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DESCRIPTION

TECHNICAL FIELD

[0001] The application relates to a method, a control node, a computer program, and a
computer program product for paging at least one client node in a group communications
system. The application further relates to a method, a client node, a computer program, and a
computer program product for receiving paging in a group communications system.

BACKGROUND

[0002] In communications networks, there may be a challenge to obtain good performance
and capacity for a given communications protocol, its parameters and the physical
environment in which the communications network is deployed.

[0003] An example of applications available in some communications system is group
communications services. In general terms, group communication means that the same
information or media is delivered to multiple client nodes. In group communication systems
(e.g., Push-To-Talk (PTT) systems) the client nodes receiving the same media constitute a
group of client nodes. These client nodes may be located at different locations. If many client
nodes are located within the same area, multicast or broadcast based transmission using e.g.,
Multicast-Broadcast Multimedia Services (MBMS) is efficient for communications to the group
of client nodes, because communications resources such as time and frequency resources are
shared among client nodes. If client nodes are spread out over a large geographical area it
can be more efficient to use unicast transmission for communications to the group of client
nodes. However, even if MBMS-based transmission is preferred, there may not be sufficient
MBMS resources available to serve all groups of client nodes. Some client nodes and groups
thereof may then be served using unicast transmission.

[0004] When using MBMS to broadcast media in a group communications system, the
transmitting client node uses unicast transmission to transmit the media to the group
communications system, and a control node in the group communications system uses
broadcast-based transmission to send the media to client nodes participating in the group
communication.

[0005] When Mobile Terminated (MT) traffic (i.e., traffic terminated at one of the client nodes)
is initiated to a client node that is in an idle mode (e.g., radio resource control (RRC) idle in the
Long Term Evolution (LTE) suite of telecommunications standards) the client node is normally
asleep and only listens periodically for paging information (e.g. to the Physical Downlink
Control Channel (PDCCH) in LTE). If there is a paging message the client node would
demodulate the paging channel (denoted PCH in LTE). The paging cycle can be set to
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between 320 to 2560 ms. This means that when the paging cycle is 320 ms, the average wake
up time for the client node is 160 ms depending on when the traffic arrives in relation to the
paging cycle. On top of this it takes approximately 100 ms to change state on the client node
from idle mode to connected mode.

[0006] Such delay is an issue in some communication scenarios, for instance when broadcast-
based transmission is used in delay-critical applications.

[0007] For real time applications such as, but not limited to, PTT, this can impact the call setup
and mouth-to-ear delay if the PTT system is using unicast transmission and some of the
receiving client nodes are in idle mode. Potentially packets may also be dropped until the client
nodes reach connected mode and re-establishes a radio bearer (RAB).

[0008] WO 2012/166893 A1 discloses a system for group communications using MBMS with
reduced latency in establishing a new flow. A first multicast flow is established and a second
multicast flow is assigned. The second multicast flow contains signalling and media for at least
one group call, and the first multicast flow is configured to send information regarding activity
on the second multicast flow.

[0009] Hence, there is still a need for an improved handling of real time critical services, such
as PTT, in a group communications system.

SUMMARY

[0010] The invention is defined by the appended claims.

[0011] Generally, all terms used in the claims are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein. All references to
"a/an/the element, apparatus, component, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, apparatus, component, means, step, etc.,
unless explicitly stated otherwise. The steps of any method disclosed herein do not have to be
performed in the exact order disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The inventive concept is now described, by way of example, with reference to the
accompanying drawings, in which:

Figs. 1 and 11 are schematic diagrams illustrating communications system;

Fig. 2a is a schematic diagram showing functional units of a control node;
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Fig. 2b is a schematic diagram showing functional modules of a control node;
Fig. 3a is a schematic diagram showing functional units of a client node;
Fig. 3b is a schematic diagram showing functional modules of a client node;

Fig. 4 shows one example of a computer program product comprising computer readable
means;

Figs. 5, 6, 7, and 8 are flowcharts of methods;
Fig. 9 is a signalling diagram according to prior art; and

Fig. 10 is a signalling diagram.

DETAILED DESCRIPTION

[0013] The inventive concept will now be described more fully hereinafter with reference to the
accompanying drawings, in which certain examples of the inventive concept are shown. This
inventive concept may, however, be implemented in many different forms and should not be
construed as limited to the examples set forth herein; rather, these examples are provided so
that this disclosure will be thorough and complete, and will fully convey the scope of the
inventive concept to those skilled in the art. Like numbers refer to like elements throughout the
description. Any step or feature illustrated by dashed lines should be regarded as optional.

[0014] Fig. 1 is a schematic diagram illustrating a communications system 100. The
communications system 100 is assumed to provide services for group communication and may
hence be regarded as a group communications system. The group communications system
100 is, according to some aspects, a push to talk (PTT) system.

[0015] The communications system 100 comprises a radio access network 120, a core
network 130, and a service network 140. Particularly, the communications system 100
comprises at least one control node 200 and at least one client node 300a, 300b. The at least
one control node 200 may be provided in, or installed on, a radio access network node 110 or
in another entity or device in a radio access network 120, in an entity or device of a core
network 130, or in an entity or device of a service network 140. Each client node 300a, 300b
may be provided in, or installed on, a respective wireless device 150a, 150b. The radio access
network 120 is operatively connected to the core network 130 which in turn is operatively
connected to the service network 140. The radio access network node 110 thereby enables the
wireless devices 150a, 150b, and hence the client nodes 300a, 300b, to access services and
exchange data as provided by the service network 140.

[0016] Examples of wireless devices 150a, 150b include, but are not limited to, mobile stations,
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mobile phones, handsets, wireless local loop phones, user equipment (UE), smartphones,
laptop computers, and tablet computers. Examples of radio access network nodes 110 include,
but are not limited to, radio base stations, base transceiver stations, node Bs, evolved node Bs,
and access points. As the skilled person understands, the communications system 100 may
comprise a plurality of radio access network nodes 110, each providing network access to a
plurality of wireless devices 150a, 150b.

[0017] The herein disclosed examples are not limited to any particular number of radio access
network nodes 110, client nodes 300a, 300b, or wireless devices 150a, 150b.

[0018] One example of paging a client node 300a, denoted a first client node, in the group
communications system 100 will now be disclosed in detail with reference to the signalling
diagram of Fig. 9.

[0019] S301: A client node 300b, denoted a second client node, transmits data intended to be
received by the first client node 300a.

[0020] S302: The control node 200 obtains an indication that the second client node 300b
transmits data intended to be received by the first client node 300a. In response thereto the
control node 200 transmits the data to the core network 130.

[0021] S303: The core network 130 pages the first client node 300a over the radio access
network 120.

[0022] S304: The first client node 300a, in response to having received the paging, makes a
service request to the core network 130 over the radio access network 120.

[0023] S305: A unicast radio access bearer is established for the first client node 300a in
response to the service request. This causes the first client node 300a to enter connected
mode.

[0024] S306: The core network 130 delivers the data to the first client node 300a using unicast
transmission over the established radio access bearer.

[0025] As noted above, for real time applications such as, but not limited to, PTT, the currently
used procedure of paging the client nodes 300a, 300b can impact the call setup and mouth-to-
ear delay if the PTT system is using unicast transmission and some of the receiving client
nodes are in idle mode. Potentially packets may also be dropped until the client nodes 300a,
300b reach connected mode and re-establishes a radio bearer (RAB). This creates a need for
an improved handling of real time critical services in the communications system 100.

[0026] Particularly, the core network 130 comprises a packet data network gateway (PGW)
131, a serving gateway (SGW) 132, a mobility management entity (MME) 133, a multicell
coordination entity (MCE) 134, a broadcast multicast service centre (BM-SC) 135, and an
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MBMS gateway (MBMS GW) 136. The PGW 131, SGW 132, MME 133, MCE 134, BM-SC 135,
and MBMS GW136 perform functionalities as known in the art and further description thereof is
therefore omitted. In this respect, paging of client node 300a is according to state of the art
performed along a signalling flow defined by arrow 160 (from MME 133) whereas paging of
client node 300a according to embodiments as will been disclosed below is performed along a
signalling flow defined by arrow 170 (from control node 200 via BM-SC 135, and MBMS
GW136).

[0027] The examples disclosed herein therefore relate to mechanisms for paging at least one
client node 300a, 300b, 300c, 300d, 300e in a group communications system 100, 1100a,
1100b, 1100c. In order to obtain such mechanisms there is provided a control node 200, a
method performed by the control node 200, a computer program product comprising code, for
example in the form of a computer program, that when run on processing circuitry of the
control node 200, causes the control node 200 to perform the method. The examples
disclosed herein further relate to mechanisms for receiving paging in a group communications
system 100, 1100a, 1100b, 1100c. In order to obtain such mechanisms there is further
provided a client node 300a, a method performed by the client node 300a, and a computer
program product comprising code, for example in the form of a computer program, that when
run on processing circuitry of the client node 300a, causes the client node 300a to perform the
method.

[0028] Fig. 2a schematically illustrates, in terms of a number of functional units, the
components of a control node 200 according to an embodiment. Processing circuitry 210 is
provided using any combination of one or more of a suitable central processing unit (CPU),
multiprocessor, microcontroller, digital signal processor (DSP), etc., capable of executing
software instructions stored in a computer program product 410a (as in Fig. 4), e.g. in the form
of a storage medium 230. The processing circuitry 210 may further be provided as at least one
application specific integrated circuit (ASIC), or field programmable gate array (FPGA).

[0029] Particularly, the processing circuitry 210 is configured to cause the control node 200 to
perform a set of operations, or steps, S102-S106, S402, S403. These operations, or steps,
S102-8S106, S402, S403 will be disclosed below. For example, the storage medium 230 may
store the set of operations, and the processing circuitry 210 may be configured to retrieve the
set of operations from the storage medium 230 to cause the control node 200 to perform the
set of operations. The set of operations may be provided as a set of executable instructions.
Thus the processing circuitry 210 is thereby arranged to execute methods as herein disclosed.

[0030] The storage medium 230 may also comprise persistent storage, which, for example,
can be any single one or combination of magnetic memory, optical memory, solid state
memory or even remotely mounted memory.

[0031] The control node 200 may further comprise a communications interface 220 for
communications at least with a client node 300a. As such the communications interface 220
may comprise one or more transmitters and receivers, comprising analogue and digital
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components and a suitable number of antennas for wireless communications and ports for
wireline communications.

[0032] The processing circuitry 210 controls the general operation of the control node 200 e.g.
by sending data and control signals to the communications interface 220 and the storage
medium 230, by receiving data and reports from the communications interface 220, and by
retrieving data and instructions from the storage medium 230. Other components, as well as
the related functionality, of the control node 200 are omitted in order not to obscure the
concepts presented herein.

[0033] Fig. 2b schematically illustrates, in terms of a number of functional modules, the
components of a control node 200.

[0034] The control node 200 of Fig. 2b comprises a number of functional modules; a first
obtain module 210a configured to perform below step S102, and a transmit module 210b
configured to perform below steps S106, S403. The control node 200 of Fig. 2b may further
comprise a number of optional functional modules, such as any of a second obtain module
210c configured to perform below steps S102a, S402, a third obtain module 210d configured
to perform below step S102b, and a fourth obtain module 210e configured to perform below
step S104. The functionality of each functional module 210a-210e will be further disclosed
below in the context of which the functional modules 210a-210e may be used. In general
terms, each functional module 210a-210e may be implemented in hardware or in software.
Preferably, one or more or all functional modules 210a-210e may be implemented by the
processing circuitry 210, possibly in cooperation with functional units 220 and/or 230. The
processing circuitry 210 may thus be arranged to from the storage medium 230 fetch
instructions as provided by a functional module 210a-210e and to execute these instructions,
thereby performing any steps as will be disclosed hereinafter.

[0035] The control node 200 maybe provided as a standalone device or as a part of at least
one further device. For example, the control node 200 may be provided in a node of the radio
access network or in a node of the core network. Alternatively, functionality of the control node
200 may be distributed between at least two devices, or nodes. These at least two nodes, or
devices, may either be part of the same network part (such as the radio access network or the
core network) or may be spread between at least two such network parts. Some examples of
where in the communications system 100 the control node 200 may be provided are illustrated
in Fig. 1. Functionality of the control node 200 maybe implemented at the service layer of the
protocol stack. In general terms, instructions that are required to be performed in real time may
be performed in a device, or node, operatively closer to the radio access network than
instructions that are not required to be performed in real time. In this respect, at least part of
the control node 200 may reside in the radio access network, such as in the radio access
network node, for cases when examples as disclosed herein are performed in real time.

[0036] Thus, a first portion of the instructions performed by the control node 200 may be
executed in a first device, and a second portion of the of the instructions performed by the
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control node 200 may be executed in a second device; the herein disclosed examples are not
limited to any particular number of devices on which the instructions performed by the control
node 200 may be executed. Hence, the methods according to the herein disclosed examples
are suitable to be performed by a control node 200 residing in a cloud computational
environment. Therefore, although a single processing circuitry 210 is illustrated in Fig. 2a the
processing circuitry 210 may be distributed among a plurality of devices, or nodes. The same
applies to the functional modules 210a-210e of Fig. 2b and the computer program 420a of Fig.
4 (see below).

[0037] Fig. 3a schematically illustrates, in terms of a number of functional units, the
components of a client node 300a. Processing circuitry 310 is provided using any combination
of one or more of a suitable central processing unit (CPU), multiprocessor, microcontroller,
digital signal processor (DSP), etc., capable of executing software instructions stored in a
computer program product 410b (as in Fig. 4), e.g. in the form of a storage medium 330. The
processing circuitry 310 may further be provided as at least one application specific integrated
circuit (ASIC), or field programmable gate array (FPGA).

[0038] Particularly, the processing circuitry 310 is configured to cause the client node 300a to
perform a set of operations, or steps, S202-S208, S404, S405, S406. These operations, or
steps, S202-S208, S404, S405, S406 will be disclosed below. For example, the storage
medium 330 may store the set of operations, and the processing circuitry 310 may be
configured to retrieve the set of operations from the storage medium 330 to cause the client
node 300a to perform the set of operations. The set of operations may be provided as a set of
executable instructions. Thus the processing circuitry 310 is thereby arranged to execute
methods as herein disclosed.

[0039] The storage medium 330 may also comprise persistent storage, which, for example,
can be any single one or combination of magnetic memory, optical memory, solid state
memory or even remotely mounted memory.

[0040] The client node 300a may further comprise a communications interface 320 for
communications at least with a control node 200. As such the communications interface 320
may comprise one or more transmitters and receivers, comprising analogue and digital
components and a suitable number of antennas for wireless communications and ports for
wireline communications.

[0041] The processing circuitry 310 controls the general operation of the client node 300a e.g.
by sending data and control signals to the communications interface 320 and the storage
medium 330, by receiving data and reports from the communications interface 320, and by
retrieving data and instructions from the storage medium 330. Other components, as well as
the related functionality, of the client node 300a are omitted in order not to obscure the
concepts presented herein.

[0042] Fig. 3b schematically illustrates, in terms of a number of functional modules, the
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components of a client node 300a. The client node 300a of Fig. 3b comprises a receive
module 310a configured to perform below steps S204, S404. The client node 300a of Fig. 3b
may further comprise a number of optional functional modules, such as any of a monitor
module 310b configured to perform below step S202, an initiate module 310c configured to
perform below steps S206, S405, and an enter module 310d configured to perform below step
S208, S406. The functionality of each functional module 310a-310d will be further disclosed
below in the context of which the functional modules 310a-310d may be used. In general
terms, each functional module 310a-310d may be implemented in hardware or in software.
Preferably, one or more or all functional modules 310a-310d may be implemented by the
processing circuitry 310, possibly in cooperation with functional units 320 and/or 330. The
processing circuitry 310 may thus be arranged to from the storage medium 330 fetch
instructions as provided by a functional module 310a-310d and to execute these instructions,
thereby performing any steps as will be disclosed hereinafter.

[0043] The client node 300a may be provided as a standalone device or as a part of at least
one further device. For example, the client node 300a may be provided in a wireless device
150a. Hence, any processing circuitry, communications interface and storage medium of the
wireless device 150a may be shared with the processing circuitry 310, communications
interface 320 and storage medium 330 of the client node 300a. It is thus not necessary for the
client node 300a to have its own processing circuitry 310, communications interface 320 and
storage medium 330 as long as the processing circuitry, communications interface and storage
medium of the wireless device 150a is configured to implement the functionality of the herein
disclosed client node 300a.

[0044] Fig. 4 shows one example of a computer program product 410a, 410b comprising
computer readable means 430. On this computer readable means 430, a computer program
420a can be stored, which computer program 420a can cause the processing circuitry 210 and
thereto operatively coupled entities and devices, such as the communications interface 220
and the storage medium 230, to execute methods described herein. The computer program
420a and/or computer program product 410a may thus provide means for performing any
steps of the control node 200 as herein disclosed. On this computer readable means 430, a
computer program 420b can be stored, which computer program 420b can cause the
processing circuitry 310 and thereto operatively coupled entities and devices, such as the
communications interface 320 and the storage medium 330, to execute methods described
herein. The computer program 420b and/or computer program product 410b may thus provide
means for performing any steps of the client node 300a as herein disclosed.

[0045] In the example of Fig. 4, the computer program product 410a, 410b is illustrated as an
optical disc, such as a CD (compact disc) or a DVD (digital versatile disc) or a Blu-Ray disc.
The computer program product 410a, 410b could also be implemented as a memory, such as
a random access memory (RAM), a read-only memory (ROM), an erasable programmable
read-only memory (EPROM), or an electrically erasable programmable read-only memory
(EEPROM) and more particularly as a non-volatile storage medium of a device in an external
memory such as a USB (Universal Serial Bus) memory or a Flash memory, such as a compact
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Flash memory. Thus, while the computer program 420a, 420b is here schematically shown as
a track on the depicted optical disk, the computer program 420a, 420b can be stored in any
way which is suitable for the computer program product 410a, 410b.

[0046] Figs. 5 and 6 are flow charts illustrating methods for paging at least one client node
300a, 300b, 300c, 300d, 300e in a group communications system 100, 1100a, 1100b, 1100c
as performed by the control node 200. Figs. 7 and 8 are flow charts illustrating methods for
receiving paging in a group communications system 100, 1100a, 1100b, 1100c as performed
by the client node 300a. The methods are advantageously provided as computer programs
420a, 420b.

[0047] Reference is now made to Fig. 5 illustrating a method for paging at least one client
node 300a, 300b, 300c, 300d, 300e in a group communications system 100, 1100a, 1100b,
1100c as performed by the control node 200.

[0048] It is assumed that there is a need for paging the at least one client node 300a, 300b,
300c, 300d, 300e in the group communications system 100, 1100a, 1100b, 1100c. The control
node 200 is therefore configured to obtain such a need by performing step S102:

S102: The control node 200 obtains a need for paging the at least one client node 300a, 300b,
300c, 300d, 300e in the group communications system 100, 1100a, 1100b, 1100c. Different
ways for how the control node 200 can obtain this need for paging will be disclosed below. In
this respect the first obtain module 210a comprises instructions that when executed by the
control node 200 causes the processing circuitry 210, possibly in conjunction with the
communications interface 220 and the storage medium 230, to obtain the need for paging in
order for the control node 200 to perform step S102.

[0049] Transmission of the paging is combined with application level paging over MBMS,
thereby enabling the at least one client node 300a, 300b, 300c, 300d, 300e being paged to
speed up its switch to connected mode, and thereby allowing the at least one client node 3003,
300b, 300c, 300d, 300e being paged to receive packets in a fast and efficient manner. Hence,
the control node 200 is configured to transmit a paging message 1120 as in step S106:

S106: The control node 200 transmits a paging message 1120 for the at least one client node
300a, 300b, 300c, 300d, 300e. The paging message 1120 is transmitted on an MBMS bearer
to the at least one client node 300a, 300b, 300c, 300d, 300e. In this respect the transmit
module 210b comprises instructions that when executed by the control node 200 causes the
processing circuitry 210, possibly in conjunction with the communications interface 220 and the
storage medium 230, to transmit the paging message 1120 in order for the control node 200 to
perform step S106. Further details of paging the at least one client node 300a, 300b, 300c,
300d, 300e in the group communications system 100, 1100a, 1100b, 1100c will now be
disclosed.

[0050] The at least one client node 300a, 300b, 300c, 300d, 300e can be in idle mode when
the paging message 1120 is broadcasted. Hence, the paging message 1120 is intended to be
received by client node 300a, 300b, 300c, 300d, 300e in idle mode.
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[0051] There may be different kinds of paging messages 1120 that can be transmitted in step
S106. Different examples relating thereto will now be disclosed in turn.

[0052] According to a first example the paging message 1120 is an individual paging message
1120. Thus, the paging message 1120 can represent an individual paging message 1120. This
individual paging message 1120 is transmitted to at least one client node 300a, 300b, 300c,
300d, 300e. The individual paging message, according to some aspects, therefore comprises
an identifier of this one of the at least one client node 300a, 300b, 300c, 300d, 300e.

[0053] According to a second example the paging message 1120 is a group paging message
1120. Thus, the paging message 1120 can represent one common group paging message
1120. This common group paging message 1120 is transmitted to a group 1110a, 1110b of
client nodes 300a, 300b, 300c, 300d, 300e. The group paging message 1120, according to
some aspects, therefore comprises an identifier of the group 1110a, 1110b of the at least one
client node 300a, 300b, 300c, 300d, 300e.

[0054] There may be different kinds of MBMS bearers on which the paging message 1120 can
be transmitted, as in step S106. Different examples relating thereto will now be disclosed in
turn.

[0055] According to a first example the MBMS bearer is a Service Announcement MBMS
bearer. Hence, the MBMS bearer on which the paging message 1120 can be transmitted can
be used for Service Announcement in the group communications system 100, 1100a, 1100b,
1100c.

[0056] According to a second example the MBMS bearer is a for Floor Control MBMS bearer.
Hence, the MBMS bearer on which the paging message 1120 can be transmitted can be used
for Floor Control in the group communications system 100, 1100a, 1100b, 1100c.

[0057] According to a third example the MBMS bearer is a Group communication control
message MBMS bearer. Hence, the MBMS bearer on which the paging message 1120 can be
transmitted can be used for Control messages in the group communications system 100,
1100a, 1100b, 1100c.

[0058] According to a fourth example the MBMS bearer is a general Group communication
MBMS bearer, for example an MBMS bearer used for media transmission, in the group
communications system 100, 1100a, 1100b, 1100c. Reference is now made to Fig. 6
illustrating methods for paging at least one client node 300a, 300b, 300c, 300d, 300e in a
group communications system 100, 1100a, 1100b, 1100c as performed by the control node
200. Steps S102 and S106 are performed as disclosed above.

[0059] There maybe different ways for the control node 200 to obtain the need for paging.
Different examples relating thereto will now be described in turn.
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[0060] According to a first example the control node 200 is configured to obtain the need as a
result of a packet being destined for the at least one client node 300a, 300b, 300c, 300d, 300e,
as in step S102a:

S102a: The control node 200 obtains an indication that at least one packet is destined for the
at least one client node 300a, 300b, 300c, 300d, 300e. Step S102a may be performed in
conjunction with, or as part of, step S102. This indication can be obtained from the node (such
as another client node 300a, 300b, 300c, 300d, 300e) or device from which the at least one
packet is originating. Alternatively the indication can be obtained from another control node or
from a management node. In this respect the second obtain module 210c comprises
instructions that when executed by the control node 200 causes the processing circuitry 210,
possibly in conjunction with the communications interface 220 and the storage medium 230, to
obtain the indication in order for the control node 200 to perform step S102a.

[0061] Further, according to the first example the paging message 1120 can indicate that the
at least one packet is to be transmitted to the at least one client node 300a, 300b, 300c, 300d,
300e over a unicast bearer.

[0062] According to a second example the at least one client node 300a, 300b, 300c, 300d,
300e participates in a group call on an MBMS bearer in the group communications system
100, 1100a, 1100b, 1100c. According to the second example the control node 200 is
configured to obtain the need as a result of the at least one client node 300a, 300b, 300c,
300d, 300e being moved to a unicast bearer as in step S102b:

S102b: The control node 200 obtains an indication that the group call is to be moved to a
unicast bearer. Step S102b may be performed in conjunction with, or as part of, step S102. In
this respect the third obtain module 210d comprises instructions that when executed by the
control node 200 causes the processing circuitry 210, possibly in conjunction with the
communications interface 220 and the storage medium 230, to obtains the indication in order
for the control node 200 to perform step S102b.

[0063] In general terms, each client node 300a, 300b, 300c, 300d, 300e, according to some
aspects, reports its location whilst physically being moved in the group communications system
100, 1100a, 1100b, 1100c. This reporting can be performed as specified according to
document 3GPP TS 23.179 v1.2.0.

[0064] This location information is, according to some aspects, used when the at least one
client node 300a, 300b, 300c, 300d, 300e is to be paged. For example, the at least one client
node 300a, 300b, 300c, 300d, 300e can then be paged over a bearer active in the current
service area identifier (SAl) area and optionally also over a bearer active in at least one
neighbor SAIl. Hence, the MBMS bearer used for transmitting the paging message 1120 can be
active in a first area defined by a current SAl of the at least one client node 300a, 300b, 300c,
300d, 300e or in at least one second area defined by a SAl neighbouring the current SAI
Therefore, according to an example the control node 200 is configured to perform step S104:

S104: The control node 200 obtains a current location of the at least one client node 300a,
300b, 300c, 300d, 300e. The current location can then define the current SAl. By means of the
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location information the at least one client node 300a, 300b, 300c, 300d, 300e does not need
to be paged over a large area. Step S104 may be performed after step S102 but before step
S106.

[0065] In this respect the fourth obtain module 210e comprises instructions that when
executed by the control node 200 causes the processing circuitry 210, possibly in conjunction
with the communications interface 220 and the storage medium 230, to obtains the current
location in order for the control node 200 to perform step S104.

[0066] Reference is now made to Fig. 7 illustrating a method for receiving paging in a group
communications system 100, 1100a, 1100b, 1100c as performed by the client node 300a.

[0067] S204: The client node 300a receives a paging message 1120 for the client node 300a
on an MBMS bearer. The paging message 1120 is received from a control node 200 of the
group communications system 100, 1100a, 1100b, 1100c. In this respect the receive module
310a comprises instructions that when executed by the client node 300a causes the
processing circuitry 310, possibly in conjunction with the communications interface 320 and the
storage medium 330, to receive the paging message 1120 in order for the client node 300a to
perform step S204.

[0068] Further details of receiving paging in a group communications system 100, 1100a,
1100b, 1100c as performed by the client node 300a will now be disclosed.

[0069] As disclosed above, the client node 300a can be in idle mode when the paging
message 1120 is broadcasted, and thus received by the client node 300a in step S204. Hence,
according to an example the client node 300a is in idle mode when receiving the paging
message 1120 in step S204.

[0070] As further disclosed above, there may be different kinds of paging messages 1120 that
can be transmitted in step S106, and thus received by the client node 300a in step S204.
These examples thus apply also to the client node 300a.

[0071] According to a first example the paging message 1120 is an individual paging message
1120. Thus, the paging message 1120 can represent an individual paging message 1120 and
comprise an individual identifier of the client node 300a.

[0072] According to a second example the paging message 1120 is a group paging message
1120. Thus, the paging message 1120 can represent one common group paging message
1120 and comprise a group identifier of a group 1110a, 1110b of client nodes 300a, 300b,
300c, 300d, 300e, and wherein the client node 300a is a member of the group 1110a, 1110b.

[0073] There may be different kinds of information comprised in the paging messages 1120.
For example, the paging message 1120 can indicate that at least one packet destined for the
client node 300a is to be transmitted to the client node 300a over a unicast bearer. Additionally
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or alternatively, the paging message 1120 can indicates that the client node 300a shall acquire
a unicast radio bearer. The paging message 1120, according to some aspects, thus serves as
to wake up the client node 300a for packets that will be transmitted on unicast. The MBMS
bearer might still be monitored by the client node 300a.

[0074] As further disclosed above, there may be different kinds of MBMS bearers on which the
paging message 1120 can be transmitted in step S106, and thus received by the client node
300a in step S204. These examples thus apply also to the client node 300a. According to a
first example the MBMS bearer is used for Service Announcement in the group
communications system 100, 1100a, 1100b, 1100c. According to a second example the MBMS
bearer is used for Floor Control in the group communications system 100, 1100a, 1100b,
1100c. According to a third example the MBMS bearer is used for Control messages in the
group communications system 100, 1100a, 1100b, 1100c. According to a fourth example the
MBMS bearer is a general Group communication MBMS bearer, for example an MBMS bearer
used for media transmission, in the group communications system 100, 1100a, 1100b, 1100c.

[0075] Reference is now made to Fig. 8 illustrating methods for receiving paging in a group
communications system 100, 1100a, 1100b, 1100c¢ as performed by the client node 300a. Step
S204 is performed as disclosed above.

[0076] The paging message 1120 could be sent over a bearer that the client node 300a is
monitoring. The client node 300a can thus already be monitoring the the MBMS bearer when
receiving the paging message 1120. Hence, the client node 300a can be configured to perform
step S202:

S202: The client node 300a monitors the MBMS bearer prior to receiving the paging message
1120. In this respect the monitor module 310b comprises instructions that when executed by
the client node 300a causes the processing circuitry 310, possibly in conjunction with the
communications interface 320 and the storage medium 330, to monitor the MBMS bearer in
order for the client node 300a to perform step S202.

[0077] There may be different actions taken by the client node 300a upon having received the
paging message 1120. Particularly, the client node 300a can be configured to perform steps
S206 and S208:

S206: The client node 300a initiates a service request with a core network node. The service
request is initiated in order for the client node 300a to enter connected mode. In this respect
the initiate module 310c comprises instructions that when executed by the client node 300a
causes the processing circuitry 310, possibly in conjunction with the communications interface
320 and the storage medium 330, to initiate the service request in order for the client node
300a to perform step S206.

S208: The client node 300a enters connected mode by re-establishing a radio access bearer
(RAB). In this respect the enter module 310d comprises instructions that when executed by the
client node 300a causes the processing circuitry 310, possibly in conjunction with the
communications interface 320 and the storage medium 330, to enter connected mode in order
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for the client node 300a to perform step S208.

[0078] An MBMS bearer may thereby be used to speed up the notification to the client node
300a that there is incoming packets over unicast and that the client node 300a therefore
should initiate a service request, enter connected mode and re-establish a RAB. This is
particularly applicable to client nodes 300a that are in idle mode and that are monitoring an
MBMS bearer.

[0079] The multicast channel (MCH) Scheduling Period (MSP) can thereby be configured
down to 40 ms intervals. This will allow the client node 300a to initiate a state transfer to
connected mode before the state of the art MME initiated paging will reach the client node
300a. The latency to set up a radio bearer to enable downlink delivery of packets (e.g. media)
to the client node 300a will thus be reduced. The saving for the paging part could be in the
region from 320/2 = 160 ms in average (or even more since a network operator may tune this
parameter to e.g. 640 ms or 1280 ms) to as low as 40/2 = 20 ms in average. That is, with
reference to Fig. 1, the signalling flow of the herein disclosed examples as defined by arrow
170 will reach the client node 300a before the signalling flow of state of the art as defined by
arrow 160.

[0080] One particular example for paging at least one client node 300a, 300b, 300c, 300d,
300e in a group communications system 100, 1100a, 1100b, 1100c based on at least some of
the above disclosed examples will now be disclosed in detail with reference to the signalling
diagram of Fig. 10.

[0081] S401: A client node 300b, denoted a second client node, transmits data intended to be
received by the first client node 300a.

[0082] S402: The control node 200 obtains an indication that the second client node 300b
transmits data intended to be received by the first client node 300a. In response thereto the
control node 200 transmits the data to the core network 130. One way to implement step S402
is to perform any of step S102 and step S102a.

[0083] S403: The indication that the second client node 300b transmits data intended to be
received by the first client node 300a is by the control node 200 interpreted as a need for
paging the first client node 300a in the group communications system. The control node 200
therefore, also in response to having obtained the indication, transmits a paging message 1120
for the first client node 300a on an MBMS bearer. One way to implement step S403 is to
perform step S106.

[0084] S404: The paging message 1120 is received, and forwarded by, the radio access
network 120. The radio access network 140 then delivers the paging message 1120 to the first
client node 300a. Hence, the first client node 300a receives the paging message 1120 on the



DK/EP 3681219 T3

MBMS bearer. One way to implement step S404 is to perform step S204.

[0085] S405: The first client node 300a, in response to having received the paging, makes a
service request to the core network 130 over the radio access network 120. One way to
implement step S405 is to perform step S206.

[0086] S406: A unicast radio access bearer is established for the first client node 300a in
response to the service request. This causes the first client node 300a to enter connected
mode. One way to implement step S406 is to perform step S208.

[0087] S407: The core network 130 delivers the data to the first client node 300a using unicast
transmission over the established radio access bearer.

[0088] S408: The core network 130, optionally, pages the first client node 300a at a later point
in time. This paging is performed according to state of the art paging mechanisms for paging
the client node 300a from the core network 130.

[0089] Assume a group communications system 1100a as schematically illustrated in Fig.
11(a). The group communications system 1100a comprises a first group 1110a of client nodes
300a, 300b, where the first group 1110a of client nodes 300a, 300b are engaged in a group
call on an MBMS bearer. For When MBMS is used for group communication, the control node
200 might in near real time determine that another group of client nodes shall use the MBMS
resource. Consider therefore the situation of the group communications system 1100b of Fig.
11(b). In relation to the group communications system 1100a of Fig. 11(a) the group
communications system 1100b of Fig. 11(b) further comprises a second group 1110b of client
nodes 300c, 300d, 300e, where a group call is started for the second group 1110b of client
nodes 300c, 300d, 300e. If there are not sufficient MBMS resources to serve both groups over
MBMS, one of the groups must be moved to unicast transmission. Assume that there is a
higher number of client nodes 300c, 300d, 300e in the second group 1110b than client nodes
300a, 300b in the first group 1110a. The control node 200 therefore determines the first group
1110a of client nodes 300a, 300b to be moved to unicast and therefore transmits a paging
message 1120 to the first group 1110a of client nodes 300a, 300b, as in step S106. It is
assumed that this paging message is received by the first group 1110a of client nodes 300a,
300b, as in step S204. The control node 200 can thus page the the first group 1110a of client
nodes 300a, 300b and then (much faster than state of the prior art) move the group call to
unicast transmission to let the second group 1110b of client nodes 300c, 300d, 300e use the
MBMS bearer for the new group call.

[0090] As a result thereof, the first group 1110a of client nodes 300a, 300b are moved to
unicast and hence the group call previously conducted on the MBMS bearer is now conducted
on unicast. The group call for the second group 1110b of client nodes 300c, 300d, 300e can
then be started on the MBMS bearer. This situation is illustrated in the group communications
system 1100c of Fig. 11(c). This improves the resource efficiency compared to if the group call
of the second group 1110b of client nodes 300c, 300d, 300e would have been be started on
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unicast. Using currently existing paging procedure will result in delay and possibly packet loss.

[0091] The inventive concept has mainly been described above with reference to a few
examples. However, as is readily appreciated by a person skilled in the art, other examples
than the ones disclosed above are equally possible within the scope of the inventive concept,
as defined by the appended patent claims.
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Patentkrav

1. Fremgangsmade til paging af mindst en klientknude (300a, 300b, 300c,
300d, 300e) i et gruppekommunikationssystem (100, 1100a, 1100b, 1100c),
hvilken fremgangsmade udferes af en styreknude (200) af gruppekommunika-
tionssystemet (100, 1100a, 1100b, 1100c), hvilken fremgangsmade omfatter:
at opna (S102) et behov for paging af den mindst ene klientknude (300a, 300b,
300c, 300d, 300e) i gruppekommunikationssystemet (100, 1100a, 1100Db,
1100c); og

at transmittere (S106) en feelles gruppe-pagingbesked (1120) pa en MBMS-
beerer til en gruppe af klientknuder (300a, 300b, 300c, 300d, 300e), herunder
den mindst ene klientknude (300a, 300b, 300c, 300d, 300e), hvor:

den feelles gruppe-pagingbesked omfatter en identifikator, der identificerer
gruppen af klientknuder,

den feelles gruppe-pagingbesked angiver, at den mindst ene pakke skal trans-
mitteres til den mindst ene klientknude (300a, 300b, 300c, 300d, 300e) over
en unicast-beerer, og

den feelles gruppe-pagingbesked vil fa den klientknude i klientgruppen, der er
I hviletilstand, til at initiere en serviceanmodning om at overfare klientknuden
til en tilsluttet tilstand.

2. Fremgangsmade ifglge krav 1, hvor opnaelse af behovet for paging omfat-
ter:

at opna (S102a) en angivelse af, at den mindst ene pakke er bestemt for den
mindst ene klientknude (300a, 300b, 300c, 300d, 300e).

3. Fremgangsmade ifelge krav 1, hvor den mindst ene klientknude (300a,
300b, 300c, 300d, 300e) deltager i et gruppeopkald pa en MBMS-beerer i grup-
pekommunikationssystemet (100, 1100a, 1100b, 1100c), og hvor opnaelse af
behovet for paging omfatter:

at opna (S102b) en angivelse af, at gruppeopkaldet skal flyttes til en unicast-
beerer.
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4. Fremgangsmade ifelge krav 1, hvor MBMS-bzereren anvendes til service-
annoncering i gruppekommunikationssystemet (100, 1100a, 1100b, 1100c) el-
ler anvendes til floor-styring i gruppekommunikationssystemet eller anvendes
til styrebeskeder i gruppekommunikationssystemet.

5. Fremgangsmade ifalge krav 1, hvor MBMS-baereren anvendt til at transmit-
tere paging-beskeden (1120) er aktiv i et ferste omrade defineret af en aktuel
serviceomradeidentifikator, SAIl, af den mindst ene klientknude (300a, 300b,
300c, 300d, 300e) eller i mindst et andet omradet defineret af en SAI, der er
naboliggende til den aktuelle SAl.

6. Fremgangsmade ifalge krav 5, yderligere omfattende:
at opna (S104) en aktuel lokation for den mindst ene klientknude (300a, 300b,
300c, 300d, 300e), hvor den aktuelle lokation definerer den aktuelle SAL.

7. Fremgangsmade ifelge krav 1, hvor den mindst ene klientknude (300a,
300b, 300c, 300d, 300e) er i hviletilstand, nar paging-beskeden (1120) udsen-
des.

8. Fremgangsmade til at modtage paging i et gruppekommunikationssystem
(100, 1100a, 1100b, 1100c), hvilken fremgangsmade udferes af en klient-
knude (300a), hvilken fremgangsmade omfatter:

at modtage (S204) en feaelles gruppe-pagingbesked (1120) til en gruppe af kli-
entknuder (300a, 300b, 300c, 300d, 300e), herunder klientknuden (300a) pa
en MBMS-beerer, fra en styreknude (200) af gruppekommunikationssystemet
(100, 1100a, 1100b, 1100c), hvor:

den feelles gruppe-pagingbesked omfatter en identifikator, der identificerer
gruppen af klientknuder,

den feelles gruppe-pagingbesked angiver, at den mindst ene pakke skal trans-
mitteres til den mindst ene klientknude (300a, 300b, 300c, 300d, 300e) over
en unicast-beerer, og

den feelles gruppe-pagingbesked vil fa den klientknude, der er i hviletilstand,
til at initiere en serviceanmodning om at overfare klientknuden til en tilsluttet
tilstand.
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9. Fremgangsmade ifalge krav 8, hvor paging-beskeden (1120) angiver, at Kli-
entknuden (300a) skal erhverve en unicast-radiobeerer.

10. Fremgangsmade ifglge krav 8, yderligere omfattende:
at overvage (S202) MBMS-baereren inden modtagelse af paging-beskeden
(1120).

11. Fremgangsmade ifglge krav 8, hvor MBMS-baereren anvendes til service-
annoncering i gruppekommunikationssystemet (100, 1100a, 1100b, 1100c) el-
ler anvendes til floor-styring i gruppekommunikationssystemet eller anvendes
til styrebeskeder i gruppekommunikationssystemet.

12. Styreknude (200) til paging af mindst en klientknude (300a, 300b, 300c,
300d, 300e) i et gruppekommunikationssystem (100, 1100a, 1100b, 1100c),
hvilken styreknude (200) omfatter et behandlingskredsleb (210), hvilket be-
handlingskredslab er konfigureret til at fa styreknuden (200) til:

at opna et behov for paging af den mindst ene klientknude (300a, 300b, 300c,
300d, 300e) i gruppekommunikationssystemet (100, 1100a, 1100b, 1100c); og
at transmittere en feelles gruppe-pagingbesked (1120) pa en MBMS-beerer til
en gruppe af klientknuder (300a, 300b, 300c, 300d, 300e), herunder den
mindst ene klientknude (300a, 300b, 300c, 300d, 300e), hvor:

den feelles gruppe-pagingbesked omfatter en identifikator, der identificerer
gruppen af klientknuder,

den feelles gruppe-pagingbesked angiver, at den mindst ene pakke skal trans-
mitteres til den mindst ene klientknude (300a, 300b, 300c, 300d, 300e) over
en unicast-beerer, og

den feelles gruppe-pagingbesked vil fa den klientknude i klientgruppen, der er
I hviletilstand, til at initiere en serviceanmodning om at overfare klientknuden
til en tilsluttet tilstand.

13. Klientknude (300a) til at modtage paging i et gruppekommunikationssy-
stem (100, 1100a, 1100b, 1100c), hvilken klientknude (300a) omfatter et be-
handlingskredslab (310), hvilket behandlingskredslab er konfigureret til at fa
klientknuden (300a) til:
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at modtage en feelles gruppe-pagingbesked (1120) til en gruppe af klientknu-
der (300a, 300b, 300c, 300d, 300e), herunder klientknuden (300a) pa en
MBMS-beerer, fra en styreknude (200) af gruppekommunikationssystemet
(100, 1100a, 1100b, 1100c), hvor:

den feelles gruppe-pagingbesked omfatter en identifikator, der identificerer
gruppen af klientknuder,

den feelles gruppe-pagingbesked angiver, at den mindst ene pakke skal trans-
mitteres til den mindst ene klientknude (300a, 300b, 300c, 300d, 300e) over
en unicast-beerer, og

den feelles gruppe-pagingbesked vil fa den klientknude, der er i hviletilstand,
til at initiere en serviceanmodning om at overfare klientknuden til en tilsluttet
tilstand.
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