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Managing Multiple Subscriber Identities in Cellular Network

Field

Various embodiments described herein relate to the field of cellular
communications and, particularly, to radio access network operations related to

terminal devices having multiple subscriber identities.

Background

Terminal devices or user equipment (UE) of cellular communication
systems have been capable of supporting multiple subscriber identities for a long
time. A subscriber identity is typically realized by a subscriber identifier such as
International Mobile Subscriber Identity (IMSI) or a unique subscription
permanent identifier (SUPI). The subscriber identifier may be stored in a universal
subscriber identity module (USIM) or a similar module. This module may comprise
of hardware and/or software components. A terminal device may operate multiple
subscriber identities in parallel and independently, depending on the hardware
and/or software configuration of the terminal device. Some (even a plurality) of
the subscriber identities may have an active radio resource connection in operation

while some of the subscriber identities may be in an idle state.

Brief description

Some aspects of the invention are defined by the independent claims.

Some embodiments of the invention are defined in the dependent
claims.

The embodiments and features, if any, described in this specification
that do not fall under the scope of the independent claims are to be interpreted as
examples useful for understanding various embodiments of the invention. Some
aspects of the disclosure are defined by the independent claims.

According to an aspect, there is provided an apparatus for a mobility
management node controlling a plurality of access nodes, comprising means for
performing: storing at least two subscriber identifiers; and transmitting, to a target
network node during setup of a bearer for a first subscriber identifier of the at least
two subscriber identifiers, a message comprising at least a second subscriber
identifier of the at least two subscriber identifiers.

In an embodiment, the means are configured to receive, from an access
node of the plurality of access nodes, a handover request message requesting a

handover procedure for the first subscriber identifier and to transmit the message



WO 2022/013481 PCT/F12021/050462

10

15

20

25

30

35

in response to the handover request message, wherein the setup of the bearer is a
part of the handover procedure.

In an embodiment, the access node is a first access node controlled by
the apparatus and the target network node is a second access node controlled by
the apparatus.

In an embodiment, said mobility management node is a first mobility
management node, and wherein the target network node is a second mobility
management node different from the first mobility management node.

In an embodiment, the handover message is a further handover request
message addressed to the target network node.

In an embodiment, the means are configured to: receive, before said
setup of the bearer has been initiated, from the target network node a setup
message comprising at least one information element indicating whether or not the
target network node accepts information on multiple subscriber identifiers;
transmit the message in response to the setup message indicating that the target
network node accepts the information on multiple subscriber identifiers.

In an embodiment, the message further comprises at least one
equipment identifier and information mapping the first identifier and the at least
second identifier to the at least one equipment identifier.

According to an aspect, there is provided an apparatus for a network
node, comprising means for performing: receiving, from a mobility management
node controlling a plurality of access nodes, a message during setup of a bearer for
a first subscriber identifier, the message comprising at least a second subscriber
identifier different from the first subscriber identifier; storing the first subscriber
identifier and the second identifier; and performing at least one procedure using
the second identifier.

In an embodiment, the message is a handover message.

In an embodiment, the network node is an access node, and wherein the
means are configured to setup the bearer between the access node and the mobility
management node.

In an embodiment, the mobility management node is a first mobility
management node and the network node is a second mobility management node
different from the first mobility management node, and wherein the means are
configured to setup the bearer between the second mobility management node and

an access node controlled by the second mobility management node.
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In an embodiment, the means are configured to: transmit, to the
mobility management node before said setup of the bearer has been initiated, a
setup message comprising at least one information element indicating whether or
not the apparatus accepts information on multiple subscriber identifiers; and
receive the message in response to indicating that the apparatus accepts the
information on multiple subscriber identifiers.

In an embodiment, the means comprise at least one processor and at
least one memory including computer program code, wherein the at least one
memory and computer program code are configured, with the at least one
processor, to cause the performance of the apparatus.

According to an aspect, there is provided a method comprising: storing,
in a mobility management node, at least two subscriber identifiers; and
transmitting, by the mobility management node to a target network node during
setup of a bearer for a first subscriber identifier of the at least two subscriber
identifiers, a message comprising at least a second subscriber identifier of the at
least two subscriber identifiers.

In an embodiment, the mobility management node receives, from an
access node of the plurality of access nodes, a handover request message
requesting a handover procedure for the first subscriber identifier and transmits
the message in response to the handover request message, wherein the setup of
the bearer is a part of the handover procedure.

In an embodiment, the access node is a first access node controlled by
the mobility management node and the target network node is a second access
node controlled by the mobility management node.

In an embodiment, said mobility management node is a first mobility
management node, and wherein the target network node is a second mobility
management node different from the first mobility management node.

In an embodiment, the handover message is a further handover request
message addressed to the target network node.

In an embodiment, the mobility management node receives, before said
setup of the bearer has been initiated, from the target network node a setup
message comprising at least one information element indicating whether or not the
target network node accepts information on multiple subscriber identifiers; and
transmits the message in response to the setup message indicating that the target

network node accepts the information on multiple subscriber identifiers.
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In an embodiment, the message further comprises at least one
equipment identifier and information mapping the first identifier and the at least
second identifier to the at least one equipment identifier.

According to an aspect, there is provided a method comprising:
receiving, by a network node from a mobility management node controlling a
plurality of access nodes, a message during setup of a bearer for a first subscriber
identifier, the message comprising at least a second subscriber identifier different
from the first subscriber identifier; storing, by the network node, the first
subscriber identifier and the second identifier; and performing, by the network
node, at least one procedure using the second identifier.

In an embodiment, the message is a handover message.

In an embodiment, the network node is an access node that sets up the
bearer between the access node and the mobility management node.

In an embodiment, the mobility management node is a first mobility
management node and the network node is a second mobility management node
different from the first mobility management node that sets up the bearer between
the second mobility management node and an access node controlled by the second
mobility management node.

In an embodiment, the network node transmits, to the mobility
management node before said setup of the bearer has been initiated, a setup
message comprising at least one information element indicating whether or not the
network node accepts information on multiple subscriber identifiers; and receives
the message in response to indicating that the network node accepts the
information on multiple subscriber identifiers.

According to an aspect, there is provided a computer program product
embodied on a computer-readable medium and comprising a computer program
code readable by a computer, wherein the computer program code configures the
computer to carry out a computer process comprising: storing, in a mobility
management node, at least two subscriber identifiers; and transmitting, to a target
network node during setup of a bearer for a first subscriber identifier of the at least
two subscriber identifiers, a message comprising at least a second subscriber
identifier of the at least two subscriber identifiers.

According to an aspect, there is provided a computer program product
embodied on a computer-readable medium and comprising a computer program
code readable by a computer, wherein the computer program code configures the

computer to carry out a computer process comprising: receiving, from a mobility
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management node controlling a plurality of access nodes, a message during setup
of a bearer for a first subscriber identifier, the message comprising atleast a second
subscriber identifier different from the first subscriber identifier; storing the first
subscriber identifier and the second identifier; and performing at least one

procedure using the second identifier.

List of drawings

Embodiments are described below, by way of example only, with
reference to the accompanying drawings, in which

Figures 1 and 2 illustrate wireless communication scenarios to which
some embodiments of the invention may be applied;

Figures 3 and 4 illustrate some embodiments for sharing multiple
subscriber identifiers of a terminal device between network nodes;

Figure 5 illustrates a signalling diagram for sharing multiple subscriber
identifiers of a terminal device between network nodes in connection with a
handover;

Figure 6 illustrates an embodiment unsolicited sharing of multiple
subscriber identifiers between network nodes;

Figures 7 and 8 illustrate embodiments for solicited sharing of multiple
subscriber identifiers between network nodes;

Figure 9 illustrates an embodiment of a procedure for sharing multiple
subscriber identifiers between mobility management nodes;

Figure 10 illustrates an embodiment of a procedure for performing
optimization by using the information on multiple subscriber identifiers for a
terminal device;

Figure 11 illustrates a procedure for a mobility management node to
acquire information on multiple subscriber identifiers of a terminal device from an
access node; and

Figure 12 illustrates a block diagram of a structure of an apparatus

according to an embodiment of the invention.

Description of embodiments

The following embodiments are examples. Although the specification
may refer to “an”, “one”, or “some” embodiment(s) in several locations, this does
not necessarily mean that each such reference is to the same embodiment(s), or
that the feature only applies to a single embodiment. Single features of different

embodiments may also be combined to provide other embodiments. Furthermore,
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words “comprising” and “including” should be understood as not limiting the
described embodiments to consist of only those features that have been mentioned
and such embodiments may contain also features/structures that have not been
specifically mentioned.

In the following, different exemplifying embodiments will be described
using, as an example of an access architecture to which the embodiments may be
applied, a radio access architecture based on long term evolution advanced (LTE
Advanced, LTE-A) or new radio (NR, 5G), without restricting the embodiments to
such an architecture, however. A person skilled in the art will realize that the
embodiments may also be applied to other kinds of communications networks
having suitable means by adjusting parameters and procedures appropriately.
Some examples of other options for suitable systems are the universal mobile
telecommunications system (UMTS) radio access network (UTRAN or E-UTRAN),
long term evolution (LTE, the substantially same as E-UTRA), wireless local area
network (WLAN or WiFi), worldwide interoperability for microwave access
(WiMAX), Bluetooth®, personal communications services (PCS), ZigBee®,
wideband code division multiple access (WCDMA), systems using ultra-wideband
(UWB) technology, sensor networks, mobile ad-hoc networks (MANETs) and
Internet Protocol multimedia subsystems (IMS) or any combination thereof.

Figure 1 depicts examples of simplified system architectures showing
some elements and functional entities, all being logical units, whose
implementation may differ from what is shown. The connections shown in Figure
1 are logical connections; the actual physical connections may be different. It is
apparent to a person skilled in the art that the system typically comprises also
other functions and structures than those shown in Figure 1.

The embodiments are not, however, restricted to the system given as an
example but a person skilled in the art may apply the solution to other
communication systems provided with necessary properties.

The example of Figure 1 shows a part of an exemplifying radio access
network.

Figure 1 shows terminal devices or user devices 100 and 102
configured to be in a wireless connection on one or more communication channels
in a cell with an access node (such as (e/g)NodeB) 104 providing the cell.
(e/g)NodeB refers to an eNodeB or a gNodeB, as defined in 3GPP specifications.
The physical link from a user device to a (e/g)NodeB is called uplink or reverse link
and the physical link from the (e/g)NodeB to the user device is called downlink or
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forward link. It should be appreciated that (e/g)NodeBs or their functionalities
may be implemented by using any node, host, server or access point etc. entity
suitable for such a usage.

A communications system typically comprises more than one
(e/g)NodeB in which case the (e/g)NodeBs may also be configured to communicate
with one another over links, wired or wireless, designed for the purpose. These
links may be used not only for signalling purposes but also for routing data from
one (e/g)NodeB to another. The (e/g)NodeB is a computing device configured to
control the radio resources of communication system it is coupled to. The NodeB
may also be referred to as a base station, an access point, an access node, or any
other type of interfacing device including a relay station capable of operating in a
wireless environment. The (e/g)NodeB includes or is coupled to transceivers.
From the transceivers of the (e/g)NodeB, a connection is provided to an antenna
unit that establishes bi-directional radio links to user devices. The antenna unit
may comprise a plurality of antennas or antenna elements. The (e/g)NodeB is
further connected to core network 110 (CN or next generation core NGC).
Depending on the system, the counterpart on the CN side can be a serving gateway
(S-GW, routing and forwarding user data packets), packet data network gateway
(P-GW), for providing connectivity of user devices (UEs) to external packet data
networks, or mobile management entity (MME), etc.

The user device (also called UE, user equipment, user terminal, terminal
device, etc.) illustrates one type of an apparatus to which resources on the air
interface are allocated and assigned, and thus any feature described herein with a
user device may be implemented with a corresponding apparatus, such as a relay
node. An example of such a relay node is a layer 3 relay (self-backhauling relay)
towards the base station.

The user device typically refers to a portable computing device that
includes wireless mobile communication devices operating with or without a
subscriber identification module (SIM), including, but not limited to, the following
types of devices: a mobile station (mobile phone), smartphone, personal digital
assistant (PDA), handset, device using a wireless modem (alarm or measurement
device, etc.), laptop and/or touch screen computer, tablet, game console, notebook,
and multimedia device. It should be appreciated that a user device may also be a
nearly exclusive uplink only device, of which an example is a camera or video
camera loading images or video clips to a network. A user device may also be a

device having capability to operate in Internet of Things (IoT) network which is a
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scenario in which objects are provided with the ability to transfer data over a
network without requiring human-to-human or human-to-computer interaction.
The user device may also utilise cloud. In some applications, a user device may
comprise a small portable device with radio parts (such as a watch, earphones or
eyeglasses) and the computation is carried out in the cloud. The user device (or in
some embodiments a layer 3 relay node) is configured to perform one or more of
user equipment functionalities. The user device may also be called a subscriber
unit, mobile station, remote terminal, access terminal, user terminal or user
equipment (UE) just to mention but a few names or apparatuses.

Various techniques described herein may also be applied to a cyber-
physical system (CPS) (a system of collaborating computational elements
controlling physical entities). CPS may enable the implementation and exploitation
of massive amounts of interconnected ICT devices (sensors, actuators, processors
microcontrollers, etc.) embedded in physical objects at different locations. Mobile
cyber physical systems, in which the physical system in question has inherent
mobility, are a subcategory of cyber-physical systems. Examples of mobile physical
systems include mobile robotics and electronics transported by humans or
animals.

Additionally, although the apparatuses have been depicted as single
entities, different units, processors and/or memory units (not all shown in Figure
1) may be implemented.

5G enables using multiple input - multiple output (MIMO) antennas,
many more base stations or nodes than the LTE (a so-called small cell concept),
including macro sites operating in co-operation with smaller stations and
employing a variety of radio technologies depending on service needs, use cases
and/or spectrum available. 5G mobile communications supports a wide range of
use cases and related applications including video streaming, augmented reality,
different ways of data sharing and various forms of machine type applications
(such as (massive) machine-type communications (mMTC), including vehicular
safety, different sensors and real-time control. 5G is expected to have multiple
radio interfaces, namely below 6GHz, cmWave and mmWave, and also being
capable of being integrated with existing legacy radio access technologies, such as
the LTE. Integration with the LTE may be implemented, at least in the early phase,
as a system, where macro coverage is provided by the LTE and 5G radio interface
access comes from small cells by aggregation to the LTE. In other words, 5G is
planned to support both inter-RAT operability (such as LTE-5G) and inter-RI
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operability (inter-radio interface operability, such as below 6GHz - cmWave, below
6GHz - cmWave - mmWave). One of the concepts considered to be used in 5G
networks is network slicing in which multiple independent and dedicated virtual
sub-networks (network instances) may be created within the substantially same
infrastructure to run services that have different requirements on latency,
reliability, throughput and mobility.

The current architecture in LTE networks is fully distributed in the
radio and typically fully centralized in the core network. The low-latency
applications and services in 5G require to bring the content close to the radio which
leads to local break out and multi-access edge computing (MEC). 5G enables
analytics and knowledge generation to occur at the source of the data. This
approach requires leveraging resources that may not be continuously connected to
a network such as laptops, smartphones, tablets and sensors. MEC provides a
distributed computing environment for application and service hosting. It also has
the ability to store and process content in close proximity to cellular subscribers
for faster response time. Edge computing covers a wide range of technologies such
as wireless sensor networks, mobile data acquisition, mobile signature analysis,
cooperative distributed peer-to-peer ad hoc networking and processing also
classifiable as local cloud/fog computing and grid/mesh computing, dew
computing, mobile edge computing, cloudlet, distributed data storage and
retrieval, autonomic self-healing networks, remote cloud services, augmented and
virtual reality, data caching, Internet of Things (massive connectivity and/or
latency critical), critical communications (autonomous vehicles, traffic safety, real-
time analytics, time-critical control, healthcare applications).

The communication system is also able to communicate with other
networks 112, such as a public switched telephone network or the Internet, or
utilize services provided by them. The communication network may also be able to
support the usage of cloud services, for example at least part of core network
operations may be carried out as a cloud service (this is depicted in Figure 1 by
“cloud” 114). The communication system may also comprise a central control
entity, or a like, providing facilities for networks of different operators to cooperate
for example in spectrum sharing.

Edge cloud may be brought into radio access network (RAN) by utilizing
network function virtualization (NFV) and software defined networking (SDN).
Using edge cloud may mean access node operations to be carried out, at least

partly, in a server, host or node operationally coupled to a remote radio head or
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base station comprising radio parts. It is also possible that node operations will be
distributed among a plurality of servers, nodes or hosts. Application of cloudRAN
architecture enables RAN real time functions being carried out at the RAN side (in
a distributed unit, DU 105) and non-real time functions being carried out in a
centralized manner (in a centralized unit, CU 108).

It should also be understood that the distribution of functions between
core network operations and base station operations may differ from that of the
LTE or even be non-existent. Some other technology advancements probably to be
used are Big Data and all-IP, which may change the way networks are being
constructed and managed. 5G (or new radio, NR) networks are being designed to
support multiple hierarchies, where MEC servers can be placed between the core
and the base station or node B (gNB). It should be appreciated that MEC can be
applied in 4G networks as well.

5G may also utilize satellite communication to enhance or complement
the coverage of 5G service, for example by providing backhauling. Possible use
cases are providing service continuity for machine-to-machine (M2M) or Internet
of Things (IoT) devices or for passengers on board of vehicles, or ensuring service
availability for critical communications, and future railway, maritime, and/or
aeronautical communications. Satellite communication may utilize geostationary
earth orbit (GEO) satellite systems, but also low earth orbit (LEO) satellite systems,
in particular mega-constellations (systems in which hundreds of (nano)satellites
are deployed). At least one satellite 110 in the mega-constellation may cover
several satellite-enabled network entities that create on-ground cells. The on-
ground cells may be created through an on-ground relay node or by a gNB located
on-ground or in a satellite.

It is obvious for a person skilled in the art that the depicted system is
only an example of a part of a radio access system and in practice, the system may
comprise a plurality of (e/g)NodeBs, the user device may have an access to a
plurality of radio cells and the system may comprise also other apparatuses, such
as physical layer relay nodes or other network elements, etc. At least one of the
(e/g)NodeBs or may be a Home(e/g)nodeB. Additionally, in a geographical area of
a radio communication system a plurality of different kinds of radio cells as well as
a plurality of radio cells may be provided. Radio cells may be macro cells (or
umbrella cells) which are large cells, usually having a diameter of up to tens of
kilometers, or smaller cells such as micro-, femto- or picocells. The (e/g)NodeBs of

Figure 1 may provide any kind of these cells. A cellular radio system may be
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implemented as a multilayer network including several kinds of cells. Typically, in
multilayer networks, one access node provides one kind of a cell or cells, and thus
a plurality of (e/g)NodeBs are needed to provide such a network structure.

For fulfilling the need for improving the deployment and performance
of communication systems, the concept of “plug-and-play” (e/g)NodeBs has been
introduced. Typically, a network which is able to use “plug-and-play” (e/g)Node Bs,
includes, in addition to Home (e/g)NodeBs (H(e/g)nodeBs), a home node B
gateway, or HNB-GW (not shown in Figure 1). A HNB Gateway (HNB-GW), which is
typically installed within an operator’s network may aggregate traffic from a large
number of HNBs back to a core network.

Figure 2 illustrates a more detailed diagram of a radio access network
of the system of Figure 1. In the scenario of Figure 2, a terminal device (UE) 100 is
in proximity of multiple access nodes 104, 1044, 104B. Any one of the access nodes
may serve the terminal device with a RRC connection (e.g. 210 provided by the
access node 104 in Figure 2). The serving access node may provide the terminal
device with access to the cellular network, to a core network including a mobility
management node 200, and to other networks via the RRC connection. The
mobility management node 200 may perform access control and mobility control
for the terminal device. For LTE systems, the mobility management node 200 may
be the MME, while in 5G networks the mobility management node 200 may be an
access and mobility management function (AMF). The mobility management node
may connect with the terminal device via a non-access stratum connection,
referring to that there is no direct radio connection (direct access) between the
mobility management node and the terminal device, although the two
communicate with one another. The interface between the access node and the
mobility management node is called an S1 interface in the LTE systems and an NG
interface in the 5G systems.

The other access nodes 104A, 104B, 104C may operate in the
substantially same radio access network as the access node 104 and, as a
consequence, are potential targets for a handover when the terminal device moves
towards a cell edge of the access node 104. The access nodes may communicate
with one another via a backhaul interface such as an Xn interface specified in
specifications of a 3rd Generation Partnership Project (3GPP) for 5G. The backhaul
interface may be used to negotiate the handover and transfer contextual
parameters of the terminal device and the RRC connection, for example. The access

node 104 has such an interface with the access node 104B but not with the access
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node 104A and 104C. Therefore, when the terminal device is handed over to the
access node 104A, the handover may be carried out under the control of the
mobility management node 200, and the handover may include a handover
between the S1/NG interfaces in addition to the handover of the RRC connection
(210 to 214). The S1/NG handover is internal to the mobility management node
200 because both access nodes 104 and 104A are under the control of the mobility
management node 200. When the handover is from the access node 104 to the
access node 104C, the handover may require a handover between mobility
management nodes 200, 202 because the access node 104C is under the control of
the mobility management node 202. Then, the handover may be negotiated
between the mobility management nodes via an S10 (LTE) or NG14 (5G) interface.
When the handover is from the access node 104 to 104B, the handover of the RRC
connection (210 to 212) may be needed.

As described in Background, a terminal device may have multiple
subscriber identities and corresponding subscriber identifiers. The terminal device
may use cellular communication services via one or more subscriptions. A
subscription may be bound to a universal subscriber identity module (USIM) and
be identified by a unique subscription permanent identifier (SUPI) or international
mobile subscriber identity (IMSI), depending on the cellular communication
system. SUPI comprises a mobile country code (MCC), a mobile network code
(MNC), and a mobile subscription identification number (MSIN). The terminal
device may additionally have one or more equipment identifiers, depending on
hardware of the terminal device. Examples of the equipment identifier are
international mobile equipment identifier (IMEI) and a permanent equipment
identifier (PEI). In an example, the terminal device may operate one connection
with a cellular communication system via one subscriber identifier and one
equipment identifier and, additionally, operate another connection with
substantially the same or different cellular communication system via another
subscriber identifier and the same or another equipment identifier. A subscriber
identifier may be linked to an equipment identifier in a network node of a cellular
communication system during a connection.

The connection(s) may comprise the RRC connection specified in 3GPP
specifications, for example. The connection may be generally understood as a part
of a cellular communication service established for the terminal device to gain
access to the cellular communication system and to other communication

networks. A terminal device with multiple subscriber identities (a MUSIM terminal
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device) may be registered to the cellular communication system and operate in any
one of the RRC states (RRC_idle, RRC_inactive, or RRC_connected) with one or more
subscription identities. When a network node of the cellular communication
system is not aware that these multiple subscription identities are co-located in
substantially the same terminal device, the network node may be unable to
optimize certain procedures and, instead, may treat the subscription identifiers of
the user terminal independently.

Figures 3 and 4 illustrate some embodiments for sharing the
information on the multiple subscriber identifiers of a terminal device between a
mobility management node and another network node of the cellular
communication system. In the embodiments, the information is shared during a
handover procedure of the terminal device. Figure 3 illustrates a process for the
mobility management node controlling multiple access nodes, while Figure 4
illustrates a process for a target network node. The target network node may be an
access node of the cellular communication system or another mobility
management node, as described in embodiments below.

Referring to Figure 3, the process comprises: storing (block 300) atleast
two subscriber identifiers; and transmitting (block 304), to a target network node
during setup (block 302) of a bearer for a first subscriber identifier of the at least
two subscriber identifiers, a message comprising at least a second subscriber
identifier of the at least two subscriber identifiers.

In an embodiment, the multiple subscriber identifiers are stored in a
subscriber identifier database 310 stored in a memory of the mobility management
node or in a repository accessible to the mobility management node. The database
310 may store a record 312 for the terminal device (UE1) and a similar record 314
for other terminal devices served by the mobility management node. The record
312 may store, in connection with the terminal device, one or more equipment
identifiers (e.g. PEI1) of the terminal device and the multiple subscriber identifiers
(e.g. SID1, SID2) of the terminal device. In case the terminal device has multiple
equipment identifiers, the record 312 may also store mappings between the
subscriber identifiers and the equipment identifiers. For example, the record may
store, per at least one equipment identifier, one or more subscriber identifiers
linked to the equipment identifier. The mobility management node may share the
equipment identifier(s) of the terminal device together with the subscriber
identifier(s) in the message transmitted in block 304 and, in some embodiments,

also the mapping between the subscriber identifier(s) and the equipment
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identifier(s). The mapping may indicate, for one or more or all shared subscriber
identifiers an equipment identifier currently used by the respective subscriber
identifier for an RRC connection. In an embodiment, the database 310 also stores
an identifier of an access node currently serving at least some of the subscriber
identifiers. For example, one access node may serve the first subscriber identifier
while another access node may serve the second subscriber identifier, and the
database may store the identifier(s) of the access node(s) serving the subscriber
identifier(s) other than the first subscriber identifier. This information may also be
shared to the target network node in block 304.

Referring to Figure 4, the process in the target network node comprises:
receiving (block 400), from a mobility management node, a message during setup
of a bearer for a first subscriber identifier, the message comprising atleast a second
subscriber identifier different from the first subscriber identifier; storing (block
402) the first subscriber identifier and the second identifier; and performing (block
404) at least one procedure using the second identifier.

The target network node may maintain a similar identifier database 410
as the source network node and update the database 410 in step 402. As a result of
the procedure of Figures 3 and 4, the record 412 of the terminal device in the
database 410 is updated to have a higher correlation with the record 312 in the
database 310. The record 412 may be updated with substantially the same
information as in the record 312 by delivering the one or more subscriber
identifiers of the terminal device to the target network node. The databases 310,
410 may still store different records because the network nodes serve different
terminal devices.

In an embodiment, upon completing the setup of the bearer or upon
delivering the other subscriber identifiers that are not subject to the bearer setup
to the target network node, the mobility management node may still maintain the
record 212 of the terminal device for later use. In case the bearer setup relates to a
handover between the mobility management nodes 200, 202, the mobility
management node operating as a source for the handover and executing the
process of Figure 3 may delete the record upon completing the process of Figure 3.
It may, however, maintain the record 312 for a certain period of time in preparation
for a potential handover back to the source node 200, or until the target network
node 202 indicates release of a context of the terminal device to the source node
200.
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As described above, the second subscriber identifier is transferred from
the mobility management node to the target network node during a bearer setup
for the first subscriber identifier. In an embodiment, the second subscriber
identifier has no bearer operational or being set up, and/or no handover procedure
pending during transmission of the message (steps 304 and 400). The second
subscriber identifier may be idle at this stage, or it may have an operational bearer.

The above-described embodiments enable the network nodes to share
the information on multi-SIM (MUSIM) capability of the terminal device. As aresult,
the procedures using the MUSIM capability information may gain benefits
immediately upon establishing a bearer for the terminal device, e.g. upon handing
the terminal device over to the target network node. This cooperation provides an
improvement to a solution where the network nodes would have to independently
detect the MUSIM capability, and the improvement may be gained in terms of
reduced signalling in radio interface and in the S1/NG interface, and improved
performance in the procedures using the MUSIM capability information.

In an embodiment, the second subscriber identifier is associated with a
RRC connection that is in an idle state (RRC_idle).

In an embodiment, the second subscriber identifier is associated with a
RRC connection that is in an inactive state (RRC_inactive).

In an embodiment, the second subscriber identifier is associated with a
RRC connection that is in a connected state (RRC_connected).

In some embodiments, the second subscriber identifier is linked to the
substantially same equipment identifier as the first subscriber identifier. In other
embodiments, the second subscriber identifier is linked to a different equipment
identifier than the first subscriber identifier.

In an embodiment, the message transferred in blocks 304, 400 further
comprises at least one equipment identifier of the terminal device. The message
may also include information that maps at least one subscriber identifier of the
terminal device to at least one equipment identifier.

In an embodiment, at least one further subscriber identifier of the
terminal device is transmitted in block 304 and received in block 400. In an
embodiment, some or all the subscriber identifiers of the terminal device that are
known to the mobility management node are transferred to the target network
node during the bearer setup.

In an embodiment, the first subscriber identifier and the second

subscriber identifier are subscriber identifiers of substantially the same public
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land mobile network (PLMN). In another embodiment, the first subscriber
identifier and the second subscriber identifier are subscriber identifiers of
different public land mobile networks. Depending on the PLMN of the second
subscriber identifier, the procedure executed in block 404 may be different. Some
embodiments are described below.

In an embodiment, the message is transmitted and received over an S1
or NG interface or an S10 or NG14 interface, depending on the embodiment and
configuration of the cellular communication system. LTE systems may employ the
X2 interface while 5G networks may employ the Xn interface between the mobility
management node and access nodes. In embodiments where the MUSIM
information is transferred between the mobility management nodes, the interface
may be an S10 or NG14 interface.

In an embodiment, the bearer setup is a part of a handover of the first
subscriber identifier from one access node to another access node wherein a
handover of a non-access stratum connection is involved. In such an embodiment,
the mobility management node may determine whether or not the handover of the
non-access stratum is internal to the mobility management node and, on the basis
of the determination, the mobility management node may select the target network
node to which to transmit the MUSIM information. Figure 5 illustrates a procedure
according to this embodiment.

Referring to Figure 5, the mobility management node 200 may establish
a connection with the other mobility management node 202 via S10 or NG14
interface in step 500. This connection enables cooperation and communication
between the mobility management nodes 200, 202. In step 502, the mobility
management node 200 establishes an S1 or NG connection with an access node, e.g.
the access nodes 104 and 104A. In block 504, the mobility management node 200
establishes a non-access stratum connection for the first subscriber identifier
(SID1) of the terminal device 100 via the access node 104. During the connection,
the mobility management node 200 may detect that the terminal device 100 has
multiple subscriber identifiers and, as a consequence, executes block 300. The
detection may be based on establishment of second non-access stratum connection
with the second (or further) subscriber identifier of the terminal device. The
detection that the two (or more) subscriber identifiers are associated with the
substantially same terminal device may be based on establishing the multiple non-
access stratum connections with different subscriber identifiers but the

substantially same equipment identifier, for example. The mapping of the multiple
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subscriber identifiers to the substantially same terminal device may be carried out
in another manner as well.

In block 508, the mobility management node receives a handover
request from an access node 104 serving the first subscriber identifier. The
handover request may be a request for handover of an S1/NG connection of the
first subscriber identifier. Upon receiving the handover request, the mobility
management node may determine in block 510 whether or not the S1/NG
handover is internal to the mobility management node. The determination may be
based on determining whether or not a target cell of the handover belongs to a
target access node controlled by the mobility management node. If target access
node is under the control of the mobility management node, the handover is
internal, otherwise it is not. If the handover is internal, the process may proceed to
step 512 where the mobility management node transmits to the target access node
a handover message indicating the handover of the first subscriber identifier and
further comprising at least the second subscriber identifier of the terminal device.
In response to receiving the handover message comprising the further subscriber
identifier(s), the target access node may perform blocks 400 to 404 and, then, the
procedure may end with respect to the transfer of the MUSIM information. If the
handover is not internal to the mobility management node, the process may
proceed to step 514 where the mobility management node transmits a handover
message to another mobility management node that is a target of the handover.
Similarly, the handover message may indicate the handover of the first subscriber
identifier and further comprise at least the second subscriber identifier of the
terminal device. In response to receiving the handover message comprising the
further subscriber identifier(s), the target mobility management node may
perform blocks 400 to 404 and, then, the procedure may end with respect to the
transfer of the MUSIM information.

In an embodiment, the handover request transferred in step 512 over

the NG interface and carrying the subscriber identifiers has the following structure:

HandoverRequest-1Es NGAP-PROTOCOL-IES ::={

{ID id-AMF-UE-NGAP- | CRITICALITY TYPE AMF-UE- | PRESENCE
ID reject NGAP-ID mandatory}|

{ID id-HandoverType CRITICALITY TYPE PRESENCE

reject HandoverType mandatory}|
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{ID id-Cause CRITICALITY TYPE Cause PRESENCE
ignore mandatory}|
{ID id- CRITICALITY TYPE PRESENCE
UEAggregateMaximum | reject UEAggregateMax | mandatory}|
BitRate imumBitRate
{ID id- | CRITICALITY TYPE PRESENCE
CoreNetworkAssistance | ignore CoreNetworkAss | optional H
InformationForlnactive istancelnformati
onForlnactive
{ ID id- | CRITICALITY TYPE PRESENCE
UESecurityCapabilities | reject UESecurityCapa | mandatory}|
bilities
{ID id-SecurityContext | CRITICALITY TYPE PRESENCE
reject SecurityContext | mandatory}|
{ ID id- | CRITICALITY TYPE PRESENCE
NewSecurityContextlnd | reject NewSecurityCon | optional}|
textind
{ID id-NASC CRITICALITY TYPE NAS-PDU | PRESENCE
reject optional H
{ ID id- | CRITICALITY TYPE PRESENCE
PDUSessionResourceSe | reject PDUSessionReso | mandatory}|
tupListHOReq urceSetupListHO
Req
{ID id-AllowedNSSAI CRITICALITY TYPE PRESENCE
reject AllowedNSSAI mandatory}|
{ID id-TraceActivation | CRITICALITY TYPE PRESENCE
ignore TraceActivation | optional H
{ID id-MaskedIMEISV | CRITICALITY TYPE PRESENCE
ignore MaskedIMEISV optional H
{ ID id- | CRITICALITY TYPE  MUSIM- | PRESENCE
MUSIMMaskedIMEISV | ignore MaskedIMEISVLi | optional }|
st
{ ID id-SourceToTarget- | CRITICALITY TYPE PRESENCE
TransparentContainer | reject SourceToTarget- | mandatory}|
TransparentCont
ainer
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{ ID id- | CRITICALITY TYPE PRESENCE
MobilityRestrictionList | ignore MobilityRestricti | optional H
onList
{ ID id- | CRITICALITY TYPE PRESENCE
LocationReportingRequ | ignore LocationReporti | optional H
estType ngRequestType
{ ID id- | CRITICALITY TYPE PRESENCE
RRClInactiveTransition | ignore RRClnactiveTran | optional H
ReportRequest sitionReportReq
uest
{ID id-GUAMI CRITICALITY TYPE GUAMI PRESENCE
reject mandatory}|
{ID id- | CRITICALITY TYPE PRESENCE
RedirectionVoiceFallba | ignore RedirectionVoice | optional H
ck Fallback
{ ID id- | CRITICALITY TYPE PRESENCE
CNAssistedRANTuning | ignore CNAssistedRANT | optional H
uning
{ ID id- | CRITICALITY TYPE PRESENCE
SRVCCOperationPossibl | ignore SRVCCOperation | optional H
e Possible
}
MUSIM-MaskedIMEISVList ::= SEQUENCE {
MaskedIMEISV BIT STRING (SIZE(64))
}

10

In an embodiment, the information element MUSIM-MaskedIMEISVList
comprises the second and optionally further subscriber identifier(s) of the
terminal device. The information element may also carry other identifiers related
to the subscriber identifiers, e.g. the one or more equipment identifiers such as
IMEI or PEL The target access node may employ this information in the various
procedures when executing block 404. The handover request transferred in step
514 over the NG14 interface and carrying the subscriber identifiers may have a
corresponding structure, although configured to the protocol of the different

interface.
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In an embodiment, the mobility management node transmits atleast the
second subscriber identifier (the MUSIM information) to the second network node
in an unsolicited manner. In other words, the mobility management node may
transmit the MUSIM information of the terminal device without knowledge of
whether the target network node will utilize or even accept the MUSIM
information. Figure 6 illustrates such a procedure in the context of internal S1/NG
handover. A similar unsolicited transfer of the MUSIM information may be carried
out when the handover is between the mobility management nodes 200, 202.

Referring to Figure 6, the mobility management node 200 may receive
a handover request from an access node 104 serving the first subscriber identifier
(SID1) of the terminal device 100 to an access node 104A having no direct interface
with the access node 104 (step 600). The handover request may be a S1/NG
handover needed message specified in the 3GPP specifications. In response to the
reception in step 600, the mobility management node 200 may transmit a
handover request to the access node 104A in step 602. This handover request may
indicate that the handover is for the first subscriber identifier and additionally
include the MUSIM information, e.g. the second subscriber identifier (SID2) and/or
further subscriber identifiers of the terminal device. The handover request
transferred in step 602 may be an S1/NG handover request. Upon receiving the
handover request, the access node 104A may start preparations for the handover
in a conventional manner and, additionally, store the second (and further)
subscriber identifiers (step 402). If the access node 104A does not support the
utilization of the MUSIM information, the access node 104A may discard the second
(and further) subscriber identifiers. The access node 104A may respond to the
handover request with a handover request acknowledgment message in step 604.
The acknowledgment may indicate that the access node 104A is ready for the
handover. In step 606, the mobility management node may then issue an S1/NG
handover command to the access node, thus triggering execution of the handover.

In another embodiment, the mobility management node transmits at
least the second subscriber identifier (the MUSIM information) to the second
network node in a solicited manner. In such embodiments, the mobility
management node and the target network node may first negotiate of the transfer
of the MUSIM information of the terminal devices where the nodes agree on
whether or not to share the MUSIM information. If it is agreed that the target
network node will accept the MUSIM information, the mobility management node

may be configured to share the MUSIM information in connection with a bearer
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setup for terminal devices having multiple subscriber identifiers. On the other
hand, if it is agreed that the target network node will not accept the MUSIM
information, the mobility management node may be configured to not share the
MUSIM information, if such is available to a certain terminal device. Figures 7 and
8 illustrate such embodiments. Figure 7 illustrates an embodiment where the
bearer setup is for establishment of a new connection for the first subscriber
identifier, while Figure 8 illustrates a procedure where the bearer setup is for a
handover of the first subscriber identifier and where at least a new radio bearer is
established for the first subscriber identifier between the terminal device and the
target access node 104A.

Referring to Figure 7, an access node 104 or 104A establishes an S1 or
NG connection with the mobility management node 200 in block 700. The
establishment may include the access node transmitting an S1/NG setup request
to the mobility management node in step 702. The request may include at least one
information element indicating to the mobility management node whether or not
the access node accepts the MUSIM information. Table below illustrates an

embodiment of the NG setup request

NGSetupRequest ::= SEQUENCE {

protocollEs ProtocollE-Container {{NGSetupRequestlEs} },

}

NGSetupRequestlEs NGAP-PROTOCOL-IES ::= {

{ID id- CRITICALITY | TYPE PRESENCE

GlobalRANNodelD reject GlobalRANNodelD mandatory}|

{ID id-RANNodeName | CRITICALITY | TYPE RANNodeName | PRESENCE

ignore optional}|

{ID id- CRITICALITY | TYPE PRESENCE

SupportedTAList reject SupportedTAList mandatory}|

{ID id- CRITICALITY | TYPE PagingDRX PRESENCE

DefaultPagingDRX ignore mandatory}|
{ID id- CRITICALITY | TYPE PRESENCE

UERetentionInformati | ignore UERetentionInformat | optional },

on ion

{ID id- OCTET PRESENCE

MUSimCapabilitylnfo | STRING OPTIONAL},
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}
MUSIM-MaskedIMEISVList ::= SEQUENCE {
MaskedIMEISV BIT STRING (SIZE(64))
}

Upon receiving the setup request, the mobility management node may
store the information on whether or not the access node accepts the MUSIM
information and responds to the setup request with an S1/NG setup response
message in step 704. Let us at this stage assume that the mobility management
node has acquired the information that the terminal device 100 has multiple
subscriber identifiers SID1 and SID2 (and further). Upon triggering an attachment
procedure for SID1 in block 706, e.g. upon receiving a non-access stratum attach
request for the SID1 from the terminal device, the mobility management node may
check whether or not the access node delivering the attach request accepts the
MUSIM information. If the access node accepts the MUSIM information, the
mobility management node may transmit (step 708) to the access node an initial
UE context setup request for SID1, wherein the request includes the MUSIM
information (at least SID2). Upon receiving the request, the access node may then
carry out block 402 and store the MUSIM information. On the other hand, if the
access node does not accept the MUSIM information, the mobility management
node may transmit to the access node an initial UE context setup request for SID1
without the MUSIM information. In both cases, the access node may respond to the
request with an initial UE context setup response message in step 710, as specified
in the 3GPP specifications.

In an embodiment, the initial UE context setup request transferred in
step 708 and including the MUSIM information may have the following structure.

InitialContextSetupRequest ::= SEQUENCE {
protocollEs ProtocollE-Container { {InitialContextSetupRequestlEs} },

}
InitialContextSetupRequestlEs NGAP-PROTOCOL-IES ::= {

{ID id-AMF-UE-NGAP- | CRITICALITY | TYPE AMF-UE-NGAP- | PRESENCE
ID reject ID mandatory }|
{ID id-RAN-UE-NGAP- | CRITICALITY | TYPE RAN-UE-NGAP- | PRESENCE
ID reject ID mandatory }|
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{ID id-OldAMF CRITICALITY | TYPE AMFName PRESENCE
reject optional }|
{ID id- CRITICALITY | TYPE PRESENCE
UEAggregateMaximu | reject UEAggregateMaximu | conditional }|
mBitRate mBitRate
{ID id- CRITICALITY | TYPE PRESENCE
RRClnactiveAssistanc | ignore RRClInactiveAssistanc | optional }|
elnformation elnformation
{ID id-GUAMI CRITICALITY | TYPE GUAMI PRESENCE
reject mandatory }|
{ID id- CRITICALITY | TYPE PRESENCE
PDUSessionResourceS | reject PDUSessionResource | optional }|
etupListCxtReq SetupListCxtReq
{ID id-AllowedNSSAI | CRITICALITY | TYPE AllowedNSSAl | PRESENCE
ignore mandatory }|
{ID id- CRITICALITY | TYPE PRESENCE
UESecurityCapabilitie | reject UESecurityCapabiliti | mandatory }|
S es
{ID id-SecurityKey CRITICALITY | TYPE SecurityKey PRESENCE
reject mandatory }|
{ID id- CRITICALITY | TYPE PRESENCE
TraceActivation ignore TraceActivation optional }|
{ID id- CRITICALITY | TYPE PRESENCE
MobilityRestrictionLis | ignore MobilityRestrictionLi | optional }|
t st
{ID id- CRITICALITY | TYPE PRESENCE
UERadioCapability ignore UERadioCapability optional }|
{ID id-IndexToRFSP CRITICALITY | TYPE IndexToRFSP PRESENCE
ignore optional }|
{ID id-MaskedIMEISV | CRITICALITY | TYPE MaskedIMEISV | PRESENCE
ignore optional }|
{ID id- CRITICALITY | TYPE MUSIM- PRESENCE
MUSIMMaskedIMEISV | ignore MaskedIMEISVList optional }|
{1D id-NAS-PDU CRITICALITY | TYPE NAS-PDU PRESENCE
ignore optional }|
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{ID id- CRITICALITY | TYPE PRESENCE
EmergencyFallbackln | reject EmergencyFallbackln | optional },
dicator dicator
}
MUSIM-MaskedIMEISVList ::= SEQUENCE {
MaskedIMEISV BIT STRING (SIZE(64))
}

Again, the information element MUSIM-MaskedIMEISVList may carry
the MUSIM information, e.g. the additional subscriber identifier(s) of the terminal
device.

In Figure 8, the same reference numbers as in Figure 7 represent the
same or substantially similar steps, functions, or operations. Referring to Figure 8,
the S1/NG connection may be established in the above-described manner,
including the handshake in steps 702 and 704 to share the information on the
acceptance of the MUSIM information. The establishment may be carried out
between the mobility management node 200 and at least the access node 104A that
is the target access node. A similar procedure may be carried out between the
mobility management node 200 and the access node 104 for the purpose of setting
up bearers for terminal devices through the access node 104.

In step 800, the access node 104 may transmit the handover request to
the mobility management node, requesting for S1/NG handover for the SID1. The
handover request may be a S1/NG handover needed message, indicating SID1 and
the target access node 104A. Upon receiving the handover request in step 800, the
mobility management node may check whether or not the access node 104A that
is the target of the handover accepts the MUSIM information. If the access node
104A accepts the MUSIM information, the mobility management node may
transmit (step 802) to the access node 104A a handover request indicating a
handover for SID1, wherein the handover request includes the MUSIM information
(at least SID2). Upon receiving the request, the access node 104A may then carry
out block 402 and store the MUSIM information. On the other hand, if the access
node 104A does not accept the MUSIM information, the mobility management node
may transmit to the access node the handover request for SID1 without the MUSIM
information. In both cases, the access node may respond to the request with an

S1/NG handover request acknowledgment message in step 804, as specified in the
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3GPP specifications. This may indicate to the mobility management node that the
access node 104A is ready for the handover and, as a consequence, the mobility
management node may trigger the handover by transmitting a handover command
to the source access node 104 in step 806.

Figure 9 illustrates an embodiment for sharing the MUSIM information
between the mobility management nodes 200, 202 in connection with inter-
mobility-management-node handover of the first subscriber identifier. When the
S1/NG handover is triggered by the mobility management node 200 in block 900,
the mobility management node 200 may transmit to the mobility management
node 202 that is the target network node a relocation request (step 902) for
relocating the non-access stratum connection of the first subscriber identifier SID1
to the mobility management node 202. The relocation request may be a forward
relocation request specified in the 3GPP specifications, for example. The relocation
request may comprise the second subscriber identifier and, optionally, further
subscriber identifiers of the terminal device of SID1, similar to the other
embodiments described herein. Upon receiving the relocation request in step 902,
the mobility management node 202 may carry out block 402 and store the MUSIM
information. According to the protocol, the mobility management node 202 may
respond to the relocation request by transmitting a relocation response in step 904
to confirm the relocation of the connection of SID1. Figure 9 illustrates the
unsolicited transmission of the MUSIM information but, in embodiments using the
solicited transmission of the MUSIM information, a procedure similar to that of
steps 702 and 704 may be carried out between the mobility management nodes.

Let us then describe some embodiments of block 404 with reference to
Figure 10. In an embodiment, the procedure using the second subscriber identifier
delivered in the handover message is a paging procedure for the second subscriber
identifier, and the target network node reduces a paging area by using the second
subscriber identifier. Conventionally, a preset paging area is defined for paging a
certain subscriber identifier. The preset paging area may be a tracking area
comprising a certain number of cells and/or certain number of access nodes that
page for the subscriber identifier. Now that the network node has linked the second
subscriber identifier with the first subscriber identifier that was handed over to
the network node or for which the bearer was set up, as described above, the
network node may map the location of the second subscriber identifier to a location
of the first subscriber identifier by using the mapping and, with the more accurate

positioning of the second subscriber identifier, the network node may reduce the
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paging area smaller than the tracking area. For example, the paging area may be
reduced to an area covering the cell to which the first subscriber identifier was
handed over or where the bearer was set up and, optionally, to cells neighbouring
the cell. Figure 10 illustrates such an embodiment.

Referring to Figure 10, upon receiving a paging message paging for the
second subscriber identifier (SID2) in block 1000, the network node may first
determine whether or not the second subscriber identifier is currently served by
the network node. If the second subscriber identifier is served by the network
node, the network node may page for the terminal device in a control area of the
network node, e.g. in a cell where the second subscriber identifier is determined to
be located or in a group of cells. However, if the second subscriber identifier is not
currently served by the network node, e.g. the second subscriber identifier is
currently operating in an RRC idle state, the network node may check in block 1002
the database 410 for whether the second subscriber identifier is mapped there to
a subscriber identifier that is currently served by the network node (SID1). Upon
detecting that the second subscriber identifier is linked to a subscriber identifier
served by the network node, the network node may use the location of such a
subscriber identifier as a location of the second subscriber identifier and reduce
the paging area to that location or area in block 1006. Upon detecting no mapping
with another subscriber identifier served by the network node, the network node
may page for the second subscriber identifier in the larger, default paging area in
block 1004. The network node may be the access node or the mobility management
node, as described above.

In an embodiment, the mapping between the first subscriber identifier
and the second subscriber identifier in the database 410 is used to position the
second subscriber identifier for another purpose than paging. The cellular
communication systems use positioning for various purposes, and the
embodiments enable using the mapping to position, for example, a subscriber
identifier that is currently idle. One purpose of the positioning is location-based
services provided as applications to a user of the terminal device. Another purpose
is positioning of the terminal device and the second subscriber identifier for the
purposes of a police or another authority.

Figure 11 illustrates yet another embodiment for sharing the MUSIM
information between the mobility management node and the access node
controlled by the mobility management node. In particular, the procedure of Figure

11 illustrates an embodiment of a method for the mobility management node to
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acquire the MUSIM information of a terminal device from an access node. Referring
to Figure 11, upon triggering acquisition of MUSIM information for a given terminal
device having the first subscriber identifier SID1 known to the mobility
management node, the mobility management node may transmit a location
reporting control message to the access node currently known to serve the SID1.
The location reporting control message may comprise an information element
indicating that the mobility management node accepts or requests for the MUSIM
information. Table below indicates an embodiment of the location reporting
control message as modified from a location reporting control message specified
in the 3GPP specifications for 5G.

LocationReportingControl ::= SEQUENCE {

protocollEs  ProtocollE-Container {{LocationReportingControllEs} },
}

LocationReportingControllEs NGAP-PROTOCOL-IES ::= {

{ID id-AMF-UE-NGAP- | CRITICALITY | TYPE AMF-UE-NGAP- | PRESENCE
ID reject ID mandatory}|
{ID id-RAN-UE-NGAP- | CRITICALITY | TYPE RAN-UE-NGAP- | PRESENCE
ID reject ID mandatory}|
{ID id- CRITICALITY | TYPE PRESENCE
LocationReportingReq | ignore LocationReportingRe | mandatory},
uestType questType

{ID id- CRITICALITY | TYPE OCTET STRING | PRESENCE
MUSimCapabilitylnfo | ignore mandatory},
}

MUSIM-MaskedIMEISVList ::= SEQUENCE {

MaskedIMEISV BIT STRING (SIZE(64))

}

The information element indicating that the mobility management node
accepts or requests for the MUSIM information is the MUSimCapabilitylnfo. Upon
receiving the location reporting control message indicating SID1 and the
request/acceptance of the MUSIM information, the access node may check its
database for further subscriber identifiers mapped to SID2, e.g. SID2, and transmit



WO 2022/013481 PCT/F12021/050462

10

15

20

25

30

35

28

such subscriber identifier(s) to the mobility management node in a location report
message in step 1104. In this manner, the subscriber identifiers even in an RRC idle
state such as SID2 may be transferred as the MUSIM information to the mobility
management node.

Figure 12 illustrates an embodiment of a structure of the above-
mentioned functionalities of an apparatus executing the functions of the target
network node that receives the MUSIM information and uses it to improve one or
more procedures with the MUSIM information in the embodiments described
above, e.g. the process of Figure 4 or any one of embodiments thereof. As described
above, the apparatus for the access node or for the mobility management node. In
an embodiment, the apparatus may be a circuitry or an electronic device realizing
some embodiments of the invention in such a network node. The apparatus
carrying out the above-described functionalities may thus be comprised in such a
device, e.g. the apparatus may comprise a circuitry such as a chip, a chipset, a
processor, a micro controller, or a combination of such circuitries for the network
node.

Referring to Figure 12, the apparatus may comprise a communication
controller 10 providing the apparatus with capability of performing the above-
described functions of the network node. Depending on whether the apparatus is
for the access node or for the mobility management node, the functions and
configurations of the communication controller may be different. In some
embodiments, e.g. when the apparatus comprises or is for the access node, the
apparatus may comprise a radio interface 21 providing the apparatus with radio
communication capability, and the communication controller 10 may employ the
radio interface 21. The radio interface 21 may enable wireless communications
with terminal devices served by the access node. The radio interface 21 may
comprise multiple antennas and associated analogue components needed for
transmitting and receiving radio signals, e.g. an amplifier, filter, frequency-
converter, and an analogue-to-digital converter. The communication controller 10
and/or the radio interface 21 may comprise a radio modem configured to carry out
transmission and reception of messages in one or more cells controlled by the
network node. In some embodiments, the radio interface 21 is used for
communicating with the other network nodes, e.g. wireless X2 or Xn interface.
Embodiments where the apparatus is for the mobility management node in the

core network, the radio interface 21 may be omitted.
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In some embodiments, the apparatus comprises a second
communication interface 22 configured to provide the apparatus with capability of
communicating with other network nodes, e.g. with network nodes of the core
network 110 and/or with access nodes of the cellular communication system. In
some embodiments, the communication interface 22 may also be used to
communicate with the network nodes of other PLMNs via wired connections. In the
context of 5G networks, the communication interface 22 may be configured to
communication over an NG and/or NG14 interface.

The communication controller 10 may comprise at least one processor
or a processing circuitry. The apparatus may further comprise amemory 20 storing
one or more computer program products 24 configuring the operation of said
processor(s) of the apparatus. The memory 20 may be implemented using any
suitable data storage technology, such as semiconductor-based memory devices,
flash memory, magnetic memory devices and systems, optical memory devices and
systems, fixed memory and removable memory. The memory 20 may further store
a configuration database 26 storing operational configurations of the apparatus.
The configuration database 26 may, for example, store the rules for optimizing the
procedures described above in connection with block 404 upon having the MUSIM
capability information available. The memory 20 may further store the database
310/410 storing the MUSIM information, e.g. the multiple subscriber identifiers
mapped to substantially the same terminal device.

The communication controller 10 may comprise, as sub-modules or
sub-circuitries, a subscriber identifier manager 14 and a NAS/RRC controller 12. In
the embodiments where the apparatus is for the access node, the controller 12 may
be the RRC controller managing the RRC connections in one or more cells
controlled by the access node. In embodiments where the apparatus is for the
mobility management node, the controller 12 may be the NAS controller managing
the non-access stratum (NAS) connections. The controller 12 may also carry out
handover procedures for handing over terminal devices between network nodes,
as described above. The subscriber identifier manager 14 may cooperate with
other network nodes in sharing the information on the multiple subscriber
identifiers of individual terminal devices served by the apparatus. For example, the
subscriber identifier manager 14 may comprise a SID distributor 16 configured to
perform the process of Figure 3 or any one of its embodiments when establishing
a bearer for a terminal device with multiple subscriber identifiers. The SID

distributor may be comprised in the mobility management node, as described in
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several embodiments above, and it can also be comprised in the embodiments
where the access node implements the sharing, e.g. the procedure of Figure 11. The
subscriber identifier manager 14 perform the process of Figure 4 or any one of its
embodiments when receiving a handover of or establishing a bearer for a terminal
device with multiple subscriber identifiers.

The subscriber identifier manager 14 may comprise a subscriber
identifier (SID) collector 16 configured to manage the database 410 or 310,
depending on the embodiment. For example, upon receiving the handover message
comprising the information element indicating multiple subscriber identifiers for
a terminal device being handed over, the subscriber identifier collector 16 may
extract the multiple subscriber identifiers from the handover message and update
the database 410 in the above-described manner. The subscriber identifier
manager 14 or the communication controller 10 in general may further comprise
a procedure optimizer 18 that selects parameters for a procedure such as paging
or positioning of a terminal device on the basis of whether the database 410 stores
the multiple subscriber identifiers for a terminal device. The parameters may
define, for example, a reduced paging area for a subscriber identifier that is linked
to another subscriber identifier in the database 410, as described above.

As used in this application, the term ‘circuitry’ refers to one or more of
the following: (a) hardware-only circuit implementations such as implementations
in only analog and/or digital circuitry; (b) combinations of circuits and software
and/or firmware, such as (as applicable): (i) a combination of processor(s) or
processor cores; or (ii) portions of processor(s)/software including digital signal
processor(s), software, and at least one memory that work together to cause an
apparatus to perform specific functions; and (c) circuits, such as a
microprocessor(s) or a portion of a microprocessor(s), that require software or
firmware for operation, even if the software or firmware is not physically present.

This definition of ‘circuitry’ applies to uses of this term in this
application. As a further example, as used in this application, the term “circuitry”
would also cover an implementation of merely a processor (or multiple
processors) or portion of a processor, e.g. one core of a multi-core processor, and
its (or their) accompanying software and/or firmware. The term “circuitry” would
also cover, for example and if applicable to the particular element, a baseband
integrated circuit, an application-specific integrated circuit (ASIC), and/or a field-
programmable grid array (FPGA) circuit for the apparatus according to an

embodiment of the invention.
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The processes or methods described in Figures 3 to 11 or any of the
embodiments thereof may also be carried out in the form of one or more computer
processes defined by one or more computer programs. A separate computer
program may be provided in one or more apparatuses that execute functions of the
processes described in connection with the Figures. The computer program(s) may
be in source code form, object code form, or in some intermediate form, and it may
be stored in some sort of carrier, which may be any entity or device capable of
carrying the program. Such carriers include transitory and/or non-transitory
computer media, e.g. a record medium, computer memory, read-only memory,
electrical carrier signal, telecommunications signal, and software distribution
package. Depending on the processing power needed, the computer program may
be executed in a single electronic digital processing unit or it may be distributed
amongst a number of processing units.

Embodiments described herein are applicable not just to wireless
networks defined above but also to other wireless networks. The protocols used,
the specifications of the wireless networks and their network elements develop
rapidly. Such development may require extra changes to the described
embodiments. Therefore, all words and expressions should be interpreted broadly
and they are intended to illustrate, not to restrict, the embodiment. It will be
obvious to a person skilled in the art that, as technology advances, the inventive
concept can be implemented in various ways. Embodiments are not limited to the

examples described above but may vary within the scope of the claims.
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Claims

1.

An apparatus for a mobility management node controlling a plurality of access

nodes, comprising means for performing:

storing at least two subscriber identifiers; and

transmitting, to a target network node during setup of a bearer for a first
subscriber identifier of the at least two subscriber identifiers, a message
comprising at least a second subscriber identifier of the at least two subscriber

identifiers.

The apparatus of claim 1, wherein the means are configured to receive, from
an access node of the plurality of access nodes, a handover request message
requesting a handover procedure for the first subscriber identifier and to
transmit the message in response to the handover request message, wherein

the setup of the bearer is a part of the handover procedure.

The apparatus of claim 2, wherein the access node is a first access node
controlled by the apparatus and the target network node is a second access

node controlled by the apparatus.

The apparatus of claim 2, wherein said mobility management node is a first
mobility management node, and wherein the target network node is a second

mobility management node different from the first mobility management node.

The apparatus of any preceding claim 2 to 4, wherein the handover message is

a further handover request message addressed to the target network node.

The apparatus according to any preceding claim, wherein the means are
configured to:

receive, before said setup of the bearer has been initiated, from the target
network node a setup message comprising at least one information element
indicating whether or not the target network node accepts information on

multiple subscriber identifiers;
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transmit the message in response to the setup message indicating that the
target network node accepts the information on multiple subscriber

identifiers.

The apparatus of any preceding claim, wherein the message further comprises
at least one equipment identifier and information mapping the first identifier

and the at least second identifier to the at least one equipment identifier.

An apparatus for a network node, comprising means for performing:

receiving, from a mobility management node controlling a plurality of access
nodes, a message during setup of a bearer for a first subscriber identifier, the
message comprising at least a second subscriber identifier different from the

first subscriber identifier;

storing the first subscriber identifier and the second identifier; and

performing at least one procedure using the second identifier.

The apparatus of claim 8, wherein the message is a handover message.

The apparatus of claim 8 or 9, wherein the network node is an access node, and
wherein the means are configured to setup the bearer between the access node

and the mobility management node.

The apparatus of claim 8 or 9, wherein the mobility management node is a first
mobility management node and the network node is a second mobility
management node different from the first mobility management node, and
wherein the means are configured to setup the bearer between the second
mobility management node and an access node controlled by the second

mobility management node.

The apparatus of claim 8 or 9, wherein the means are configured to:
transmit, to the mobility management node before said setup of the bearer has
been initiated, a setup message comprising at least one information element

indicating whether or not the apparatus accepts information on multiple
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subscriber identifiers; and

receive the message in response to indicating that the apparatus accepts the

information on multiple subscriber identifiers.

The apparatus of any preceding claim 1 to 12, wherein the means comprise at
least one processor and at least one memory including computer program
code, wherein the at least one memory and computer program code are
configured, with the at least one processor, to cause the performance of the

apparatus.

14. A method comprising:

15.

storing, in a mobility management node, atleast two subscriber identifiers; and

transmitting, by the mobility management node to a target network node
during setup of a bearer for a first subscriber identifier of the at least two
subscriber identifiers, a message comprising at least a second subscriber

identifier of the at least two subscriber identifiers.

A method comprising:

receiving, by a network node from a mobility management node controlling a
plurality of access nodes, a message during setup of a bearer for a first
subscriber identifier, the message comprising at least a second subscriber

identifier different from the first subscriber identifier;

storing, by the network node, the first subscriber identifier and the second

identifier; and

performing, by the network node, at least one procedure using the second

identifier.

16. A computer program product embodied on a computer-readable medium and

comprising a computer program code readable by a computer, wherein the
computer program code configures the computer to carry out a computer

process comprising all the steps of the method of claim 14 or 15.
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17. An apparatus for a mobility management node controlling a plurality of access
nodes, 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 configured, with the at least one processor, to cause the

apparatus to:

store at least two subscriber identifiers; and

transmit, to a target network node during setup of a bearer for a first subscriber
identifier of the at least two subscriber identifiers, a message comprising at least a

second subscriber identifier of the at least two subscriber identifiers.

18. An apparatus for a network node, 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 configured, with the at least one processor, to

cause the apparatus to:

receive, from a mobility management node controlling a plurality of access nodes,
a message during setup of a bearer for a first subscriber identifier, the message
comprising atleast a second subscriber identifier different from the first subscriber
identifier;

store the first subscriber identifier and the second identifier; and

perform at least one procedure using the second identifier.
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