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METHOD AND APPARATUS FOR VIRTUALIZED NETWORK SERVICE
PROVISION

TECHNICAL FIELD

[0001] The non-limiting and exemplary embodiments of the present disclosure generally
relate to the communication field, and specifically to a method, an apparatus, and a computer

program product for sliced network service provision.

BACKGROUND

[0002] This section introduces aspects that may facilitate better understanding of the present
disclosure. Accordingly, the statements of this section are to be read in this light and are not to
be understood as admissions about what is in the prior art or what is not in the prior art.

[0003] As expected by leading operators and vendors in the next generation mobile networks
(NGMN) association, diverse applications or services are supposed to be provided by the fifth
generation (5G) networks. In addition to supporting the evolution of the established prominent
mobile broadband use cases, 5G will support countless emerging use cases with a high variety of
applications and variability of their performance attributes: from delay-sensitive video
applications to ultra-low latency, from high speed entertainment applications in a vehicle to
mobility on demand for connected objects, and from best effort applications to reliable and
ultra-reliable ones such as health and safety. Furthermore, use cases will be delivered across a
wide range of devices (e.g., smartphone, wearable, Machine-Type Communication (MTC)) and
across a fully heterogeneous environment.

[0004] Obviously, different use cases put different requirements to future networks, for
example acceptable interruption time, reliability and availability, acceptable latency, data rate, as
well as cost per user. It would be difficult or cost impossible to deploy a common network to
fulfill such extremely diverse requirements. Accordingly, a new concept of “network slice”,
namely “5G slice” is proposed, which supports the communication service of a particular
connection type in a specific way of handling the Control-plane (C-plane) and User-plane
(U-plane) for this service. To this end, a 5G slice is composed of a collection of 5G network
functions and specific radio access technology (RAT) settings that are combined together for the
specific use case or business model. Thus, a 5G slice can span all domains of the network:
software modules running on cloud nodes, specific configurations of the transport network
supporting flexible location of functions, a dedicated radio configuration or even a specific RAT,
as well as configuration of a 5G device. Not all slices contain the same functions, and some

functions that today seem essential for a mobile network might even be missing in some of the
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slices. The intention of a 5G slice is to provide only the traffic treatment that is necessary for

the use case, and avoid all other unnecessary functionality. The flexibility behind the slice
concept is a key enabler to both expand existing businesses and create new businesses.
Third-party entities can be given permission to control certain aspects of slicing via a suitable
Application Program Interface (API), so as to provide tailored services. A specific network
slice can be instantiated according to on demand requirements from third party users/ operators
and a business policy between network service providers and network service consumers. In
order to facilitate understanding of the network slice concept, FIG. 1 shows sliced network
architecture to support diverse 5G network scenarios.

[0005] For example, a network slice for typical smartphone use case can be realized by
setting fully-fledged functions distributed across the network. Security, reliability and latency
will be critical for a network slice supporting automotive use case. For such a slice, all the
necessary (and potentially dedicated) functions can be instantiated at the cloud edge node,
including the necessary vertical application due to latency constraints. There could be other
dedicated slices operating in parallel, as well as a generic slice providing basic best-effort
connectivity, to cope with unknown use cases and traffic.

[0006] At the same time, inspired by the great success of could technology in information
technology (IT) world, the telecom industry is considering providing cloud based network
service by Network Functions Virtualization (NFV) initiative at European Telecommunication
Standards Institute (ETSI). NFV will transform the way that networks are built and operated
by leveraging the standard IT virtualization technology and consolidating network equipment
types into “industry standard” servers, switches and storage, which may be located in Data
Centers (DCs). The NFV technology will make it more flexible and efficient to provide and
operate virtual mobile network services, as well as value added services with low Capital
expenditures (CAPEX), low Operating Expenses (OPEX) and reduced time.

[0007] With the quick development of cloud computing and NFV technology, it can be
expected that more and more 5G network services will be provided in a cloud environment in

the form of various network slices.

SUMMARY

[0008] Various embodiments of the present disclosure aim to provide an efficient solution for
service provision in a network slicing environment for 5G networks. Other features and
advantages of embodiments of the present disclosure will also be understood from the following
description of specific embodiments when read in conjunction with the accompanying drawings,

which illustrate the principles of embodiments of the present disclosure.
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[0009] In a first aspect of the present disclosure, there is provided a method for service

provision at a network element in a radio access network associated with a core network
comprising a plurality of network slices. The method comprises obtaining information related
to one or more network slices of the core network from another network element and then
facilitating service provision via the core network to a terminal device under coverage of the
radio access network by informing the terminal device of information that is based at least on
the obtained information.

[0010] In some embodiments, the information related to the one or more network slices may
be obtained in response to receipt of a request message from the terminal device for requesting a
service. The information related to the one or more network slices may comprise at least
requirement information indicative of a requirement on the one or more network slices of a third
party service provider for providing the requested service to the terminal device. Facilitating
service provision via the core network to the terminal device may be realized by selecting a
network slice from the one or more network slices for the terminal device based at least on the
requirement information of the third party service provider and then informing the terminal
device of the selected network slice.  Thereby, requirements of third party service providers
may be considered when selecting a network slice for service provision to a terminal device so
that a back-end business model can be efficiently applied in a core network slicing environment.

[0011] In an embodiment, the requirement information of the third party service provider
may comprise at least one of: an identifier of a required network slice; a type of the required
network slice; an identifier of a preferred network slice; and a type of the preferred network
slice.

[0012] In a further embodiment, the requirement information of the third party service
provider may further comprise any of the following: information on a condition to apply the
required or preferred network slice; information on a sponsor of the required or preferred
network slice; a list of identifiers of terminal devices that are permitted to access the required or
preferred network slice; and description of traffic or service to be carried by the required or
preferred network slice.

[0013] In another embodiment, the network element may be a network function for selecting
a network slice in the control plane of the radio access network, while the other network element
may be a service capability exposure function, SCEF or a network function in the control plane
of a connected network slice of the core network. In the latter case, the information related to
the one or more network slices may be received by the network function in the control plane of
the core network from the SCEF.

[0014] In some other embodiments, the obtained information related to the one or more
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network slices may comprise at least one of the following: information on identifiers of

connected network slices of the core network; and information on types of the connected
network slices of the core network.

[0015] In an embodiment, facilitating service provision via the core network to the terminal
device may be realized by broadcasting the obtained information to the terminal device as at
least a part of system information so that the terminal device can select a preferred network slice
based at least on the obtained information. Thereby, terminal devices under coverage of the
radio access network can have knowledge of available network slices before making a selection.
The selection is thus more appropriate and effective.

[0016] In another embodiment, obtaining the information related to the one or more network
slices may further comprise storing the information related to the one or more network slices and
updating the stored information in response to a change in the connected network slices. The
change in the connected network slices may comprise termination of a connection between the
radio access network and one of the connected network slices, establishment of a new
connection between the radio access network and a new network slice, or a change in the
connected network slice itself, e.g. its usage or condition.

[0017] In yet another embodiment, the network element may be a base station in the radio
access network, while the other network element may be a network function in the control plane
of each of the connected network slices of the core network or an operations support system/
business support system, OSS/BSS associated with the core network.

[0018] In some further embodiments, the obtained information related to the one or more
network slices may comprise a traffic steering policy generated at the other network element.
[0019] In an embodiment, facilitating service provision via the core network to the terminal
device may be realized by forwarding the obtained information transparently to the terminal
device.

[0020] In a further embodiment, the traffic steering policy may be generated at the other
network element based on at least one of the following: a network slice status from an
operations support system/business support system, OSS/BSS associated with the core network;
a traffic steering policy of a network operator for the core network; requirement information on
one or more network slices of a third party service provider for the terminal device; and
information related to the terminal device. The other network element may be an access
network discovery and selection function, ANDSF, in the control plane of the core network.
[0021]  Thereby, it is possible for terminal devices to make a more flexible selection of
network slices in a dynamic way by considering both operator’s policy and third party service

provider’s requirements as well as their own preferences.
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[0022] In a second aspect of the present disclosure, there is provided a method at a network

element for service capability exposure, for example SCEF. The method comprises collecting
status and capability information on one or more network slices of a core network that comprises
a plurality of network slices and is associated with a radio access network. Then based on the
collected status and capability information, sliced network service information is determined and
exposed to an application function, AF operated by a third party service provider for providing a
service to a terminal device via the radio access network.

[0023] The method may further comprise obtaining requirement information on a
requirement for one or more network slices of the third party service provider from the
application function that generates the requirement based at least on the sliced network service
information and then transmitting the requirement information to a network element in the radio
access network so as to facilitate selection of a network slice in the radio access network for the
terminal device.

[0024] In an embodiment, the method may further comprise performing admission control for
the requirement from the application function and rejecting the requirement if the admission
control for that requirement fails, while accepting the requirement if the admission control for
that requirement succeeds.

[0025] In a third aspect of the present disclosure, there is provided a method at a network
element, e.g. ANDSF, in a core network comprising a plurality of network slices. The core
network is associated with a radio access network. The method comprises collecting assistance
information for network slice selection from surrounding functions and generating a traffic
steering policy based at least on the assistance information. The method further comprises
providing the traffic steering policy to a terminal device under coverage of the radio access
network so that the terminal device can select a network slice of the core network based at least
on the traffic steering policy for service provision via the selected network slice and the
associated radio access network.

[0026] In an embodiment, the assistance information may be collected by at least one of:
collecting from an OSS/BSS associated with the core network at least one of the following: an
identifier, a type, an instantiation status, a load status of each of the network slices of the core
network, and a network slice selection strategy of a network operator for the core network;
collecting preference information from application functions operated by a third party service
provider for providing a service to the terminal device; collecting network slice related
subscription information from a subscription database in the core network; and collecting user
related information from the terminal device.

[0027] In another embodiment, the generated traffic steering policy may comprise at least
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one of the following: an identifier of a preferred network slice and a type of the preferred

network slice. Additionally, the generated traffic steering policy may further comprise any of
the following: a list of identifiers of preferred network slices; a list of types of the preferred
network slices; a priority indication associated with each of the preferred network slices;
description information on a type of traffic or service carried by each of the preferred network
slices; and a validity condition of the traffic steering policy.

[0028] In a fourth aspect of the present disclosure, there is provided an apparatus for service
provision at a network element in a radio access network associated with a core network
comprising a plurality of network slices. The apparatus comprises an information obtaining
unit configured to obtain information related to one or more network slices of the core network
from another network element and a service provision facilitating unit configured to facilitate
service provision via the core network to a terminal device under coverage of the radio access
network by informing the terminal device of information that is based at least on the obtained
information.

[0029] In some embodiments, the information obtaining unit may be configured to obtain the
information related to the one or more network slices in response to receipt of a request message
from the terminal device for requesting a service. The information related to the one or more
network slices may comprise at least requirement information indicative of a requirement on the
one or more network slices of a third party service provider for providing the requested service
to the terminal device. The service provision facilitating unit may be configured to select a
network slice from the one or more network slices for the terminal device based at least on the
requirement information of the third party service provider and to inform the terminal device of
the selected network slice.

[0030] In some other embodiments, the obtained information related to the one or more
network slices may comprise at least one of the following: information on identifiers of
connected network slices of the core network; and information on types of the connected
network slices of the core network. The service provision facilitating unit may be configured
to broadcast the obtained information to the terminal device as at least a part of system
information so that the terminal device can select a preferred network slice based at least on the
obtained information.

[0031] In some other embodiments, the obtained information related to the one or more
network slices may comprise a traffic steering policy generated at the other network element.
The service provision facilitating unit may be configured to forward the obtained information
transparently to the terminal device.

[0032] In a fifth aspect of the present disclosure, there is provided an apparatus at a network
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element for service capability exposure, e.g. SCEF. The apparatus comprises a collecting unit

configured to collect status and capability information on one or more network slices of a core
network that comprises a plurality of network slices and is associated with a radio access
network and a determining unit configured to determine sliced network service information
based on the collected status and capability information. The apparatus further comprises an
exposing unit configured to expose the sliced network service information to application
functions operated by a third party service provider for providing a service to a terminal device
under via the radio access network.

[0033] In a sixth aspect of the present disclosure, there is provided an apparatus at a network
clement in a core network that comprises a plurality of network slices and is associated with a
radio access network. The apparatus comprises a collecting unit configured to collect
assistance information for network slice selection from surrounding functions and a generating
unit configured to generate a traffic steering policy based at least on the assistance information.
The apparatus further comprises a providing unit configured to generate the traffic steering
policy to a terminal device via the radio access network so that the terminal device can select a
network slice of the core network based at least on the traffic steering policy.

[0034] It shall be appreciated that various embodiments of the first, second and third aspects
may also be equally applied to the fourth, fifth and sixth aspects of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and other aspects, features, and benefits of various embodiments of the
present disclosure will become more fully apparent from the foilowing detailed description with
reference to the accompanying drawings, in which:

[0036] FIG. 1 shows sliced network architecture to support diverse 5G network scenarios;
[0037] FIG. 2 shows architecture illustrating the first solution for service provision via a
network slice according to some embodiments of the present disclosure;

[0038] FIG. 3 shows an interactive message flow of a specific example for the first solution
according to one embodiment of the present disclosure where the requirement information of the
third party service provider is obtained directly from an SCEF;

[0039] FIG. 4 shows an interactive message flow of another example for the first solution
according to another embodiment of the present disclosure where the requirement information of
the third party service provider is obtained from a PRCF of a connected network slice;

[0040] FIG. 5 illustrates a flowchart of a method 500 performed at a network function for
service capability exposure according to an embodiment of the present disclosure;

[0041] FIG. 6 shows an interactive message flow of a specific example for the method 500
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performed at SCEF according to one embodiment of the present disclosure;

[0042] FIG. 7 shows architecture illustrating the second solution for distributing network
slice information according to some embodiments of the present disclosure;

[0043] FIG. 8 shows an interactive message flow of a specific example for the second
solution according to one embodiment of the present disclosure where network slice related
information is obtained from each connected core network slice;

[0044] FIG. 9 shows an interactive message flow of a specific example for the second
solution according to another embodiment of the present disclosure where network slice related
information is obtained from an OSS/ BSS;

[0045] FIG. 10 shows an existing ANDSF system for assisting network selection and traffic
or service distribution over different access networks in the context of both 3GPP access and
non-3GPP access;

[0046] FIG. 11 shows architecture illustrating the third solution for traffic steering according
to some embodiments of the present disclosure;

[0047] FIG. 12 illustrates a flowchart of a method 1200 performed at a network function in
the core network, e.g. ANDSF or a similar network function in the core network C-plane,
according to an embodiment of the present disclosure;

[0048] FIG. 13 shows an interactive message flow of a specific example for the third
solution according to one embodiment of the present disclosure;

[0049]  FIG. 14 illustrates a flowchart of a method 1400 for service provision at a network
element in a radio access network associated with a core network comprising a plurality of
network slices according to some embodiments of the present disclosure;

[0050] FIG. 15 illustrates a schematic block diagram of an apparatus 1500 adapted for
service provision at a network element in a radio access network associated with a core network
comprising a plurality of network slices according to some embodiments of the present
disclosure;

[0051] FIG. 16 illustrates a schematic block diagram of an apparatus 1600 at a network
element for service capability exposure, e.g. SCEF, according to some embodiments of the
present disclosure;

[0052] FIG. 17 illustrates a schematic block diagram of an apparatus 1700 at a network
element, e.g. ANDSEF, in a core network comprising a plurality of network slices according to
some embodiments of the present disclosure; and

[0053] FIG. 18 illustrates a schematic block diagram of an apparatus 1800 according to
embodiments of the present disclosure.

[0054] Like reference numbers and designations in the various drawings indicate like



10

15

20

25

30

WO 2017/113109 PCT/CN2015/099506
elements.

DETAILED DESCRIPTION

[0055] Hereinafter, the principle and spirit of the present disclosure will be described with
reference to illustrative embodiments. It should be understood, all these embodiments are
given merely for one skilled in the art to better understand and further practice the present
disclosure, but not for limiting the scope of the present disclosure. For example, features
illustrated or described as part of one embodiment may be used with another embodiment to
yield still a further embodiment. In the interest of clarity, not all features of an actual

implementation are described in this specification.

% &6 2% 6

[0056] References in the specification to “an embodiment,” “another embodiment,” “yet
another embodiment,” etc. indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described.

[0057] It shall be understood that, although the terms “first” and “second” etc. may be used
herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. For example, a first
element could be termed a second element, and similarly, a second element could be termed a
first element, without departing from the scope of example embodiments. As used herein, the
term “and/ or” includes any and all combinations of one or more of the listed terms in
association.

[0058] The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to limit the embodiments. As used herein, the singular forms “a”, “an”
and “the” are intended to include the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms “comprises”, “comprising”, “has”,
“having”, “includes” and/or “including”, when used herein, specify the presence of stated
features, elements, and/or components etc., but do not preclude the presence or addition of one
or more other features, elements, components and/ or combinations thereof.

[0059] In the following description and claims, unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary

skills in the art to which this disclosure belongs. For example, the term “base station” used

herein may also be referred to as eNB, eNodeB, NodeB or base transceiver station (BTS),
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Access Node (AN) or Access Point (AP) etc. depending on the technology and terminology used.

The term “network element” used herein may refer to a network function, regardless of whether
it is virtual or not. The term “terminal device” or “UE” used herein may refer to any terminal
having wireless communications capabilities, including but not limited to, mobile phones,
cellular phones, smart phones, or personal digital assistants (PDAs), portable computers, image
capture devices such as digital cameras, gaming devices, music storage and playback appliances
and any portable units or terminals that have wireless communications capabilities, Internet
appliances permitting wireless Internet access and browsing, or sensing devices or other
machine type devices and the like. The terms “terminal device” and “UE” may be used
interchangeably in this document.

[0060] As introduced in the Background section, it can be expected that 5G network services
will be provided over cloud infrastructure. In a cloud environment, it is highly possible that a
specific network slice is dynamically instantiated or terminated, or scaled out or in to support a
flexible business model and efficient resource utilization. It is natural that a specific type of
network slice is available in one area at a certain time, while it may not be available at a
different time or at a different area. A specific network slice may be initiated based on
requirements from a UE or from a 34 party Over the Top (OTT) service provider (SP), or it may
be initiated actively by network operators. In the case that more than one network slice may be
available, how to select an appropriate network slice to serve the UE requesting a specific
service becomes an issue. Given that more and more 3™ party OTT SPs from other industries
may be involved in the ecosystem in the 5G Era, how to consider preferences and/ or
requirements from the 3™ party OTT SPs during provision of a specific network slice forms a
further issue. Traditionally, the network service provided to a UE is charged against the UE,
which may be referred to as a front-end business model. The limitation of this business model
is marginalizing telecom network operators in the mobile internet ecosystem. In the 5G Era, a
more diverse and flexible business model should be possible, as advocated by NGMN. For
instance, a back-end business model, as already widely adopted by Internet players, is most
promising and efficient. In such a model, revenues from the 3" party players are involved in
the end to end service provision over network slices.

[0061] For example, from the perspective of a 3™ party OTT SP, there are various types of
users, some of which are categorized as VIP users and others may be categorized as low end
users, and then a same OTT service may be delivered via different alternative network slices.
For VIP users, the OTT service provider would expect the most ideal network slice to be used.
For non-VIP users, the 3™ party OTT service provider would expect a default network slice to be

used due to cost or other considerations. If the requirement from the OTT service provider is
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not taken into account during the service provision via the network slice, it would be

problematic when the back-end business model is employed. For example, in the case that a
network slice is initiated from the 3" party OTT service provider to serve its VIP users, while
the traffic for another normal user is also steered to that network slice as requested by the normal
user, then user experience of the VIP users may be negatively impacted, and then it would be
problematic in the back-end business model when charging from the 3™ party OTT service
provider. As another example, at a certain situation, a user group of the 3™ party OTT service
provider may not be big enough to initiate a dedicated and ideal network slice for an OTT
application. Thus, the traffic of the OTT application needs to be conveyed on an existing
non-ideal network slice. In this case, if the ideal network slice is selected just based on the
user’s preference without considering the requirement of the 3™ party OTT service provider, it
would also be problematic in the back-end business model when charging from the 3™ party
OTT service provider.

[0062] The existing solutions for network slice selection may resolve an issue of how to
determine an appropriate network slice for a UE based on user’s requirement or preference.
However, the preference or requirement from the 3™ party OTT service provider is not
considered. Therefore, the existing solutions may work well for the traditional front-end
business model, i.e. service provision via a network slice is charged against users, but not be
appropriate for the back-end business model, i.e. the service provision via the network slice is
charged against the 3™ party OTT service provider.

[0063] Some of the following embodiments of the present disclosure propose a solution
(which will be referred to as a first solution hereafter) for service provision via a network slice
(hereafter any reference to a network slice refers to a core network slice), which may be
applicable to the back-end business model.

[0064] FIG. 2 shows architecture illustrating the first solution for service provision via a
network slice according to some embodiments of the present disclosure.

[0065] In this figure, there is illustrated a radio access network (RAN) and a core network
associated with the RAN. The core network comprises a plurality of network slices, although
only two slices (i.e. CN slice 1 and CN slice 2) are shown only for a purpose of illustration. In
other words, it means that a network operator for the core network supports the plurality of
network slices. Each of the network slices may comprise its own network elements or
functions, like Mobility Management Entity (MME) and Policy and Charging Rules Function
(PCRF). A terminal device can access the RAN and thereby be served by a selected one of the
network slices of the core network. The term “associated” used herein for “the core network

associated with the RAN” means that the RAN and the core network can collaborate to provide
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services to a terminal device under coverage of the RAN, and the terminal device can establish a

connection with a network slice of the core network via the RAN. The core network and the
RAN may or may not be operated by the same network operator.

[0066] In the first solution as illustrated, a network element in the RAN can obtain
information related to one or more network slices of the core network from another network
element in response to receipt of a request message from a terminal device under coverage of the
RAN for requesting a service. For example, the request message may be a connection
establishment request. The network element in the RAN may be a network function for
selecting a network slice (which may be referred to as Network Slice Selection Function (NSSF)
somewhere) in the control plane (C-plane) of the RAN (which may be simplified as “RAN
C-plane” hereafter). This network function for selecting a network slice may be part of a base
station in the RAN, or may alternatively be a network function independent of the base station or
located separately therefrom in the RAN.

[0067]  The other network element from which the information is obtained may be a network
function for service capability exposure, e.g. a Service Capability Exposure Function (SCEF), or
a network function in the C-plane of a core network slice (which may be simplified as “CN
C-plane network function”) that is already connected to the RAN, e.g. a Policy and Charging
Rules Function (PCRF), which may receive requirement information of a third party SP from the
SCEF.

[0068]  Particularly, the request message from the terminal device may comprise information
on a requested service, e.g. an identifier (ID) of the requested service or a type of the requested
service, such as high security or delay-sensitive traffic. When the terminal device has
knowledge of available network slices, the request message may also comprise information on a
preferred network slice, e.g. an ID of the preferred network slice or a type of the preferred
network slice, such as for providing high security or low delay. Optionally, the request
message from the terminal device may further comprise any of the following: an ID or type of
the terminal device and an ID or type of a third party service provider who may be able to
provide the requested service.

[0069] The obtained information related to the one or more network slices may comprise at
least requirement information indicative of a requirement on the one or more network slices of a
third party service provider for providing the requested service to the terminal device.

[0070] For example, the requirement information of the third party service provider may
comprise at least one of: an ID of a required network slice; a type of the required network slice;
an ID of a preferred network slice; and a type of the preferred network slice.

[0071]  Besides, the requirement information of the third party service provider may further
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comprise any of the following: information on a condition (e.g. time, area, RAT, roaming status

of the terminal device) to apply the required or preferred network slice; information on a sponsor
of the required or preferred network slice, e.g. a third party service provider; a list of IDs of
terminal devices that are permitted to access the required or preferred network slice; and
description of traffic or service to be carried by the required or preferred network slice.

[0072] Then the network element in the RAN may select a network slice from the one or
more network slices for the terminal device based at least on the requirement information of the
third party service provider. This selection may be based further on a preference of the
terminal device for the network slices when the request message includes the related information,
the type of the service requested by the terminal device and/ or a strategy or policy of the
network operator for mapping between an application traffic or service type and the network
slice ID or type.

[0073] Once the network element in the RAN has selected the network slice, it may inform
the terminal device of the selected network slice for service provision.

[0074] Please note that, if there is no 3 party service provider involved or the front-end
business model is used, the terminal device can still access the RAN and thereby be served by a
selected one of the network slices of the core network in the illustrated architecture. However,
in this case, the serving network slice may be selected by the terminal device itself, for example
based on a preference or requirement of the terminal device and/ or a strategy or policy of the
network operator, which will be detailed later with reference to FIGs. 7-13.

[0075] FIG. 3 shows an interactive message flow of a specific example for the first solution
according to one embodiment of the present disclosure where the requirement information of the
third party SP is obtained directly from the SCEF.

[0076] As illustrated, the UE initiates, at step 1, connection establishment by sending a
request message to a network function in the RAN C-plane, such as a base station. The request
message may include UE related information, such as a UE preferred network slice ID and/ or
type, UE ID and/ or type, UE requested service type, and a possible third party OTT SP ID and/
or name for providing the requested service. Generally, for a legacy UE, the request message
may not include preferred network slice ID or type.

[0077] In response to receipt of the request message, a network function for selecting a
network slice collocated with the network element in the RAN C-plane consults, at step 2, the
SCEF by sending a request message, which may include the UE related info like UE ID, UE
type, UE preferred network slice ID and/ or type, UE requested service type, the third party OTT
SP ID and/ or name etc..

[0078] Upon reception of the request message from the RAN, the SCEF may interact with
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application functions operated by the third party OTT SP at step 3 to get requirement

information on a requirement of the third party OTT SP for one or more network slices, if the
requirement information is not available locally at the SCEF.

[0079] Then the SCEF may determine the requirement of the third party OTT SP at step 4
and may translate that requirement to an internal network resource requirement, for example to a
specific network slice ID number and/ or a specific network slice type.

[0080] Afterwards, the SCEF replies with a response message to the network function located
in the RAN C-plane to provide the requirement information of the third party OTT SP at step 5.
The response message may include a required or preferred slice ID and/ or type, an associated
condition, e.g. RAT, service time, location of the required or preferred slice, network slice
sponsor information and associated condition (e.g. service time, location) of the sponsor, a list of
IDs of UEs allowed to access the required or preferred network slice.

[0081] At step 6, the network function for selecting a network slice collocated in the RAN
C-plane may select a specific network slice for the UE based on the OTT SP’s requirement
information as provided from the SCEF, user related information as reported by the UE, as well
as a policy or strategy of the network operator on mapping between the application traffic or
service type and the network slice ID or type. For example, if a specific network slice ID or
type is reported by the UE, it will be considered as an input for final network slice selection.
Otherwise, if no network slice ID or type is reported by the UE, the UE requested service type
may be considered instead as an input for the final network slice selection.

[0082] Then at step 7, the network element in the RAN C-plane like the base station
collocated with the network function for selecting the network slice may reply with a response
message to the UE to confirm whether the connection is established successfully or not.

[0083] Afterwards, the UE can initiate, at step 8, a connection establishment process to the
selected network slice via a non-access stadium (NAS) signaling process. Related bearers or
tunnels to convey application layer traffic are established during the process.

[0084] Through the bearers or tunnels established between the UE and the selected network
slice, the UE sends, at step 10, a service request, such as a HTTP (Hyper Text Transport
Protocol) request towards an application server hosting the application functions.

[0085] At step 11, the application server replies with an application layer response message.
Then, the requested service is provided to the UE from the OTT SP.

[0086] FIG. 4 shows an interactive message flow of another example for the first solution
according to another embodiment of the present disclosure where the requirement information of
the third party OTT SP is obtained from the PRCF of a connected network slice.

[0087]  As illustrated, the UE initiates, at step 1, connection establishment by sending a
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request message to a network element in the RAN C-plane, such as a base station. The request

message may include UE related information, such as a UE preferred network slice ID and/ or
type, UE ID and/ or UE type, UE requested service type, and a possible third party OTT service
provider ID and/ or name for providing the requested service. Generally, for a legacy UE, the
request message may not include the preferred network slice ID or type.

[0088] In response to receipt of the request message, a network function for selecting a
network slice collocated with the network element in the RAN C-plane consults, at step 2, the
core network by sending a request message to a network function, e.g. MME, in the C-plane of a
default network slice of the core network that is connected to the RAN. This request message
may include the UE related information like the UE ID, UE type, UE preferred network slice ID
and/ or type, UE requested service type, the third party OTT SP ID and/ or name.

[0089] This network function in the C-plane of the default network slice may forward the
information included in the request message received from the RAN to the SCEF via a request
message at step 3. This request message may be relayed by another network function in the
core network, such as a gateway (GW).

[0090] Upon reception of the request message from the default network slice, the SCEF may
interact with application functions operated by the third party OTT SP at step 4 to get
requirement information on a requirement of the OTT SP for one or more network slices, if the
requirement information is not available locally at the SCEF.

[0091] Then the SCEF may determine the requirement of the OTT SP at step 5 and may
translate that requirement to an internal network resource requirement, for example to a specific
network slice ID number and/ or a specific network slice type.

[0092]  Afterwards, the SCEF sends a response message to a network function, e¢.g. PCRF,
located in the C-plane of the default CN network slice as a reply to provide the requirement
information of the OTT SP at step 6. The response message may include a required or
preferred slice ID and/ or type, an associated condition, e.g. RAT, time, location of the required
or preferred slice, network slice sponsor information and associated condition (e.g. time,
location), a list of IDs of UEs allowed to access the required or preferred network slice.

[0093] At step 7, the network function in the default CN network slice forwards the
requirement information received from the SCEF to the network element in the RAN C-plane by
a response message.

[0094] At step 8, the network function for selecting a network slice collocated in the RAN
C-plane may select a specific network slice for the UE based on the OTT service provider’s
requirement information as provided from the SCEF, user related information as reported by the

UE, as well as a policy or strategy of the network operator on mapping between application

15



10

15

20

25

30

35

WO 2017/113109 PCT/CN2015/099506
traffic or service type and network slice ID or type. For example, if a specific network slice ID

or type is reported by the UE, it will be considered as an input for final network slice selection.
Otherwise, if no network slice ID or type is reported by the UE, the UE requested service type
may be considered instead as an input for the final network slice selection.

[0095] The following steps 9-13 are the same as steps 7-11 in FIG. 3, which thus will not be
repeated for the purpose of simplicity.

[0096] In the first solution as illustrated in FIG. 2, the network function for service capability
exposure, e.g. SCEF, plays a key role of collecting requirement information from the third party
OTT SP. In the following, the operation of such a network function for service capability
exposure will be detailed with further reference to FIG. 5. FIG. § illustrates a flowchart of a
method 500 performed at this network function according to an embodiment of the present
disclosure, for exposing network service information and obtaining requirement information of
the third party service provider, for example. The network function for service capability
exposure may be an SCEF. For ease of description, the network function for service capability
exposure will be exemplarily represented by an SCEF in the following description. Please also
note that the embodiment illustrated in FIG. 5 is based on the architecture of FIG. 2.
Therefore, the core network, the radio network and the terminal device mentioned in relation to
method 500 of FIG. 5 has the same correspondence as those in FIG. 2.

[0097]  As illustrated in FIG. 5, the method 500 enters at block 510, in which the SCEF
collects status and capability information on one or more network slices of the core network.
As introduced above with reference to FIG. 2, the core network comprises a plurality of network
slices and is associated with the radio access network.

[0098] In various embodiments, the status and capability information may be collected from
surrounding functions, like the OSS/ BSS associated with the core network and/ or a network
function in the C-plane of each active network slice. The term “active” used herein means that
the corresponding network slice is already instantiated and currently in operation.

[0099] For example, the SCEF may collect, from the OSS/ BSS, information on all network
slices or services supported by the network operator for the core network, including but not
limited to, types and/ or identifiers of the supported services or network slices.

[00100] Alternatively or additionally, the SCEF may collect information on active network
slices from the OSS/ BSS or from a network function in the C-plane of each active network slice,
including but not limited to types and/ or identifiers of the active network slices.

[00101] Optionally, information on a load status, including C-plane load and U-plane load, of
each active network slice may be collected from the OSS/ BSS or from the network function in

the C-plane of each active network slice.
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[00102] Then at block 520, the SCEF determines sliced network service information based on

the collected status and capability information and then exposes, at block 530, the sliced
network service information to an application function(s) operated by a third party service
provider for providing a service to a terminal device via the radio access network, which means
the terminal device is under coverage of the radio access network. For example, the sliced
network service information may be conveyed to the application function(s) via an existing
Application Programming Interface (API) or an interface between the SCEF and the application
function so as to be exposed.

[00103] In various embodiments, the sliced network service information may comprise a list
of IDs and/ or types of network slices supported by the network operator for the core network,
available conditions (¢.g. available areas or time) of the network slices, an ID of a Public Land
Mobile Network (PLMN) associated with the network slices, and/ or characteristics of the
network slices.

[00104] Alternatively or additionally, the sliced network service information may comprise a
list of IDs and/ or types of active network slices, available conditions (e.g. available areas or
time) of the active network slices, an ID of the PLMN associated with the active network slices,
and/ or characteristics of the active network slices.

[00105] Optionally, the sliced network service information may further comprise information
on a load status, including C-plane load and U-plane load, of each active network slice.

[00106] Once the sliced network service information is exposed to the application function(s),
the application function(s) can generate a respective requirement for one or more network slices
of the core network based on the sliced network service information and optionally further on
service and business requirements of the third party service provider. The collection of these
requirements of various application functions represents the requirement for the network slices
of the third party service provider.

[00107] Accordingly, in an embodiment, the method 500 may further comprise obtaining, at
block 540, requirement information on a requirement for one or more network slices of the third
party service provider from the application function that generates the requirement based at least
on the sliced network service information. For example, the requirement information may be
conveyed from the application functions to the SCEF via the existing API or the interface
between the SCEF and the application functions.

[00108] As described above, the requirement information of the third party service provider
may comprise at least one of: an ID of a required network slice; a type of the required network
slice; an ID of a preferred network slice; and a type of the preferred network slice.

[00109] Besides, the requirement information of the third party service provider may further
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comprise, but not limited to, any of the following: information on a condition (e.g. time, area,

RAT, roaming status of the terminal device) to apply the required or preferred network slice;
information on a sponsor of the required or preferred network slice, e.g. the network operator or
a third party service provider; a list of IDs of terminal devices that are permitted to access the
required or preferred network slice; and description of traffic or service to be carried by the
required or preferred network slice.

[00110] Then, the SCEF may transmit, at block 550, the requirement information of the third
party service provider to a network element in a radio access network so as to facilitate selection
of a network slice in the radio access network for the terminal device.

[00111] Additionally, upon reception of the requirement information, the SCEF may also
perform admission control of the requirement from the application function and accordingly
reject the requirement if the admission control of that requirement fails or accept the
requirement if the admission control of that requirement succeeds, for example by scheduling
network resources to fulfill the corresponding requirement through interaction with a network
function in the C-plane of the required network slice and/ or with the OSS/ BSS.

[00112] FIG. 6 shows an interactive message flow of a specific example for the method 500
performed at SCEF according to one embodiment of the present disclosure.

[00113] Asillustrated, at step 1, the SCEF interacts with the OSS/BSS associated with the core
network to collect information about all network slices supported by the network operator for
the core network.  The information may include IDs or types of the network slices, description
of each type of the network slice, and availability of each type of the network slice.

[00114] In order to trace the status of each active network slice, the SCEF may also interact
with the C-plane function of each active network slice to collect information about all active
network slices. The information may include IDs or types of the active network slices, and a
load status (e.g. C-plane load and U-plane load) of each active network slice at step 2. Please
note that step 2 may be performed before step 1 or in parallel with step 1.

[00115] At step 3, based on the information collected from the surrounding functions and a
policy of the network operator, the SCEF determines sliced network service information that
may be exposed to the third party OTT service provider.

[00116] At step 4, the SCEF may actively expose the sliced network service information to the
AF of the third party service provider via a message or reactively expose the sliced network
service information to the AF as a response to receipt of a request message from the AF for
requesting the sliced network service information. The request message may include any of the
following information: a list of IDs or types of the network slices supported by the network

operator, available conditions (e.g. available areas or time) of the network slices, an ID of the
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PLMN associated with the network slices, a list of IDs or types of the active network slices,

available conditions (e.g. available areas or time) of the active network slices, an ID of the
PLMN associated with the active network slices; and the load status of each active network slice,
including C-plane load and U-plane load.

[00117] Then, at AF side, based on the sliced network service information as exposed by the
SCEF, as well as service and/ or business requirements of the third party OTT service provider,
the AF may generate, at step 5, a specific service requirement for a network slice. Although
there is only one AF shown in the figure, there may be more AFs operated by the third party
OTT service provider. In such a case, each of the AFs may generate a specific service
requirement for a network slice. The collection of these requirements of various AFs
represents the requirement for the network slices of the third party service provider.

[00118] At step 6, the AF replies with a response message to the SCEF to confirm that the
network service information has been successfully received.

[00119] Then at step 7, the AF may request sliced network service by sending a request
message to the SCEF. The request message may include information on the network slice
requirement of the AF. For example, the information may include, but not limited to, the ID
and/ or type of the required network slice, a list of IDs of terminal devices allowed to access the
required network slice, description of traffic or service carried by the required network slice,
information on the network slice sponsor, and associated condition of the required network slice.
Please note that steps 6 and 7 may alternatively be combined as one step.

[00120] At step 8, upon receiving the request message from the AF, the SCEF may perform
admission control for the requirement, for example based on network slice related subscription
information, the network operator’s policy, availability and scalability of the required network
slice and a specific requirement of the third party SP, to determine if the network slice related
requirement included in the service request can be accepted or rejected.

[00121] At step 9, the SCEF replies with a response message to the AF to inform whether the
service requirement can be fulfilled or not.

[00122] Then at step 10, if the network slice related requirement has passed the admission
control, the SCEF may interact with the OSS/BSS to instantiate the required network slice or
scale the capacity of the required network slice to fulfill the committed sliced network service.
[00123] In addition, at step 11, the SCEF may interact with the CN C-plane network function
like PCRF to update policy configuration to admit the OTT service of the third party OTT
service provider.

[00124] Furthermore, at step 12, the SCEF may interact with the RAN C-plane function for

network slice selection to assist the slice selection for the UE who 1s an OTT service user.
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[00125] 1t shall be appreciated that steps 10-12 may be performed in a different order or in

parallel.

[00126] Until now, the SCEF has obtained requirement information for one or more network
slices of the third party service provider. The SCEF may store this requirement information
locally and provide it to the RAN directly or indirectly when needed, as discussed above with
reference FIGs. 2-4. If the requirement information is not stored or available at the SCEF, the
SCEF may perform the method 500 to obtain the requirement information when needed.

[00127] By means of the first solution as described above with reference to FIGs. 2-6,
preferences or requirements of the third party service provider can be considered in selection of
a network slice for service provision to terminal devices. Thus, it makes feasible for 5G
network operators to effectively adopt the back-end business model service provision that is
implemented via various network slices. Furthermore, the proposed architecture is in line with
existing 3GPP network architecture and less cost needs to be devoted to infrastructure
improvement. Therefore, the proposed solution is simple and feasible from implementation
perspective since existing interfaces and network functions can still be used.

[00128] In the first solution, the network slice selection is performed in the RAN, which can
effectively solve the problem regarding application of the back-end business model in 5G
networks involving network slicing. In some cases, it may be more appropriate or efficient for
a UE, especially for a roaming UE itself to select a specific network slice to convey user
expected application traffic. For example, for a roaming UE involved in traffic control service,
if there are several Virtual PLMNs (VPLMNSs) are available at the roaming area, some VPLMN
may provide a network slice for the traffic control service, while other VPLMNSs cannot provide
the network slice for the traffic control service. If the roaming UE doesn’t know capabilities of
network slices of each VPLMN beforehand, and the VPLMN unable to provide the slice for the
traffic control service is selected, then the roaming UE may be rejected or redirected to a default
slice that couldn’t fulfill service requirement of the traffic control. Then user experience may
be deteriorated.

[00129] The following embodiments of the present disclosure propose a solution (which may
be referred to as a second solution hereafter) for distributing network slice information to
facilitate service provision to a terminal device.

[00130] FIG. 7 shows architecture illustrating the second solution for distributing network
slice information according to an embodiment of the present disclosure. It shall be appreciated
that the second solution can be used alone or in combination with the first solution as described
above with reference to FIGs. 2-6, particularly when the back-end business model is applied.

[00131] In FIG. 7, there is illustrated a RAN and a core network CN associated with the RAN.
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The core network comprises a plurality of network slices (although two slices are shown only

for illustration), which means a network operator for the core network supports the plurality of
network slices. Each of the network slices may comprise its own network elements or
functions, like MME and PCRF. A terminal device can access the RAN and thereby be served
by a selected one of the network slices of the core network. The term “associated” used herein
for “the core network associated with the RAN” means that the RAN and the core network can
collaborate to provide services to a terminal device under coverage of the RAN, and the terminal
device can establish a connection with a network slice of the core network via the RAN. The
core network and the RAN may or may not be operated by the same network operator.

[00132] In the second solution as illustrated, a network element, e.g. a base station, in the
RAN can obtain information related to one or more network slices of the core network from
another network element. Particularly, the information may be obtained from the OSS/BSS in
a configuration message or from a network function (such as MME) in the CN C-plane during
connection establishment between the CN C-plane and the RAN C-plane.

[00133] The obtained information related to the one or more network slices may comprise at
least one of the following: information on IDs of connected network slices of the core network;
and information on types of the connected network slices of the core network.

[00134] The network element in the RAN may store the obtained information in a local
database. Furthermore, the network element may update the stored information by adding
information on a network slice to the database when that network slice is instantiated and a
connection with that network slice is established or removing information on a network slice
from the database when the connection with that network slice is disconnected. ~Alternatively
or additionally, the network element may update the stored information when the usage, service
or traffic type of the connected network slice is changed.

[00135] The obtained information related the one or more network slices may comprise a list
of IDs and/ or types of all network slices connected with the RAN.

[00136] The network element in the RAN then broadcasts the information related to the one or
more network slices to the terminal device as at least a part of system information, e.g. in Master
Information Block (MIB) or System Information Block (SIB) so that the terminal device can
select a preferred network slice based at least on the obtained information. The information
may be periodically broadcasted or aperiodically only when any change occurs in that
information.

[00137] For example, the information on IDs or types of the connected network slices is
defined with a number of bits or organized as a part of PLMN related information. This

information may be enriched with PLMN ID information to indicate that the corresponding
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network slice is provided by a specific PLMN.

[00138] From the network slice related information broadcasted by the RAN, the terminal
device can know available network slices IDs and/ or types in the area and even their association
with the PLMN, based on which the terminal device can select a desired network slice and
additionally an appropriate PLMN for efficient service provision.

[00139] By means of the second solution, when a terminal device initiates a connection
establishment request to the RAN, the terminal device may include information on the network
slice selected by itself in a request message to indicate its own preference for the network slice
to be used for service provision. When a third party service provider is involved or the
back-end business model is applied, the preference or requirement of the third party service
provider may also need to be considered. In such a case, the RAN may select a more
appropriate network slice for the terminal device based on the information on the selected
network slice of the terminal device as well as the requirement information of the third party
service provider, with consideration of preferences or requirements of both the terminal device
and the third party service provider.

[00140] FIG. 8 shows an interactive message flow of a specific example for the second
solution according to one embodiment of the present disclosure where network slice related
information is obtained from each connected CN network slice.

[00141] As illustrated, at step 1, a network function like a base station in the RAN C-plane
(which will be referred to as RAN C-plane network function) sends a request message to a CN
C-plane network function like MME of a CN network slice to establish a connection between
the RAN C-plane and the CN C-plane.

[00142] Upon receipt of the request message, the CN C-plane network function like MME of
the network slice may determine information on that network slice to be provided to the RAN at
step 2.

[00143] Then, at step 3, the CN C-plane network function replies with a response message to
the RAN to confirm successful connection establishment. Especially, the response message
will include the information on the network slice, including slice ID and/ or slice type supported
by the network slice.

[00144] From the response message, the RAN C-plane network function can know the slice ID
and/ or the slice type supported by the network slice. Then the RAN C-plane network function
stores and maintains the slice ID and/ or slice type in a local database at step 4.

[00145] The RAN C-plane network function may repeat the process from step 1 to step 4 with
other configured CN C-plane network functions and obtain slice ID and/ or slice type

information of each connected CN network slice. The slice ID and/ or slice type information
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from each connected CN network slice is used as input for system information generation.

[00146] At step 5, the RAN C-plane network function broadcasts the system information in
MIB or SIB over air interface to the UE under its coverage. The broadcasted system
information includes a list of slice IDs and/ or slice types supported by all CN network slices
connected with the RAN. Additional information, such as an association between the slice ID
or type and the PLMN ID may also be included in the MIB or SIB.

[00147] Then at step 6, based on the system information as included in the MIB or SIB, the
UE can know the CN network slice IDs/ types that are available in the area and the association
between the slice ID and the PLMN ID. The UE then selects a specific network slice based on
the available slice ID and/ or type in the area, its traffic or service type, its own preference or its
local settings. If the association between the slice ID and the PLMN ID is also known, the UE
may first select a specific PLMN and then select the network slice provided by that PLMN.
[00148] Afterwards, the UE can initiate a connection establishment process to the RAN via
Access Stratum (AS) signaling at step 7. The selected slice ID or type may be informed to the
RAN C-plane function during the process.

[00149] At step 8, the UE may initiate a connection establishment process to the selected CN
network slice via NAS signalling. Related bearers or tunnels to convey application layer traffic
are established during the process.

[00150] At step 9, through the bearers or tunnels established between the UE and the CN
network slice, the UE sends a service request, such as an HTTP request, to an application server
hosting an application function.

[00151] At step 10, the CN U-plane function like S/P-GW in the network slice may intercept
the user traffic and enforce a certain policy to the user traffic. Then, the user traffic is routed
further to the application server.

[00152] At step 11, the application server replies with an application layer response message.
Thereby, the OTT service can be provided to the UE.

[00153] It shall be appreciated that the operations from step 7 to step 11 are well known to
those skilled in the art, which are mentioned herein merely for the purpose of description
integrity.

[00154] FIG. 9 shows an interactive message flow of a specific example for the second
solution according to another embodiment of the present disclosure where network slice related
information is obtained from the OSS/ BSS.

[00155] As illustrated, at step 1, the OSS/BSS interacts with a cloud management and
orchestration system, e.g. Network Functions Virtualization Orchestrator (NFVO), to initiate or

terminate a core network slice based on business requirements.
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[00156] Based on network slice status information as informed by the NFVO, the OSS/BSS

generates configuration information for the RAN at step 2. Particularly, the configuration
information includes information on all active network slices that are to be connected with the
RAN, including IDs and/ or types of these network slices.

[00157] At step 3, the OSS/BSS system provides the configuration information to the RAN
C-plane network function by a message. Particularly, the message includes a list of IDs and/ or
types supported to all active CN slices that will be connected with the RAN.

[00158] At step 4, the RAN C-plane network function replies with a response message to the
OSS/BSS to confirm the related configuration information has been successfully received.
[00159] At step 5, based on the configuration information provided by the OSS/BSS, the RAN
C-plane network function can know the slice ID and/ or the slice type supported by each
connected network slice. Then the RAN C-plane network function stores and maintains the
slice ID and/ or slice type in a local database.

[00160] The following steps 6-12 are the same as steps 5-11 of FIG. 8, which thus will not be
repeated for the purpose of simplicity. '

[00161] In order to assist an UE for network selection and traffic or service distribution over
different access networks in the context of both 3GPP access and non-3GPP access, as indicated
in FIG. 10, an Access Network Discovery and Selection Function (ANDSF) is introduced to
assist the UE for network discovery, as well as for a network operator to steer user traffic across
different access networks and core networks. So far, many different policies have been defined
in 3GPP for traffic steering, such as the Inter-system mobility policy and inter-system routing
policy. Usually, a network operator can realize its strategy by providing policy information
from an ANDSF server to an ANDSF client at UE side. Based on the policy information from
network side and possibly other information, the UE can sclect different specific access
networks to access different services. In addition, another type of policy is defined as the
Inter-APN (Access Point Name) routing policy to assist an Inter-APN capable UE to select a
specific PDN (Public Data Network) connection to route a specific IP traffic flow in the case of
more than PDN connections for the UE to access a specific service.

[00162] As introduced in the Background section, it can be expected that 5G networks will
be deployed over cloud infrastructure. In a cloud environment, it is highly possible that a
specific network slice is dynamically instantiated/ terminated or scaled out/ in to supporf a
flexible business model and efficient resource utilization. The network slice provided by a
network operator is more dynamic compared to a traditional network deployed in a non-cloud
environment. In the case of more than one network slices being deployed, a UE may access

one or more network slices simultaneously due to different applications or services. In this

24



10

15

20

25

30

35

WO 2017/113109 PCT/CN2015/099506
situation, one important issue is how to steer user traffic to an appropriate slice based on the

operator’s policy, a network slice provision status and user preferences. Ideally, a specific UE
type or a specific service type is supposed to access a specific network slice that is ideally
matched. In the practical situation, it couldn’t be guaranteed that the ideal slice is always
available and in a right load status. In addition, the mapping relation between the slice and the
UE or service type may be dynamic in a changing business environment.

[00163] For example, an ideal slice for a Tactile Internet application is out of service or
overloaded, there are still many Tactile Internet UEs trying to access the “ideal” slice. Then,
these UEs would be rejected or redirected to other slices, which would result in a large signaling
overhead and deteriorated user experience for Tactile Internet users.

[00164] As another example, when a network slice used for the Tactile Internet is in a trial
phase, if a normal Tactile Internet user selects that slice and some problem happens in the
network function of that network slice before it is successfully verified, then user experience
would be negatively impacted. Once the network function and performance of the network
slice is verified, normal Tactile Internet users are expected to access the slice for Tactile Internet
applications. It means that the operators’ policy for UEs to access a specific network slice may
change over time. If this change is not updated to UEs timely, the problem as explained above
will happen.

[00165] Although the current ANDSF system is effective to steer user traffic across different
access networks and an IP exit interface of the core network (represented by APN), the existing
ANDSF based solution doesn’t take the new network capability brought by network slicing into
account and may not work well in 5G sliced networks.

[00166] The following embodiments of the present disclosure propose a solution (which may
be referred to as a third solution hereafter) for traffic steering to facilitate service provision to a
terminal device.

[00167] FIG. 11 shows architecture illustrating the third solution for traffic steering according
to an embodiment of the present disclosure. It shall be appreciated that the third solution can
be used alone or in combination with the first and/ or second solutions as described above with
reference to FIGs. 2-9, for example when the back-end business model is applied, for more
flexible and efficient service provision to the terminal device .

[00168] In FIG. 11, there is illustrated a RAN and a core network CN associated with the
RAN. The core network comprises a plurality of network slices (although two slices are shown
only for illustration), which means a network operator for the core network supports the plurality
of network slices. Each of the network slices may comprise its own network elements or

functions, like MME and PCRF. A terminal device can access the RAN and thereby be served
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by a selected one of the network slices of the core network. The term “associated” used herein

for “the core network associated with the RAN” means that the RAN and the core network can
collaborate to provide services to a terminal device under coverage of the RAN and the terminal
device may establish a connection with a network slice of the core network via the RAN. The
core network and the RAN may or may not be operated by the same network operator.

[00169] In the third solution as illustrated, a network element, e.g. a base station, in the RAN
can obtain information related to one or more network slices of the core network from another
network element, e.g. ANDSF or a similar network function in the CN C-plane. Particularly,
the information may comprise a traffic steering policy generated at the other network element.
[00170] In this solution, the network element in the RAN does not perform any processing on
the obtained information, but instead forward the obtained information transparently to the
terminal device.

[00171] Actually, information on the traffic steering policy may be provided to the terminal
device via an S14 type of interface. This provision is not limited to being forwarded by the
RAN. For example, the information on the traffic steering policy generated at the ANDSF or
the similar network function in the CN C-plane may be forwarded transparently via other access
networks, e.g. WiFi networks, to the terminal device.

[00172] The traffic steering policy is generated at the ANDSF or the similar network function
in the CN C-plane based on at least one of the following: a network slice status from the OSS/
BSS; a traffic steering policy of the network operator, e.g. a mapping relation between a service
or traffic type or a type of the terminal device and the network slice type; requirement
information on one or more network slices of a third party service provider for the terminal
device as discussed above; and information related to the terminal device, e.g. a location, type,
and roaming status.

[00173] FIG. 12 illustrates a flowchart of a method 1200 performed at a network function in
the core network, e.g. ANDSF or a similar network function in the CN C-plane, according to an
embodiment of the present disclosure. The method 1200 will be described based on the
architecture as illustrated in FIG. 11. The core network comprises a plurality of network slices
and is associated with a radio access network. For ease of description, the network function in
the CN C-plane will be exemplarily represented by ANDSF in the following description.

[00174] As illustrated, the method 1200 enters at block 1210, in which assistance information
for network slice selection is collected from surrounding functions, e.g. from the OSS/ BSS, or
from application function(s) operated by a third party service provider.

[00175] For example, the OSS/ BSS may provide any of the following information: IDs and/

or types of the network slices of the core network; an instantiation status (e.g. being instantiated

26



10

15

20

25

30

35

WO 2017/113109 PCT/CN2015/099506
or terminated) of each of the network slices; a load status (e.g. light load, normal load or

overload) of each of the network slices; and a traffic steering policy or strategy of a network
operator for the core network, e.g. which network slice is preferred and its associated traffic,
service or usage type with regard to respective users.

[00176] The application function(s) of the third party service provider may provide preference
information of the third party service provider, e.g. an ID and/ or type of a preferred or required
network slice, traffic or service description information, UE ID information, and associated
conditions like an access network type, UE location or time for requesting a service etc..

[00177] In addition, network slice related subscription information may be collected from a
subscription database in the core network. For example, this information may indicate which
network slice is permitted or forbidden for a specific terminal device.

[00178] Also, the terminal device may report its own information to the network function in
the CN C-plane, e.g. a type of the terminal device, a traffic, service or usage type, and a
preferred network slice ID and/ or type.

[00179] Then at block 1220, a traffic steering policy is generated based at least on the
assistance information.

[00180] For example, when generating the policy, the ANDSF may base on the network slice
status information from the OSS/BSS to add one slice ID in the traffic steering policy if a new
slice is instantiated, or remove a slice ID from the traffic steering policy if the corresponding
slice is terminated.

[00181] Based on the network operator’s strategy or policy as configured from the OSS/BSS,
the ANDSF may determine a slice ID and/ or type for a type of UEs, while it may determine
another slice ID and/ or type for another type of UEs. In addition, the ANDSF may determine
a slice ID and/ or type for UEs involved in a type of application or traffic, while it may
determine another slice ID and/ or type for UEs involved in another type of application or
traffic.

[00182] Based on the requirement information from the application function(s) of the third
party service provider, a specific network slice is prioritized over another network slice for the
terminal device at a certain condition. It could be different for another terminal device or at a
different condition.

[00183] Based on the subscription information, a certain slice may be permitted for a user,
while another certain slice is not permitted. The slice ID and/ or type included in the generated
traffic steering policy will be set accordingly.

[00184] Based on the UE related info, a certain slice type may be determined for a specific UE

type at one location, while another slice type can be determined for a different UE type or at a
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different location. Besides, a certain slice may be selected for a UE in a roaming scenario,

while another slice maybe selected for the same UE in a non-roaming scenario.

[00185] Furthermore, the slice ID and/ or type may be determined based on RAT or access
network capability that is available in the area where the terminal device is located.

[00186] In an embodiment, the generated traffic steering policy may comprise at least one of
the ID of a preferred network slice and the type of the preferred network slice.

[00187] In a further embodiment, the generated traffic steering policy may further comprise
any of the following: a list of IDs of preferred network slices; a list of types of the preferred
network slices; a priority indication associated with each of the preferred network slices;
description information on a type of traffic or service carried by each of the preferred network
slices; and a validity condition of the traffic steering policy.

[00188] At block 1230, the ANDSF provides the traffic steering policy to a terminal device
under coverage of the radio access network so that the terminal device can select an appropriate
network slice of the core network based on the traffic steering policy and possibly based further
on user preferences and its local information. In some cases, user preferences may override the
traffic steering policy provided from the network side if permitted by the policy.

[00189] FIG. 13 shows an interactive message flow of a specific example for the third
solution according to one embodiment of the present disclosure. In this embodiment, the
ANDSF is used as an example of the network function in the CN C-plane.

[00190] As illustrated, at step 1, the UE may actively contact the ANDSF by a request
message to retrieve a traffic steering policy. In order to assist the ANDSF for more effective
policy generation, the UE may report some UE related information, like UE type, traffic type or
service type to the ANDSF by the message.

[00191] Upon reception of the request message from the UE, the ANDSF may contact
surrounding network functions to get assistance information if it is not available locally, so as to
generate a traffic steering policy for the UE.

[00192] At step 2, the ANDSF interacts with the OSS/BSS to get a network operator’s policy
or strategy on traffic steering, particularly on network slice selection, and slice status
information of each network slice for the UE. The OSS/BSS provides the ANDSF with the
operator’s strategy or policy on traffic steering across network slices, which may comprise a list
of preferred network slice IDs and/ or types, the associated traffic type or service type, and a list
of UE IDs that are allowed to access the preferred network slices.

[00193] At step 3, the ANDSF interacts with the Home Subscriber Server (HSS) to get
network slice related user subscription information. The HSS provides the ANDSF with the

network slice related user subscription information, e.g. the subscribed network slice ID and/ or
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type.
[00194] At step 4, the ANDSF interacts with the application function(s) operated by a third
party OTT service provider as indicated in the UE related information directly or indirectly
through an intermediate function like SCEF, to get a preference or requirement on a specific
network slice to convey user traffic. The application function(s) replies with requirement
information of the third party OTT provider for network slice selection. The preference or
requirement information may include a list IDs and/ or types of preferred slices, description
information on associated traffic or service, and related UE information.
[00195] Please note that not all of the steps 2-3 are mandatory. For example, the method can
still work without step 4. Please also note steps 2-4 are not necessarily performed in the order
as shown. Rather, they can be performed in a different order or in parallel.
[00196] At step 5, based on the UE related information reported from the UE, the assistance
information including the network operator’s strategy or policy retrieved from the OSS/BSS, the
network slice related user subscription information from the HSS, and/ or the third party OTT
scrvice provider’s requirement information from the application function(s), the ANDSF
generates a traffic steering policy for the UE.
[00197] At step 6, the ANDSF provides the generated traffic steering policy to the UE with a
response message. The response message may include but not limited to the following
information: a list of IDs of preferred network slices; a list of types of the preferred network
slices; a priority indication associated with each of the preferred network slices; description
information on a type of traffic or service carried by each of the preferred network slices; and/ or
a validity condition of the traffic steering policy.
[00198] At step 7, the UE applies the traffic steering policy as informed by the ANDSF. In
particular, the UE selects a specific network slice based on this traffic steering policy, and
optionally based further on UE local information and user preference information. Sometimes,
the user preference may override the traffic steering policy informed from network side if
permitted by the policy.
[00199] Afterwards, the UE can initiate a connection establishment process to the RAN via
Access Stratum (AS) signaling at step 8. The selected slice ID/ type may be informed to the
RAN C-plane function during the process. ‘
[00200] At step 9, the UE may initiate a connection establishment process to the selected CN
network slice via NAS signalling.  Related bearers or tunnels to convey application layer traffic
are established during the process.
[00201] At step 10, through the bearers or tunnels established between the UE and the CN

network slice, the UE sends a service request, such as an HTTP request, to an application server
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hosting an application function.

[00202] At step 11, the CN U-plane function like S/P-GW in the network slice may intercept
the user traffic and enforce a certain policy to the user traffic. Then, the user traffic is routed
further to the application server.

[00203] At step 12, the application server replies with an application layer response message.
Thereby, the OTT service can be provided to the UE.

[00204] Clearly, the first, second and third solutions can be applied alone respectively or in
combination so as to more efficiently and flexibly select a more appropriate network slice for a
UE in various scenarios, such as a third party SP involved scenario, a roaming scenario etc.. In
an embodiment where the second and third solutions are combined, a UE may obtain traffic
steering policy information from an ANDSF and meanwhile obtain network slice information
from the RAN. Based at least on both of the obtained information, the UE can select a desired
network slice for a certain service provision. In a further embodiment, if the service is
provided by a third party SP, the RAN can select an appropriate network slice for the UE in
overall consideration of both the UE’s own preference and the requirement of the third party SP
as well as factors.

[00205] In general, FIG. 14 illustrates a flowchart of a method 1400 for service provision at a
network element in a radio access network associated with a core network comprising a plurality
of network slices according to embodiments of the present disclosure.

[00206] Particularly, the method 1400 enters at block 1410, in which information related to
one or more network slices of the core network is obtained from another network element.
Then at block 1420, service provision via the core network to a terminal device under coverage
of the radio access network is facilitated by informing the terminal device of information that is
based at least on the obtained information.

[00207] In some embodiments which may correspond to the first solution as discussed above,
the information related to the one or more network slices may be obtained in response to receipt
of a request message from the terminal device for requesting a service. In these embodiments,
the information related to the one or more network slices may comprise at least requirement
information indicative of a requirement on the one or more network slices of a third party
service provider for providing the requested service to the terminal device. Furthermore,
facilitating service provision via the core network to the terminal device may be implemented by
selecting, at block 1421, a network slice from the one or more network slices for the terminal
device based at least on the requirement information of the third party service provider and then
informing, at block 1422, the terminal device of the selected network slice.

[00208] In an embodiment, the requirement information of the third party service provider
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may comprise at least one of the following: an identifier of a required network slice; a type of

the required network slice; an identifier of a preferred network slice; and a type of the preferred
network slice.

[00209] In a further embodiment, the requirement information of the third party service
provider may further comprise any of the following: information on a condition to apply the
required or preferred network slice; information on a sponsor of the required or preferred
network slice; a list of identifiers of terminal devices that are permitted to access the required or
preferred network slice; and description of traffic or service to be carried by the required or
preferred network slice.

[00210] In yet another embodiment, the network element may be a network function for
selecting a network slice in the control plane of the radio access network, while the other
network element may be a SCEF or a network function, e.g. PRCF, in the control plane of a
connected network slice of the core network, which may receive the information related to the
one or more network slices from the SCEF.

[00211] In some other embodiments which may correspond to the first solution as discussed
above, the obtained information related to the one or more network slices may comprise at least
one of the following: information on identifiers of connected network slices of the core network;
and information on types of the connected network slices of the core network. The network
clement may be a base station in the radio access network, while the other network element may
be a network function, e.g. MME, in the control plane of each of the connected network slices of
the core network or the OSS/BSS associated with the core network.

[00212] In an embodiment, facilitating service provision via the core network to the terminal
device may be implemented by broadcasting, at block 1423, the obtained information to the
terminal device as at least a part of system information so that the terminal device can select a
preferred network slice based at least on the obtained information.

[00213] In another embodiment, obtaining information related to the one or more network
slices may further comprise storing the information related to the one or more network slices and
updating the stored information in response to a change in the connected network slices.

[00214] In some other embodiments which may correspond to the third solution as discussed
above, the obtained information related to the one or more network slices may comprise a traffic
steering policy generated at the other network element.

[00215] In an embodiment, facilitating service provision via the core network to a terminal
device may be implemented by forwarding, at block 1424, the obtained information
transparently to the terminal device. The other network element may be an ANDSF, in the

control plane of the core network.
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[00216] In another embodiment, the traffic steering policy may be generated at the other

network element based on at least one of the following: a network slice status from an
operations support system/business support system, OSS/BSS; a traffic steering policy of a
network operator for the core network; requirement information on one or more network slices
of a third party service provider for the terminal device; and information related to the terminal
device.

[00217] FIG. 15 illustrates a schematic block diagram of an apparatus 1500 adapted for
service provision at a network element in a radio access network associated with a core network
comprising a plurality of network slices according to embodiments of the present disclosure.
[00218] Particularly, the apparatus 1500 comprises an information obtaining unit 1510
configured to obtain information related to one or more network slices of the core network from
another network element and a service provision facilitating unit 1520 configured to facilitate
service provision via the core network to a terminal device under coverage of the radio access
network by informing the terminal device of information that is based at least on the obtained
information.

[00219] In some embodiments which may correspond to the first solution as discussed above,
the information obtaining unit may be configured to obtain the information related to the one or
more network slices in response to receipt of a request message from the terminal device for
requesting a service. In these embodiments, the information related to the one or more network
slices may comprise at least requirement information indicative of a requirement on the one or
more network slices of a third party service provider for providing the requested service to the
terminal device. The service provision facilitating unit 1520 may be configured to select a
network slice from the one or more network slices for the terminal device based at least on the
requirement information of the third party service provider and to inform the terminal device of
the selected network slice.

[00220] In an embodiment, the requirement information of the third party service provider
may comprise at least one of: an identifier of a required network slice; a type of the required
network slice; an identifier of a preferred network slice; and a type of the preferred network
slice.

[00221] In another embodiment, the requirement information of the third party service
provider may further comprise any of the following: information on a condition to apply the
required or preferred network slice; information on a sponsor of the required or preferred
network slice; a list of identifiers of terminal devices that are permitted to access the required or
preferred network slice; and description of traffic or service to be carried by the required or

preferred network slice.
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[00222] In a further embodiment, the network element in the radio access network may be a

network function for selecting a network slice in the control plane of the radio access network,
while the other network element may be an SCEF or a network function in the control plane of a
connected network slice of the core network. In the latter case, the information related to the
one or more network slices may be received by the network function in the control plane of the
core network from the SCEF.

[00223] In some other embodiments which may correspond to the second solution as discussed
above, the obtained information related to the one or more network slices may comprise at least
one of the following: information on identifiers of connected network slices of the core network;
and information on types of the connected network slices of the core network. The service
provision facilitating unit 1520 may be configured to broadcast the obtained information to the
terminal device as at least a part of system information so that the terminal device can select a
preferred network slice based at least on the obtained information.

[00224] In an embodiment, the information obtaining unit 1510 may be configured to store the
information related to the one or more network slices and to update the stored information in
response to a change in the connected network slices.

[00225] In a further embodiment, the network element may be a base station in the radio
access network, while the other network element may be a network function in the control plane
of each of the connected network slices of the core network or an OSS/BSS associated with the
core network.

[00226] In some other embodiments which may correspond to the third solution as discussed
above, the obtained information related to the one or more network slices may comprise a traffic
steering policy generated at the other network element. The service provision facilitating unit
1520 may be configured to forward the obtained information transparently to the terminal
device.

[00227] In an embodiment, the traffic steering policy may be generated at the other network
element based on at least one of the following: a network slice status from an operations support
system/business support system, OSS/BSS; a traffic steering policy of a network operator for the
core network; requirement information on one or more network slices of a third party service
provider for the terminal device; and information related to the terminal device.

[00228] In a further embodiment, the other network element may be an ANDSF in the control
plane of the core network.

[00229] The above units 1510 and 1520 may be configured to implement corresponding
operations or steps and to achieve corresponding technical effects as described with reference to

FIGs. 2-14, and thus will not be detailed herein for the purpose of simplicity.
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[00230] FIG. 16 illustrates a schematic block diagram of an apparatus 1600 at a network

element for service capability exposure, e.g. SCEF, according to some embodiments of the
present disclosure.

[00231] Particularly, the apparatus 1600 comprises a collecting unit 1610, a determining unit
1620 and an exposing unit 1630. The collecting unit 1610 is configured to collect status and
capability information on one or more network slices of a core network that comprises a
plurality of network slices and is associated with a radio access network. The determining unit
1620 is configured to determine sliced network service information based on the collected status
and capability information. The exposing unit 1630 is configured to expose the sliced network
service information to an application function operated by a third party service provider for
providing a service to a terminal device via the radio access network.

[00232] The apparatus 1600 may further comprise an obtaining unit 1640 and a transmitting
unit 1650. The obtaining unit 1640 is configured to obtain requirement information on a
requirement for one or more network slices of the third party service provider from the
application function that generates the requirement based at least on the sliced network service
information. The transmitting unit 1650 is configured to transmit the requirement information
to a network element in the radio access network so as to facilitate selection of a network slice in
the radio access network for the terminal device.

[00233] In an embodiment, the apparatus 1600 may further comprise an admission control unit
1660 configured to perform admission control for the requirement from the application function
and a control unit 1670 configured to reject the requirement if the admission control for that
requirement fails and to accept the requirement if the admission control for that requirement
succeeds.

[00234] The above units 1610-1670 may be configured to implement corresponding operations
or steps and to achieve corresponding technical effects as described with reference to FIGs. 7-9,
and thus will not be detailed herein for the purpose of simplicity.

[00235] FIG. 17 illustrates a schematic block diagram of an apparatus 1700 at a network
element, e.g. ANDSF, in a core network comprising a plurality of network slices according to
some embodiments of the present disclosure, wherein the core network is associated with a radio
access network.

[00236] Particularly, the apparatus 1700 comprises a collecting unit 1710, a generating unit
1720 and a providing unit 1730. The collecting unit 1710 is configured to collect assistance
information for network slice selection from surrounding functions. The generating unit 1720
is configured to generate a traffic steering policy based at least on the assistance information.

The providing unit 1730 is configured to provide the traffic steering policy to a terminal device
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under coverage of the radio access network so that the terminal device can select a network slice

of the core network based at least on the traffic steering policy for service provision via the
selected network slice and the associated radio access network.

[00237] In an embodiment, the collecting unit 1710 may be configured to perform at least one
of: collecting at least one of the following from an OSS/BSS associated with the core network,
an identifier, type, instantiation status, load status of each of the network slices of the core
network, and a network slice selection strategy of a network operator for the core network;
collecting preference information from an application function operated by a third party service
provider for providing a service to the terminal device; collecting network slice related
subscription information from a subscription database in the core network; and collecting user
related information from the terminal device.

[00238] In another embodiment, the generated traffic steering policy may comprise at least
one of the following: an identifier of a preferred network slice and a type of the preferred
network slice.

[00239] In a further embodiment, the generated traffic steering policy may further comprise
any of the following: a list of identifiers of preferred network slices; a list of types of the
preferred network slices; a priority indication associated with each of the preferred network
slices; description information on a type of traffic or service carried by each of the preferred
network slices; and a validity condition of the traffic steering policy.

[00240] In yet another embodiment, the traffic steering policy may be provided to the terminal
device via an S14 type of interface.

[00241] The above units 1710-1730 may be configured to implement corresponding operations
or steps and to achieve corresponding technical effects as described with reference to FIGs.
10-13, and thus will not be detailed herein for the purpose of simplicity.

[00242] FIG. 18 illustrates a schematic block diagram of an apparatus 1800 according to
embodiments of the present disclosure. In some embodiment, the apparatus 1800 may be
embodied at or as at least part of a base station in a radio access network or independently from
the base station, which may correspond to the first solution or method 1400. In some other
embodiments, the apparatus 1800 may be embodied at or as at least part of a network element
like SCEF, which may correspond to the second solution or method 500. In some other
embodiments, the apparatus 1800 may be embodied at or as at least part of a network element in
a core network like ANDSF, which may correspond to the third solution or method 1200.
[00243] The apparatus 1800 comprises at least one processor 1810, such as a data processor
(DP) and at least one memory (MEM) 1820 coupled to the processor 1810. The apparatus

1800 may further comprise a transmitter TX and receiver RX 1830 coupled to the processor
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1810 for establishing connections with other network elements. The MEM 1820 stores a

program (PROG) 1840. In some implementations, the PROG 1840 may include instructions
that, when executed on the associated processor 1810, enable the apparatus 800 to operate in
accordance with some embodiments of the present disclosure, for example to perform the
method 1400. In some other implementations, the PROG 1840 may include instructions that,
when executed on the associated processor 1810, enable the apparatus 1800 to operate in
accordance with some other embodiments of the present disclosure, for example to perform the
method 500. In some other implementations, the PROG 1840 may include instructions that,
when executed on the associated processor 1810, enable the apparatus 1800 to operate in
accordance with some other embodiments of the present disclosure, for example to perform the
method 1200. A combination of the at least one processor 1810 and the at least one MEM
1820 may form processing means 1850 adapted to implement respective embodiments of the
present disclosure as described with reference to FIGs. 2-14.

[00244] The MEM 1820 may be of any type suitable to the local technical environment and
may be implemented using any suitable data storage technology, such as semiconductor based
memory devices, magnetic memory devices and systems, optical memory devices and systems,
fixed memory and removable memory, as non-limiting examples.

[00245] The processors 1810 may be of any type suitable to the local technical environment,
and may include one or more of general purpose computers, special purpose computers,
microprocessors, digital signal processors DSPs and processors based on multicore processor
architecture, as non-limiting examples.

[00246] In addition, the present disclosure may also provide a carrier containing the computer
program as mentioned above, wherein the carrier is one of an electronic signal, optical signal,
radio signal, or computer readable storage medium. The computer readable storage medium
can be, for example, an optical compact disk or an electronic memory device like a RAM
(random access memory), a ROM (read only memory), Flash memory, magnetic tape, CD-ROM,
DVD, Blue-ray disc and the like.

[00247] The techniques described herein may be implemented by various means so that an
apparatus implementing one or more functions of a corresponding apparatus described with an
embodiment comprises not only prior art means, but also means for implementing the one or
more functions of the corresponding apparatus described with the embodiment and it may
comprise separate means for each separate function, or means that may be configured to perform
two or more functions. For example, these functional modules/units described as embodiments
of the present disclosure may be implemented in hardware (one or more apparatuses), firmware

(one or more apparatuses), software (one or more modules), or combinations thereof. For a
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firmware or software, implementation may be made through modules (e.g., procedures,

functions, and so on) that perform the functions described herein.

[00248] Exemplary embodiments herein have been described above with reference to block
diagrams and flowchart illustrations of methods and apparatuses. It will be understood that
each block of the block diagrams and flowchart illustrations, and combinations of blocks in the
block diagrams and flowchart illustrations, respectively, can be implemented by various means
including computer program instructions. These computer program instructions may be loaded
onto a general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions which execute on the
computer or other programmable data processing apparatus create means for implementing the
functions specified in the flowchart block or blocks.

[00249] While this specification contains many specific implementation details, these should
not be construed as limitations on the scope of any implementation or of what may be claimed,
but rather as descriptions of features that may be specific to particular embodiments of particular
implementations. Certain features that are described in this specification in the context of
separate embodiments can also be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed combination can in some cases be
excised from the combination, and the claimed combination may be directed to a
sub-combination or variation of a sub-combination.

[00250] A person skilled in the art shall appreciate that, as the technology advances, the
inventive concept can be implemented in various ways. The above described embodiments are
given for describing rather than limiting the disclosure, and it is to be understood that
modifications and variations may be resorted to without departing from the spirit and scope of
the disclosure as those skilled in the art readily understand. Such modifications and variations
are considered to be within the scope of the disclosure and the appended claims. The

protection scope of the disclosure is defined by the accompanying claims.

37



10

15

20

25

30

35

WO 2017/113109 PCT/CN2015/099506
WHAT IS CLAIMED IS:

1. A method (1400) for service provision at a network clement in a radio access
network associated with a core network comprising a plurality of network slices, the method
comprising:

obtaining (1410) information related to one or more network slices of the core
network from another network element; and

facilitating (1420) service provision via the core network to a terminal device under
coverage of the radio access network by informing the terminal device of information that is
based at least on the obtained information.

2. The method according to Claim 1, wherein

said obtaining information related to the one or more network slices is performed
in response to receipt of a request message from the terminal device for requesting a
service;

said information related to the one or more network slices comprises at least
requirement information indicative of a requirement on the one or more network slices of a
third party service provider for providing the requested service to the terminal device; and

said facilitating service provision via the core network to the terminal device by
informing the terminal device of information that is based at least on the obtained
information comprises:

selecting (1421) a network slice from the one or more network slices for the
terminal device based at least on the requirement information of the third party service
provider; and

informing (1422) the terminal device of the selected network slice.

3. The method according to Claim 2, wherein

said requirement information of the third party service provider comprises at least
one of: an identifier of a required network slice; a type of the required network slice; an
identifier of a preferred network slice; and a type of the preferred network slice.

4. The method according to Claim 3, wherein

said requirement information of the third party service provider further comprises
any of the following: information on a condition to apply the required or preferred network
slice; information on a sponsor of the required or preferred network slice; a list of identifiers
of terminal devices that are permitted to access the required or preferred network slice; and
description of traffic or service to be carried by the required or preferred network slice.

5. The method according to any of Claims 1-4, wherein

the network element is a network function for selecting a network slice in the
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control plane of the radio access network; and

the other network element is a service capability exposure function, SCEF.
6. The method according to any of Claims 1-4, wherein
the network element is a network slice selection function, NSSF in the control
plane of the radio access network; and
the other network element is a network function in the control plane of a connected
network slice of the core network.
7. The method according to Claim 6, wherein
said information related to the one or more network slices is received by the
network function in the control plane of the core network from a service capability exposure
function, SCEF.
8. The method according to any of Claims 2-7, wherein
said request message from the terminal device comprises information on the

requested service and information on a preferred network slice.

9. The method according to Claim 1, wherein
the obtained information related to the one or more network slices comprises at
least one of the following: information on identifiers of connected network slices of the core
network; and information on types of the connected network slices of the core network.

10. The method according to Claim 8, wherein said facilitating service provision via
the core network to the terminal device by informing the terminal device of information that is
based at least on the obtained information comprises:

broadcasting (1423) the obtained information to the terminal device as at least a
part of system information so that the terminal device can select a preferred network slice
based at least on the obtained information.

11. The method according to Claim 9 or 10, wherein said obtaining information related
to the one or more network slices further comprises:

storing the information related to the one or more network slices; and
updating the stored information in response to a change in the connected network
slices.

12. The method according to any of Claims 9-11, wherein

the network element is a base station in the radio access network; and
the other network element is a network function in the control plane of each of the
connected network slices of the core network.

13. The method according to any of Claims 9-11, wherein
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the network element is a base station in the radio access network; and

the other network element is an operations support system/ business support system,

OSS/BSS which manages with the core network and radio access network.

14, The method according to Claim 1, wherein
the obtained information related to the one or more network slices comprises a
traffic steering policy generated at the other network element.

15. The method according to Claim 14, wherein said facilitating service provision via
the core network to the terminal device by informing the terminal device of information that is
based at least on the obtained information comprises:

forwarding (1424) the obtained information transparently to the terminal device.

16. The method according to Claim 14 or 15, wherein

the traffic steering policy is generated at the other network element based on at
least one of the following: a network slice status from an operations support
system/business support system, OSS/BSS associated with the core network; a traffic
steering policy of a network operator for the core network; requirement information on one
or more network slices of a third party service provider for the terminal device; and
information related to the terminal device.

17. The method according to any of Claims 14-16, wherein

the other network element is an access network discovery and selection function,

ANDSE, in the control plane of the core network.

18. A method at a network element for service capability exposure, comprising:
collecting (510) status and capability information on one or more network slices of
a core network that comprises a plurality of network slices and is associated with a radio
access network;
determining (520) sliced network service information based on the collected status
and capability information; and
exposing (530) the sliced network service information to an application function
operated by a third party service provider for providing a service to a terminal device via the
radio access network.
19. The method according to Claim 18, further comprising:
obtaining (540) requirement information on a requirement for one or more network
slices of the third party service provider from the application function that generates the

requirement based at least on the sliced network service information; and
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transmitting (550) the requirement information to a network element in the radio

access network so as to facilitate selection of a network slice in the radio access network for
the terminal device.
20. The method according to Claim 18 or 19, further comprising:
performing admission control for the requirement from the application function;
rejecting the requirement if the admission control for that requirement fails; and
accepting the requirement if the admission control for that requirement succeeds.
2]. The method according to any of Claims 18-20, wherein

the network element is service capability exposure function, SCEF.

22. A method at a network element in a core network comprising a plurality of network
slices, the core network being associated with a radio access network, comprising:
collecting (1210) assistance information for network slice selection from
surrounding functions;
generating (1220) a ftraffic steering policy based at least on the assistance
information; and
providing (1230) the traffic steering policy to a terminal device under coverage of
the radio access network so that the terminal device can select a network slice of the core
network based at least on the traffic steering policy for service provision via the selected
network slice and the associated radio access network.
23. The method according to Claim 22, wherein collecting the assistance information
comprises at least one of:
collecting at least one of the following from an operations support system/business
support system, OSS/BSS associated with the core network: an identifier, a type, an
instantiation status, a load status of each of the network slices of the core network; and a
network slice selection strategy of a network operator for the core network;
collecting preference information from an application function operated by a third
party service provider for providing a service to the terminal device;
collecting network slice related subscription information from a subscription
database in the core network; and
collecting user related information from the terminal device.
24. The method according to Claim 22 or 23, wherein the generated traffic steering
policy comprises at least one of the following: an identifier of a preferred network slice and a
type of the preferred network slice.

25. The method according to Claim 24, wherein the generated traffic steering policy
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further comprises any of the following; a list of identifiers of preferred network slices; a list of

types of the preferred network slices; a priority indication associated with each of the preferred
network slices; description information on a type of traffic or service carried by each of the
preferred network slices; and a validity condition of the traffic steering policy.
26. The method according to any of Claims 22-25, wherein
the network element is an access network discovery and selection function,
ANDSE.
27. The method according to any of Claims 22-26, wherein
the traffic steering policy is provided to the terminal device via an S14 type of

interface.

28. An apparatus (1500) for service provision at a network element in a radio access
network associated with a core network comprising a plurality of network slices, the apparatus
comprising:

an information obtaining unit (1510) configured to obtain information related to
one or more network slices of the core network from another network element; and

a service provision facilitating unit (1520) configured to facilitate service provision
via the core network to a terminal device under coverage of the radio access network by
informing the terminal device of information that is based at least on the obtained
information.

29. The apparatus according to Claim 28, wherein

said information obtaining unit is configured to obtain the information related to
the one or more network slices in response to receipt of a request message from the terminal
device for requesting a service;

said information related to the one or more network slices comprises at least
requirement information indicative of a requirement on the one or more network slices of a
third party service provider for providing the requested service to the terminal device; and

said service provision facilitating unit is configured to:

select a network slice from the one or more network slices for the terminal device
based at least on the requirement information of the third party service provider; and

inform the terminal device of the selected network slice.

30. The apparatus according to Claim 29, wherein

said requirement information of the third party service provider comprises at least

one of: an identifier of a required network slice; a type of the required network slice; an

identifier of a preferred network slice; and a type of the preferred network slice.
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31. The apparatus according to Claim 30, wherein

said requirement information of the third party service provider further comprises
any of the following: information on a condition to apply the required or preferred network
slice; information on a sponsor of the required or preferred network slice; a list of identifiers
of terminal devices that are permitted to access the required or preferred network slice; and
description of traffic or service to be carried by the required or preferred network slice.
32. The apparatus according to any of Claims 28-31, wherein
the network element is a network function for selecting a network slice in the
control plane of the radio access network; and
the other network element is a service capability exposure function, SCEF.
33. The apparatus according to any of Claims 28-31, wherein
the network element is a network slice selection function, NSSF in the control
plane of the radio access network; and
the other network element is a network function in the control plane of a connected
network slice of the core network.
34. The apparatus according to Claim 33, wherein
said information related to the one or more network slices is received by the
network function in the control plane of the core network from a service capability exposure
function, SCEF.
35. The apparatus according to any of Claims 29-34, wherein
said request message from the terminal device comprises information on the

requested service and information on a preferred network slice.

36. The apparatus according to Claim 28, wherein
the obtained information related to the one or more network slices comprises at
least one of the following: information on identifiers of connected network slices of the core
network; and information on types of the connected network slices of the core network.

37. The apparatus according to Claim 36, wherein said service provision facilitating

unit is configured to broadcast the obtained information to the terminal device as at least a part
of system information so that the terminal device can select a preferred network slice based at

least on the obtained information.

38. The apparatus according to Claim 36 or 37, wherein said information obtaining

unit is configured to:

store the information related to the one or more network slices; and

update the stored information in response to a change in the connected network
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slices.

39. The apparatus according to any of Claims 36-38, wherein
the network element is a base station in the radio access network; and
the other network element is a network function in the control plane of each of the
connected network slices of the core network.
40. The apparatus according to any of Claims 36-39, wherein
the network element is a base station in the radio access network; and
the other network element is an operations support system/ business support system,

OSS/BSS associated with the core network.

41. The apparatus according to Claim 28, wherein
the obtained information related to the one or more network slices comprises a
traffic steering policy generated at the other network element.
42. The apparatus according to Claim 41, wherein said service provision facilitating
unit is configured to forward the obtained information transparently to the terminal device.
43. The apparatus according to Claim 41 or 42, wherein
the traffic steering policy is generated at the other network element based on at
least one of the following: a network slice status from an operations support
system/business support system, OSS/BSS; a traffic steering policy of a network operator
for the core network; requirement information on one or more network slices of a third party
service provider for the terminal device; and information related to the terminal device.
44. The apparatus according to any of Claims 41-43, wherein
the other network element is an access network discovery and selection function,

ANDSEF, in the control plane of the core network.

45. An apparatus (1600) at a network element for service capability exposure,
comprising:

a collecting unit (1610) configured to collect status and capability information on
one or more network slices of a core network that comprises a plurality of network slices
and is associated with a radio access network;

a determining unit (1620) configured to determine sliced network service
information based on the collected status and capability information; and

an exposing unit (1630) configured to expose the sliced network service
information to an application function operated by a third party service provider for

providing a service to a terminal device via the radio access network.
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46. The apparatus according to Claim 45, further comprising:

an obtaining unit (1640) configured to obtain requirement information on a
requirement for one or more network slices of the third party service provider from the
application function that generates the requirement based at least on the sliced network
service information; and

a transmitting unit (1650) configured to transmit the requirement information to a
network element in the radio access network so as to facilitate selection of a network slice in
the radio access network for the terminal device.

47. The apparatus according to Claim 45 or 46, further comprising:

an admission control unit (1660) configured to perform admission control for the
requirement from the application function;

a control unit (1670) configured to reject the requirement if the admission control
for that requirement fails and to accept the requirement if the admission control for that
requirement succeeds.

48. The apparatus according to any of Claims 45-47, wherein

the network element is service capability exposure function, SCEF.

49. An apparatus (1700) at a network element in a core network comprising a plurality

of network slices, the core network being associated with a radio access network, comprising:

a collecting unit (1710) configured to collect assistance information for network
slice selection from surrounding functions;

a generating unit (1720) configured to generate a traffic steering policy based at
least on the assistance information; and

a providing unit (1730) configured to provide the traffic steering policy to a
terminal device under coverage of the radio access network so that the terminal device can
select a network slice of the core network based at least on the traffic steering policy for
service provision via the selected network slice and the associated radio access network.

50. The apparatus according to Claim 49, wherein the collecting unit is configured to

perform at least one of:

collecting at least one of the following from an operations support system/business
support system, OSS/BSS associated with the core network, an identifiers, a type, an
instantiation status, a load status of each of the network slices of the core network, and a
network slice selection strategy of a network operator for the core network;

collecting preference information from an application function operated by a third

party service provider for providing a service to the terminal device;
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collecting network slice related subscription information from a subscription

database in the core network; and
collecting user related information from the terminal device.

51. The apparatus according to Claim 49 or 50, wherein the generated traffic steering
policy comprises at least one of the following: an identifier of a preferred network slice and a
type of the preferred network slice.

52. The apparatus according to Claim 51, wherein the generated traffic steering policy
further comprises any of the following: a list of identifiers of preferred network slices; a list of
types of the preferred network slices; a priority indication associated with each of the preferred
network slices; description information on a type of traffic or service carried by each of the
preferred network slices; and a validity condition of the traffic steering policy.

53. The apparatus according to any of Claims 49-52, wherein

the network element is an access network discovery and selection function,
ANDSF.
54. The apparatus according to any of Claims 49-53, wherein
the traffic steering policy is provided to the terminal device via an S14 type of

interface.

55. An apparatus (1800) for service provision at a network element in a radio access
network, the apparatus comprising a processor and a memory, said memory containing
instructions executable by said processor, whereby said apparatus is operative to perform the

method of any of Claims 1-17.

56. An apparatus (1800) at a network element for service capability exposure, the
apparatus comprising a processor and a memory, said memory containing instructions
executable by said processor, whereby said apparatus is operative to perform the method of any

of Claims 18-21.

57. An apparatus (1800) at a network element in a core network comprising a plurality
of network slices, the apparatus comprising a processor and a memory, said memory containing
instructions executable by said processor, whereby said apparatus is operative to perform the

method of any of Claims 22-27.

58. A computer program product, comprising instructions which, when executed on at
least one processor, cause the at least one processor to carry out the method according to any of

Claims 1-17, any of Claims 18-21 or any of Claims 22-27.
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