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METHOD AND ARRANGEMENT FOR CONNECTIVITY IN A COMMUNICATION
NETWORK

Technical field

[0001] The invention relates generally to a method and arrangement for
supporting connectivity of devices in a mobile communications network.

Background

[0002] In the field of mobile communication, a great range of new
communication devices and services have recently been developed and
introduced on the market. Consequently, different devices have different
capabilities and needs for using services and also require different types of
connectivity to communication networks, e.g. depending on requirements related
to bandwidth, quality and delays. The communication devices of today include
anything from advanced user equipments with many functions and great computer
capacity, to very simple so-called “M2M” (Machine-to-Machine) devices e.g.
configured to automatically provide status reports or measurements to a central
enterprise. In this development, the need for differentiated subscription models
has increased to suit such different needs and requirements.

[0003] Itis also common that multiple network operators are active in the same
region operating their own more or less geographically overlapping networks using
proprietary equipment, services and functionality, although mostly based on
standardised products and protocols. However, some operators may share certain
basic equipment such as communication links, power supply, cabinets and
antenna towers, in order to reduce their investment and operational costs.
Moreover, it has been proposed that multiple radio access networks of different
operators can utilize the same infrastructure in terms of core network functions
apart from radio access functions, including resources for e.g. switching, control
and signalling, links, routers, gateways, processors, subscription databases, as
well as nodes for IP (Internet Protocol) connection establishment, policy
enforcement, diagnostics, etc. For example, an SS7 signalling network can be

employed in the infrastructure to be re-used by all the radio access networks.
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[0004] Effectively, operators of the radio access networks, which in this
description will be referred to as “radio access providers”, can hire infrastructure
resources according to a range of subscription models from a network
infrastructure when providing communication services for their subscribers, without
having to invest in such equipment themselves. Further, the term “device”
represents any communication entity capable of radio communication over a

mobile access network, e.g. mobile telephones, computers, M2M devices, etc.

[0005] Fig. 1 illustrates an exemplary scenario where such a shared network
infrastructure 100 is used by multiple radio access providers having their radio
access networks or “RANs” 102 connected to a GGSN (Gateway GPRS Support
Node) of the infrastructure 100. Each RAN 102 may include an SGSN (Serving
GPRS Support Node), not shown, configured to route communications to the
GGSN of infrastructure 100. In this illustration, an enterprise 104 owns an M2M
device “D” which is able to communicate with the enterprise 104, e.g. for
automatically sending status or measurement reports thereto, over any of the
RANs 102 and the infrastructure 100.

[0006] In this arrangement, the infrastructure 100 has disposal of a number of
subscriber identifiers normally referred to as IMSI (International Mobile Subscriber
Identifier) numbers, which can be provisioned in subscriber modules, e.g. SIM
(Subscriber Identity Module) cards, to be installed in the devices for unique
identification of the devices when communicating. An IMS| number is normally
formed as “MCC + MNC + MSIN”, where MCC is a Mobile Country Code of three
digits, MNC is a Mobile Network Code of two or three digits, and MSIN is a Mobile
Subscriber ldentification Number of a maximum of ten digits.

[0007] The radio access providers are thus “customers” with the infrastructure
and subscriber modules provisioned with IMSI numbers are supplied to the radio
access providers associated with subscriptions which are specifically configured
for certain types of devices requiring specific resources in the infrastructure. The
subscriptions can thus be “tailor-made” to suit specific types of devices and/or

enterprises. The radio access providers are then in turn able to sell such
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subscriptions and corresponding subscriber modules to their customers, i.e. end-

users and enterprises having one or more devices.

[0008] However, it has been recognized as a problem that using the given
structure of IMSI numbers above, the devices will not always attach to the correct
radio access network, e.g. the “home” network, and at the same time be
connected to the shared network infrastructure. If the MNC in an IMSI number
used by a device identifies the infrastructure, as currently proposed for such
shared infrastructures, the device will be directed thereto but may on the other
hand attach to any radio access network which may not be the correct one. As a
result, the device will effectively roam by attaching to other, or “visited”, networks
which generates undue costs.

Summary

[0009] Itis an object of the invention to address at least some of the problems
and issues outlined above. It is possible to achieve these objects and others by
using a method and an arrangement as defined in the attached independent

claims.

[00010] According to one aspect, a method is provided in an infrastructure
provider for supporting connectivity of a wireless device to a network
infrastructure. In this method, the infrastructure provider associates a set of device
identification numbers, e.g. MSINs, to a first radio access provider in a
subscription database of the infrastructure provider, and sets the first radio access
provider as a preferred roaming partner in a subscriber module, e.g. a SIM. A
subscriber identifier, e.g. IMSI, in the subscriber module includes at least a
network identifier, e.g. MNC, of the infrastructure provider and one of the device
identification numbers associated to the first radio access provider. The subscriber
module is also provided for use in said wireless device. Thereby, access to the
network infrastructure over a radio access network of the first radio access
provider is enabled in the wireless device based on the subscriber identifier and
the preferred roaming partner in the subscriber module.
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[00011] According to another aspect, an arrangement is provided in an
infrastructure provider configured to support connectivity of wireless devices to a
network infrastructure. This infrastructure provider arrangement comprises an
associating module adapted to associate a set of device identification numbers to
a first radio access provider in a subscription database of the infrastructure
provider. The arrangement also comprises a configuring module adapted to set
the first radio access provider as a preferred roaming partner in a subscriber
module. A subscriber identifier in the subscriber module includes at least a
network identifier of the infrastructure provider and one of the device identification

numbers associated to the first radio access provider.

[00012] The arrangement also comprises a providing module adapted to provide
the subscriber module for use in the wireless device. Access to the network
infrastructure over a radio access network of the first radio access provider is
enabled in the wireless device based on the subscriber identifier and the preferred

roaming partner in the subscriber module.

[00013] The above method and arrangement may be configured and
implemented according to different embodiments. In one possible embodiment,
the infrastructure provider enables the wireless device to attach to the first radio
access provider according to the preferred roaming partner in the subscriber
module, and further enables the first radio access provider to direct the wireless
device to the network infrastructure based on the network identifier included in the
subscriber identifier in the subscriber module. In another possible embodiment, the
infrastructure provider enables the network infrastructure to charge the first radio
access provider, or vice versa, for any services used by the device, by mapping
the device identification number in the subscriber identifier to the first radio access
provider according to the association made in the subscription database. In
another possible embodiment, the infrastructure provider enables the network
infrastructure to authenticate the device based on the device identification number
which has been associated to the first radio access provider in the subscription

database and is also included in the subscriber identifier in the subscriber module.
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[00014] In another embodiment, the infrastructure provider may set the first radio
access provider as a preferred roaming partner in the subscriber module and
provide the subscriber module to the first radio access provider, in response to a
request from the first radio access provider for one or more subscriber modules.
Further, at least one of the above actions of associating, setting and provisioning
may be executed over the air after the subscriber module has been provided for

use in the wireless device.

[00015] The preferred roaming partner in the subscriber module may be changed
over the air by setting a second radio access provider as the preferred roaming
partner, in which case the infrastructure provider also associates the device
identification number in the subscriber identifier to the second radio access
provider in the subscription database. Thereby, the first radio access provider can
be replaced by the second radio access provider for that device in a neat manner.

[00016] It is further possible that the infrastructure provider associates different
sets of device identification numbers to different radio access providers in the
subscription database, and sets the different radio access providers as preferred
roaming partners in further subscriber modules. In that case, subscriber identifiers
in said further subscriber modules include the network identifier, to enable access
to the infrastructure over corresponding radio access networks by means of those

subscriber modules.

[00017] Further possible features and benefits of this solution will become

apparent from the detailed description below.

Brief description of drawings

[00018] The invention will now be described in more detail by means of
exemplary embodiments and with reference to the accompanying drawings, in

which:

[00019] Fig. 1 is an overview of how a shared infrastructure can be used,

according to the prior art.
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[00020] Fig. 2 is a block diagram illustrating a communication scenario where an
infrastructure provider is used for supporting connectivity of a wireless device,
according to some possible embodiments.

[00021] Fig.3 is a schematic illustration of a subscriber module, according to a

possible embodiment.

[00022] Fig. 4 is a flow chart with actions performed by an infrastructure provider,

according to another possible embodiment.

[00023] Fig. 5 is a block diagram illustrating an exemplifying infrastructure
provider in more detail, according to further possible embodiments.

Detailed description

[00024] Briefly described, the invention can be used to support connectivity for
devices to a shared network infrastructure without generating undue costs
associated with roaming to a visited radio access network. This solution can be
implemented and realised in an entity called “infrastructure provider” in the
following, which could be a server or any kind of suitable control node associated
with the network infrastructure, e.g. distributed over more than one physical node
or entity, and the invention is not limited in this respect.

[00025] By dividing a range of device identification numbers, e.g. MSINs, into
different sets, e.g. intervals, which are assigned or associated exclusively to
different radio access providers, i.e. network operators, those device identification
numbers can be used to identify the proper radio access provider of a device when
the device uses a subscriber module, e.g. SIM, provisioned with one of the
corresponding set of device identification numbers. For example, a range of
MSINs 000 — 299 may be assigned to a first radio access provider, while another
range of MSINs 300 — 499 may be assigned to a second radio access provider,
and so forth. Here, the “proper” radio access provider is thus the one having sold
or otherwise provided a subscription with the subscriber module to the owner or
controller of the device, e.g. a person, company, corporation, enterprise,
organization or the like. In the following, the term “device owner” is used to
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represent any of the above examples or any other party that controls a device
using a subscriber module according to this solution.

[00026] Further, by setting the proper radio access provider of a subscriber in an
existing parameter of the subscriber module called “preferred roaming partner”,
the device will accordingly try to attach to the access network of that radio access
provider, whenever possible in terms of radio coverage, instead of attaching to any
visited network, thereby avoiding roaming and associated costs. The device
identification number, e.g. MSIN, is included in a subscriber identifier, e.g. IMSI,
which is provisioned in the subscriber module. The subscriber identifier also
includes a network identifier, e.g. MNC, of the infrastructure provider such that the
device will accordingly be directed by the access network further to the

infrastructure as desired to utilise resources therein.

[00027] By also associating the device identification number of the device to that
radio access provider in a subscription database, e.g. HLR, of the infrastructure,
the device can be authenticated by the infrastructure to allow its services for the
device. The proper radio access provider may also be charged by the
infrastructure for any services used by the device, as the device identification
number in the subscriber identifier can be mapped to that radio access provider in
the subscription database. On the other hand, The infrastructure may be charged
by the radio access provider for resources used by the device in the radio access
network, and payments for used resources may go in either direction depending
on what agreement is employed between the infrastructure the radio access
provider.

[00028] Among other things, an additional advantage with this solution is that the
home access network of the device can be changed quite easily by changing the
preferred roaming partner in the subscriber module over the air and associating
the device identification number to the new radio access provider in the
subscription database. The device will accordingly try to attach to the new access
network of that radio access provider who may also be charged by the
infrastructure, or vice versa, for any services and resources used by the device

according to the changed association in the subscription database.
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[00029] By this inventive configuration of the subscriber module, the device will
attach to the correct radio access network whenever possible, and at the same
time be directed to the shared network infrastructure to be served with any needed
network resources therein. Any unnecessary roaming costs can be avoided while
radio access providers can supply a range of different subscription models for their
customers by utilising the shared network infrastructure without having to invest in
the needed equipment themselves. The infrastructure provider is used to basically
configure subscriber modules in the above manner, which will be described further
in the following.

[00030] In this description, a subscriber module may be any of: a physical SIM
(Subscriber Identity Module) card or other module defined by software and/or
hardware such as soft SIM, USIM (UMTS SIM), ISIM (IMS SIM), VSIM (Virtual
SIM), MCIM (Machine Communication Identity Module), or smart card adapted for
installation in the device. Corresponding subscriber data is provisioned and
maintained in a subscription database of the network infrastructure, e.g. an HLR or
similar. Although it is common to use physical SIM cards in mobile terminals, this
solution is not limited thereto.

[00031] With reference to a communication scenario illustrated in Fig. 2, an
example of how connectivity can be supported for a wireless device D to a network
infrastructure 200 in accordance with this solution, will now be described. The
device D may be an M2M device that is configured to send status reports or
measurements to a central enterprise using the device for surveillance or the like,
although the following description could just as well be applied for any other type
of device and device owner. This solution is basically realised by means of an
infrastructure provider 200a associated with the network infrastructure 200, as
follows. Although illustrated as a node outside infrastructure 200 for clarity, the
infrastructure provider 200a can in practice be implemented as being part of the
infrastructure 200, and the invention is not limited in this respect.

[00032] In this example, the network infrastructure 200 is shared by at least three
providers of radio access networks 202, indicated as RAN 1, RAN 2 and RAN 3 in
the figure. The network infrastructure 200 may have various network functions and
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resources to be hired by the radio access providers, e.g. as exemplified in the
background above, in this case including schematically illustrated GGSN/HLR
functions 200b for handling communications to and from subscribers in the radio
access networks 202, the HLR thus being the subscription database in this
context. In practice, the GGSN and HLR functions may be implemented in two
separate nodes or in the same node.

[00033] Further, the infrastructure provider 200a has disposal of a plurality of
subscriber identifiers, typically IMSIs with a range of MSIN numbers, e.g. MSINOOO
—MSIN999, which can be associated to individual subscribers in the HLR 200b. In
this solution, the device identification numbers MSINOOO —MSIN999 are divided
into distinct sets, e.g. intervals, which are assigned and associated exclusively to
different radio access providers and their networks 202, in order to mark which
radio access provider a subscriber belongs to. Accordingly, a first shown action
2:1 illustrates that infrastructure provider 200a associates the different sets of
MSINs to RAN 1, RAN 2 and RAN 3, respectively, in HLR 200b. For example,
MSINOOO —MSIN099 may be associated to RAN 1, MSIN100 —-MSIN199 may be
associated to RAN 2, MSIN200 —MSIN299 may be associated to RAN 3, and so
forth.

[00034] In a further action 2:2, infrastructure provider 200a creates or configures
subscriber modules SIMs for the different radio access providers and their
networks 202. This action may be initiated by requests or the like, not shown, from
the individual radio access providers or performed anyway as a preparation
procedure, depending on the implementation. This action includes setting the
respective radio access providers as a preferred roaming partner in the SIMs, to
cause a device using the SIM to attach to the proper RAN according to the
preferred roaming partner parameter in the SIM, which is customary for such
devices.

[00035] This action 2:2 may also include configuring the subscriber identifiers
IMSIs disposed by infrastructure provider 200a in the SIMs, such that the IMSIs
include a network identifier MNC of the infrastructure provider 200a, to cause the
access providers of networks 202 to direct any device using the SIM to the
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network infrastructure 200 based on the MNC in the IMSI, which is customary for
such access providers. Alternatively, the IMSIs may already have been configured
in the SIMs and can be used in the manner described here. The MNC thus
identifies the network infrastructure 200 and thereby the infrastructure provider
200a. A device identification number MSIN is also included in the subscriber
identifiers IMSIs which the infrastructure can use for charging the correct radio
access provider, or vice versa, for any services or resources in the infrastructure
200 or radio access network, respectively, used by the device. Action 2:2 basically
concludes a “configuration phase” of this solution. It should be noted that actions
2:1 and 2:2 are basically independent of one another and may be executed in any

order or at the same time.

[00036] The infrastructure provider 200a also provides the created SIMs for use
in wireless devices to enable access to the network infrastructure 200 over a
proper radio access network 202, to which the respective devices belong, based
on the IMSI and the preferred roaming partner in each SIM. A next action 2:3 thus
illustrates that a SIM, created for RAN 1 in this example according to the above, is
provided to the operator (i.e. access provider) of RAN 1. The operator then offers
the SIM to the owner of device D, e.g. when selling and establishing a subscription
for the device owner, and the latter is then able to insert the SIM into his device D,
shown by a following action 2:4.

[00037] In this example, the SIM is configured first and then delivered for use to
the operator of RAN 1. However, it is also possible to provide the SIM with a
preset IMSI and then when it has been inserted into the device the SIM can be
configured remotely “over the air” by means of suitable radio messages from the
infrastructure provider 200a to the device D. For example, the infrastructure
provider 200a may use an IMSI in the SIM with a particular MSIN, and then
associate that MSIN to a fitting RAN in the HLR 200b at any time. In other words,
one or more of the above-described actions of associating an MSIN to a RAN in
the HLR, setting the RAN as a preferred roaming partner in the SIM, and
configuring the IMSI with the MNC and MSIN in the SIM, if not already done, may
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be executed over the air after the SIM has been provided for use in the wireless
device.

[00038] When device D is activated with the SIM inserted, it will attempt to attach
to RAN 1 according to the preferred roaming partner in the SIM, in an action 2:5a,
which is of course the proper network of device D. This way, the preferred roaming
partner parameter in the SIM is utilized to cause device D to attach to its own
network, RAN 1 in this example, while RAN 1 is actually the “home” network and
not a visited or roamed network. In turn, RAN 1 receiving the attach
communication from device D will direct the device to the infrastructure 200
according to the MNC in the IMSI of the SIM, in a further action 2:5b. Thus, the
network identifier MNC in the IMSI is utilized to cause the attached access network
RAN 1 to direct device D to the network infrastructure 200, in this example to the
GGSN/HLR node 200b.

[00039] Next, the GGSN/HLR node 200b may authenticate the device D,
illustrated schematically by a two-way dashed arrow of action 2:6, based on the
IMSI configured in the SIM of the device and further based on the MSIN
association in the HLR 200b. Device D can now execute communications over the
attached RAN 1 and using network resources and services in the network
infrastructure 200. A next and final action 2:7 illustrates that the GGSN/HLR node
200b charges RAN 1in this example, for any services and resources in the
network infrastructure 200 used by the device D, by mapping the MSIN in the IMSI

of device D to RAN 1 according to the association made in the HLR in action 2.1.

[00040] If the user of device D wants to change home network at some point, for
whatever reason, this can be accomplished without exchanging the SIM for a new
one, and even without removing it from the device. The preferred roaming partner
in the SIM can be changed over the air by setting a new radio access provider,
e.g. RAN 2, as the preferred roaming partner, and the MSIN in the IMSI may also
be associated to the new radio access provider RAN 2 in the HLR. As a result, the
device will attach to the network of RAN 2 according to the preferred roaming
partner parameter in the SIM and the infrastructure 200 will charge RAN 2 for
services and resource usage by mapping the MSIN in the IMSI to RAN 2
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according to the new association in the HLR. As mentioned above, the radio
access provider may charge the infrastructure instead, depending on the
agreement employed.

[00041] An example of how a subscriber module can be configured to accomplish
connectivity of a wireless device to a network infrastructure shared by multiple
radio access providers, will now be described with reference to Fig.3. In this case,
the subscriber module is a SIM 300 for insertion into the wireless device, e.g. as of
action 2:4 above, and the SIM 300 can be used in the manner described for Fig. 2
above. To avoid roaming to a visited radio access network and extra costs
associated therewith, the SIM 300 is configured with a preferred roaming partner
“‘RAN 17 pointing to the radio access network to which the device belongs by
subscription or similar. Thereby, the device will attach to its home network
according to this parameter, e.g. as of action 2:5a above, if possible due to radio

coverage among other things.

[00042] The SIM 300 is also configured with an IMSI which includes an MCC, an
MNC and an MSIN according to the conventional IMSI structure. The MCC may be
used in a conventional manner which is outside the scope of this solution.
However, the MNC, which conventionally points to a home radio access network,
in this case points to the network infrastructure “IS” instead. Thereby, the device
will be directed by the attached network to the IS, e.g. as of action 2:5b above.

The MSIN is one of a set of MSINs that have been associated with RAN 1 in the

subscription database (HLR) of the infrastructure provider, and thus points to the
proper or home radio access provider of the device. Thereby, the infrastructure
can map the MSIN to RAN 1 and charge RAN 1 for services or resources used by

the device, e.g. as of action 2:7 above.

[00043] A procedure for supporting connectivity of a wireless device to a shared
network infrastructure will now be described with reference to Fig.4. This
procedure includes various actions that may be executed by an infrastructure
provider such as the infrastructure provider 200a in Fig. 2. This example refers to
a “first” radio access provider, which could be any of a plurality of radio access
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providers sharing the network infrastructure in question, such as any of RAN 1,
RAN 2 and RAN 3 in the above example. It should be noted that the actions in Fig.
4 may be executed in any order depending on the implementation, e.g. as
described above for the preceding example of Fig. 2.

[00044] In a first shown action 400, the infrastructure provider associates a set of
device identification numbers, e.g. MSINs, to a first radio access provider in a
subscription database, e.g. HLR, of the infrastructure provider. Differently
expressed, a mapping is created in the subscription database between the set of
device identification numbers, to the first radio access provider. Corresponding
associations or mappings may also be created between other sets of device
identification numbers to different radio access providers sharing the network

infrastructure.

[00045] The infrastructure provider further creates or configures subscriber
modules for different radio access providers, basically according to the
configuration shown in Fig. 3. In a further action 402, the infrastructure provider
sets the first radio access provider as a preferred roaming partner in a subscriber
module, e.g. SIM. In a further action 404, the infrastructure provider uses a
subscriber identifier , e.g. IMSI, in said subscriber module wherein the subscriber
identifier includes at least a network identifier, e.g. MNC, of the infrastructure
provider. The subscriber identifier further includes one of the device identification

numbers associated to the first radio access provider.

[00046] The infrastructure provider finally provides the subscriber module for use
in the wireless device, in a last shown action 406. Thereby, the wireless device is
able to access the network infrastructure over a radio access network of the first
radio access provider based on the subscriber identifier and the preferred roaming
partner in the subscriber module, see also the above description of actions 2:5a,
2:5b and 2:6.

[00047] The above procedure may be adapted or modified in different ways
depending on the implementation, apart from changing the order of execution. For

example, the first radio access provider may be set as a preferred roaming partner
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in the subscriber module and the subscriber module may be provided to the first
radio access provider, once a request for one or more subscriber modules is
received from the first radio access provider. Further, the network infrastructure is
able to authenticate the device for communication based on the device
identification number that was included in the subscriber identifier in the subscriber
module as of action 404, which has also been associated to the first radio access
provider in the subscription database as of action 400.

[00048] A more detailed but non-limiting example of how an arrangement can be
implemented in an infrastructure provider to accomplish the above-described
solution, is illustrated by the block diagram in Fig. 5. The infrastructure provider
500 is thus configured to support connectivity of a wireless device D to a network
infrastructure, e.g. in the manner described above for any of Figs 2 - 4.

[00049] According to this arrangement, the infrastructure provider 500 comprises
an associating module 500a adapted to associate a set of device identification
numbers “MSINs” to a first radio access provider “RAN 1”7 in a subscription
database “HLR” of the infrastructure provider. The infrastructure provider 500
further comprises a configuring module 500b adapted to set the first radio
access provider as a preferred roaming partner in a subscriber module “SIM?,
wherein a subscriber identifier “IMSI” is included in the subscriber module SIM.
The subscriber identifier is configured to include at least a network identifier of the
infrastructure provider and one of the device identification numbers associated to
the first radio access provider. The infrastructure provider 500 also comprises a
providing module 500c adapted to provide the subscriber module SIM, e.g. to an
operator or the like, for use in the wireless device D. Thereby, access to the
network infrastructure over a radio access network of the first radio access
provider is enabled in the wireless device based on the subscriber identifier and
the preferred roaming partner in the subscriber module SIM.

[00050] It should be noted that Fig. 5 merely illustrates various functional
modules or units in the infrastructure provider 500 in a logical sense, although the
skilled person is free to implement these functions in practice using suitable
software and hardware means. Thus, this aspect of the solution is generally not
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limited to the shown structures of the infrastructure provider 500, while its
functional modules 500a — 500c may be configured to operate according to the
features described for any of Figs 2 - 4 above, where appropriate.

[00051] The functional modules 500a — 500c¢ described above can be
implemented in the infrastructure provider 500 as program modules of a computer
program comprising code means which, when run by a processor “P” in the
infrastructure provider 500, causes the infrastructure provider 500 to perform the
above-described functions and actions. The processor P may be a single CPU
(Central processing unit), or could comprise two or more processing units. For
example, the processor P may include general purpose microprocessors,
instruction set processors and/or related chips sets and/or special purpose
microprocessors such as ASICs (Application Specific Integrated Circuit). The
processor P may also comprise a storage for caching purposes.

[00052] The computer program may be carried by a computer program product in
the infrastructure provider 500 in the form of a memory “M” connected to the
processor P. The computer program product or memory M comprises a computer
readable medium on which the computer program is stored. For example, the
memory M may be a flash memory, a RAM (Random-access memory), a ROM
(Read-Only Memory) or an EEPROM (Electrically Erasable Programmable ROM),
and the program modules could in alternative embodiments be distributed on
different computer program products in the form of memories within the

infrastructure provider 500.

[00053] The above infrastructure provider 500 and functional modules 500a —
500c may be configured or adapted to operate according to various optional
embodiments. For example, the configuring module 500b and the providing
module 500c may be further adapted to set the first radio access provider as a
preferred roaming partner in the SIM and provide the SIM to the first radio access
provider, respectively, in response to a request from the first radio access provider

for one or more subscriber modules.
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[00054] The infrastructure provider 500 may also be configured to execute at
least one of the actions of associating, setting and provisioning over the air after
the SIM has been provided for use in the wireless device. If the device user wants
to change radio access provider, the configuring module 500b may be further
adapted to change the preferred roaming partner in the SIM over the air by setting
a second radio access provider as the preferred roaming partner. In addition, the
associating module 500a may in this case also be adapted to associate the MSIN
in the IMSI to the second radio access provider in the subscription database HLR.

[00055] In another possible embodiment, the associating module 500a may be
further adapted to associate different sets of device identification numbers MSINs
to different radio access providers in the subscription database HLR, while the
configuring module 500b may be further adapted to set the different radio access
providers as preferred roaming partners and provision subscriber identifiers with
the above network identifier MNC in further SIMs, to enable access to the
infrastructure over corresponding radio access networks by means of said further

subscriber modules.

[00056] While the invention has been described with reference to specific
exemplary embodiments, the description is generally only intended to illustrate the
inventive concept and should not be taken as limiting the scope of the invention.

For example, the terms “network infrastructure”, “infrastructure provider”, “radio
access provider”, “subscriber identifier” and “network identifier” have been used
throughout this description, although any other corresponding nodes, functions,
and/or parameters could also be used having the features and characteristics

described here. The invention is defined by the appended claims.
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CLAIMS

1. A method in an infrastructure provider (200a) for supporting
connectivity of a wireless device (D) to a network infrastructure (200), the method

comprising:

- associating (2:1, 400) a set of device identification numbers (MSINs) to a first
radio access provider (RAN 1) in a subscription database (HLR) of the

infrastructure provider, and

- setting (2:2, 402) the first radio access provider as a preferred roaming partner in
a subscriber module (SIM),

- wherein a subscriber identifier (IMSI) in said subscriber module (SIM) includes at
least a network identifier (MNC) of the infrastructure provider and one of the
device identification numbers (MSIN) associated to the first radio access provider
(RAN 1),

- wherein the subscriber module (SIM) is provided (2:3, 406) for use in said
wireless device (D), and

- wherein access to the network infrastructure over a radio access network of the
first radio access provider is enabled in the wireless device based on the
subscriber identifier (IMSI) and the preferred roaming partner in the subscriber
module (SIM).

2. A method according to claim 1, wherein the wireless device is enabled to
attach to the first radio access provider according to the preferred roaming partner
in the subscriber module (SIM), and the first radio access provider is enabled to
direct the wireless device to the network infrastructure based on the network
identifier (MNC) in the subscriber identifier (IMSI).

3. A method according to claim 1 or 2, wherein the network infrastructure
(200) is enabled to charge the first radio access provider, or vice versa, for any
services used by the device, by mapping the device identification number in the
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subscriber identifier to the first radio access provider according to the association
made in the subscription database (HLR).

4. A method according to any of claims 1-3, wherein the network
infrastructure (200) is enabled to authenticate the device based on the device
identification number associated to the first radio access provider in the
subscription database (HLR) and included in the subscriber identifier (IMSI) in said
subscriber module (SIM).

5. A method according to any of claims 1-4, wherein the first radio access
provider is set as a preferred roaming partner in the subscriber module (SIM) and
the subscriber module (SIM) is provided to the first radio access provider, in
response to a request from the first radio access provider for one or more

subscriber modules.

6. A method according to any of claims 1-5, wherein at least one of said
actions of associating, setting and provisioning is executed over the air after the
subscriber module (SIM) has been provided for use in the wireless device.

7. A method according to any of claims 1-6, wherein the preferred roaming
partner in the subscriber module (SIM) is changed over the air by setting a second
radio access provider (RAN 2) as the preferred roaming partner, and wherein the
device identification number (MSIN) in the subscriber identifier (IMSI) is associated
to the second radio access provider in the subscription database (HLR).

8. A method according to any of claims 1-7, wherein different sets of device
identification numbers (MSINs) are associated to different radio access providers
(RAN 1, RAN 2, RAN 3...) in the subscription database (HLR), and the different
radio access providers are set as preferred roaming partners in further subscriber
modules (SIMs), wherein subscriber identifiers (IMSI) in said further subscriber
modules (SIMs) include said network identifier (MNC), to enable access to the
infrastructure over corresponding radio access networks by means of said further

subscriber modules.
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9. An arrangement in an infrastructure provider (500) configured to support
connectivity of wireless devices to a network infrastructure, the infrastructure

provider arrangement comprising:

- an associating module (500a) adapted to associate a set of device identification
numbers (MSINs) to a first radio access provider (RAN 1) in a subscription
database (HLR) of the infrastructure provider,

- a configuring module (500b) adapted to set the first radio access provider as a
preferred roaming partner in a subscriber module (SIM), wherein a subscriber
identifier (IMSI) in said subscriber module (SIM) includes at least a network
identifier (MNC) of the infrastructure provider and one of the device identification
numbers (MSIN) associated to the first radio access provider (RAN 1), and

- a providing module (500c) adapted to provide the subscriber module (SIM) for
use in said wireless device (D),

- wherein access to the network infrastructure over a radio access network of the
first radio access provider is enabled in the wireless device based on the
subscriber identifier (IMSI) and the preferred roaming partner in the subscriber
module (SIM).

10. An arrangement according to claim 9, wherein the wireless device is
enabled to attach to the first radio access provider according to the preferred
roaming partner in the subscriber module (SIM), and the first radio access provider
is enabled to direct the wireless device to the network infrastructure based on the
network identifier (MNC) in the subscriber identifier (IMSI).

11. An arrangement according to claim 9 or 10, wherein the network
infrastructure (200) is enabled to charge the first radio access provider, or vice
versa, for any services used by the device, by mapping the device identification
number in the subscriber identifier to the first radio access provider according to
the association made in the subscription database (HLR).
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12. An arrangement according to any of claims 9-11, wherein the network
infrastructure (200) is enabled to authenticate the device based on the device
identification number associated to the first radio access provider in the
subscription database (HLR) and included in the subscriber identifier (IMSI) in said

subscriber module (SIM).

13. An arrangement according to any of claims 9-12, wherein the configuring
module (500b) and the providing module (500c¢) are further adapted to set the first
radio access provider as a preferred roaming partner in the subscriber module
(SIM) and provide the subscriber module (SIM) to the first radio access provider,
respectively, in response to a request from the first radio access provider for one

or more subscriber modules.

14. An arrangement according to any of claims 9-13, configured to execute
at least one of said actions of associating, setting and provisioning over the air
after the subscriber module (SIM) has been provided for use in the wireless

device.

15. An arrangement according to any of claims 9-14, wherein the configuring
module (500b) is further adapted to change the preferred roaming partner in the
subscriber module (SIM) over the air by setting a second radio access provider as
the preferred roaming partner, and wherein the associating module (500a) is
further adapted to associate the device identification number (MSIN) in the
subscriber identifier (IMSI) to the second radio access provider (RAN 2) in the

subscription database (HLR).

16. An arrangement according to any of claims 9-15, wherein the associating
module (500a) is further adapted to associate different sets of device identification
numbers (MSINs) to different radio access providers (RAN 1, RAN 2, RAN 3...) in
the subscription database (HLR), and the configuring module (500Db) is further
adapted to set the different radio access providers as preferred roaming partners,
wherein subscriber identifiers (IMSI) in further subscriber modules (SIMs) include
said network identifier (MNC), to enable access to the infrastructure over
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corresponding radio access networks by means of said further subscriber

modules.
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