(19)

DANMARK (10 DK/EP 3603238 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent- og

Varemeaerkestyrelsen

Int.CL.: H 04 W 60/00 (2009.01) HO4W 8/02(2009.01) HO04W 8/04 (2009.01)
HO04W 8/18 (2009.01)

Oversaettelsen bekendtgjort den: 2023-07-31

Dato for Den Europaeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2023-07-05

Europaeisk ansggning nr.: 18770806.0

Europaeisk indleveringsdag: 2018-03-20

Den europeaeiske ansggnings publiceringsdag: 2020-02-05
International ansggning nr.: US2018023435

Internationalt publikationsnr.: WO2018175498

Prioritet: 2017-03-20 US 201762473760 P

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Patenthaver: ZTE Corporation, ZTE Plaza , Keji Road South , Hi-Tech Industrial Park , Nanshan District,
Shenzhen, Guangdong 518057, Kina

Opfinder: SO, Tricci, 5626 Chincoteague Court, Oceanside, CA 92057, USA
Fuldmaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kgbenhavn S, Danmark
Benaevnelse: Betjeningsunktion med netvarksopdeling

Fremdragne publikationer:

US-A1-2014 133 460

US-B1- 9 043 879

HUAWEI: "TP for CN entity Selection for Slicing”, 3GPP DRAFT; R3-170232 TP CN ENTITY SELECTION, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX ; FRANCE , vol. RAN WG3, no. Spokane, Wa; 20170117 -
20170119 11 January 2017 (2017-01-11), XP051212805, Retrieved from the Internet:
URL:http://www.3gpp.org/fip/Meetings_ 3GPP_ SYNC/RAN3/Docs/ [retrieved on 2017-01-11]

ZTE ET AL: "Proposed architecture alignments of Network Slicing Conclusion with 5G Core Overall
Architecture in TS 23.501", 3GPP DRAFT; $S2-171027-NS ALIGNMENT WITH 5GC ARCHITECTURE, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX ; FRANCE , vol. SA WG2, no. Dubrovnik, Croatia; 20170213 -
20170217 13 February 2017 (2017-02-13), XP051217148, Retrieved from the Internet:
URL:http://www.3gpp-org/fip/Meetings_ 3GPP_ SYNC/SA2/Docs/ [retrieved on 2017-02-13]

ZTE ORACLE ETRI TELECOM ITALIA KDDI: "Network Slicing Architecture Alignment for the Support of
Standalone Network Slice Selection Function (NSSF)", 3GPP DRAFT; $S2-171027-NS ALIGNMENT WITH 5GC
ARCHTIECTURE PRESENTATION, 3RD GENERATION PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX ;, vol. SA WG2,

Fortseettes ...



DK/EP 3603238 T3

no. Dubrovnik, Croatia; 20170213 - 20170217 13 February 2017 (2017-02-13), XP051217149, Retrieved from the
Internet: URL:http://www.3gpp.org/ftp/Meetings_3GPP_ SYNC/SA2/Docs/ [retrieved on 2017-02-13]
SAMSUNG: "Single value of NSSAI in RRC for CCNF(AMF) selection”, 3GPP DRAFT; S2-171153 SINGLE VALUE
OF NSSAI IN RRC FOR CCNF(AMF) SELECTION, 3RD GENERATION PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CED, vol. SA WG2, no.
Dubrovnik, Croatia; 20170213 - 20170217 7 February 2017 (2017-02-07), XP051228409, Retrieved from the
Internet: URL:http://www.3gpp.org/ftp/tsg_sa/WG2_Arc h/TSGS2_119_Dubrovnik/Docs/ [retrieved on 2017-02-
07]

ZTE ET AL: "23.501 P-CR: Network Slicing Update for supporting standalone NSSF plus miscellaneous
changes to the existing text", 3GPP DRAFT; $2-173362 23.501 CLAUSE 5.15 UPDATE WITH NSSF, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX ; FRANCE , vol. SA WG2, no. HangZhou, China; 20170515 -
20170519 14 May 2017 (2017-05-14), XP051281854, Retrieved from the Internet:
URL:http://www.3gpp-org/fip/Meetings_ 3GPP_ SYNC/SA2/Docs/ [retrieved on 2017-05-14]

HUAWEI ET AL: "Network Slice instance selection”, 3GPP DRAFT; $2-175296, 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE ; 650, ROUTE DES LUCIOLES ; F-06921
SOPHIA-ANTIPOLIS CEDEX ; FRANCE , vol. SA WG2, no. Cabo, Mexico; 20170626 - 20170630 3 July 2017
(2017-07-03), XP051310264, Retrieved from the Internet: URL:http://www.3gpp.-org/ftp/tsg_sa/WG2_Arc
h/TSGS2_122_ Cabo/Docs!/ [retrieved on 2017-07-03]

"Study on Architecture for Next Generation System (Release 14)", 3GPP TR 23.799, December 2016 (2016-12),
pages 25-143, XP055514501,

ERICSSON: "Signalling aspects of network slicing”, R2-1701051, 3GPP TSG-RA NWG2 #97, 3 February 2017
(2017-02-03), XP051223021, Athens, Greece

HUAWEI et al.: "RRC Support for Network Slicing"”, R2-1701216, 3GPP TSG-RAN WG2#97, 4 February 2017
(2017-02-04), XP051223433, Athens, Greece



DK/EP 3603238 T3

DESCRIPTION

TECHNICAL FIELD

[0001] This document relates to systems, devices and techniques for wireless
communications, including next generation network architecture.

BACKGROUND

[0002] Efforts are currently underway to define next generation communication networks that
provide greater deployment flexibility, support for a multitude of devices and services and
different technologies for efficient bandwidth utilization.

[0003] 3GPP S2-171027 relates to proposed architecture alignments of network slicing
conclusion with 5G core overall architecture in TS 23.501 and to alignment text for 5G core
network architecture to incorporate the NSSF support for network slicing based on agreements
captured in TR 23.799.

SUMMARY

[0004] This document describes technologies, among other things, for providing a serving
function for network slice resources to user devices in a wireless communication network.

[0005] The invention is specified by the method of independent claim 1 and the communication
apparatus of independent claim 7. Preferred embodiments are defined in the dependent
claims.

[0006] The details of one or more implementations are set forth in the accompanying
attachments, the drawings, and the description below. Other features will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 shows an example non-roaming 5G system architecture using a Service-based
representation.

FIG. 2 shows an example non-roaming 5G system architecture using a Reference point-based
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representation.

FIG. 3 show an example implementation of Network Slicing for network optimization for
specialized network services.

FIG. 4 shows an example of a non-roaming 5G system architecture with network slicing
support - Service-based Representation.

FIG. 5 shows an example of a non-roaming 5G system architecture with network slicing
support - Reference point-based Representation.

FIG. 6 shows an example of messages exchanged for NSSF operation during UE access
registration.

FIG. 7 shows an example of messaged exchange for NSSF operation during UE data session
establishment.

FIG. 8 shows an example implementation for NSSF home-routed roaming support during UE
registration.

FIG. 9 shows an example architecture of vVAMF looks up from the hNRF for hSMF.
FIG. 10 shows an example architecture of vSMF looks up from the hNRF for hSMF.
FIG. 11 shows an example of a hierarchy nework repository function (NRF) look-up.
FIG. 12 is a block diagram of an example communication apparatus.

FIG. 13 is a flowchart for an example method of facilitating registration of a mobile device in a
communication network.

FIG. 14 is a flowchart for an example method for facilitating establishment of a packet data
session for a user device.

FIG. 15 is a flowchart for an example method of wireless communication session performed
during packet data session establishment for a user device.

FIG. 16 is a flowchart for an example method of operating an entry point function in a
communication network.

FIG. 17 is a flowchart for an example method of wireless communication implemented by a
mobile device.

FIG. 18 is a flowchart for an example method for providing network services to a mobile device
operating in a visited network.

FIG. 19 is a flowchart for another example method for providing network services to a mobile
device operating in a visited network.
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[0008] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0009] The evolution to the 5G is work in progress. One 5G system network solution is to
evolve the 5G system to support Network Slicing. The architectural purpose of network slicing
is to leverage the network function virtualization network management technique to enable
more efficient logical network implementation to support variety of emerging next generation
network services. It is expected that the next generation 5G network services will impose vast
diverse and conflicting system requirements towards 5G system such that, it is impossible for
operators to deploy one-size-fits-all network solutions. Therefore, network slicing the operator's
network deployment enables more cost effective and optimized network solutions to support
variety of next generation 5G network services.

[0010] The present document discloses, among other things, a network-side function, called
the network slice serving function (NSSF), that can be implemented to support the use of
network slice instances in future mobile networks. As further described herein, the NSSF may
be implemented as a separate functional entity (e.g., dedicated hardware platform(s)), or may
be included with another existing network function such as the network repository function
(NRF).

[0011] FIG. 1 shows an example non-roaming 5G system architecture using Service-based
representation.

[0012] FIG. 2 shows an example non-roaming 5G system architecture using Reference point-
based representation.

[0013] The rectangle boxes in FIG. 1 and FIG. 2 represent the network functions (NFs) that
were defined for 5G system as documented in TS 23.501. The key set of network functions
are:

= Authentication Server Function (AUSF)

« Core Access and Mobility Management Function (AMF)

» Data network (DN), e.g. operator services, Internet access or 3rd party services
» Structured Data Storage network function (SDSF) (not shown)

¢ Unstructured Data Storage network function (UDSF) (not shown)
» Network Exposure Function (NEF)

* NF Repository Function (NRF)

¢ Policy Control function (PCF)

« Session Management Function (SMF)

« Unified Data Management (UDM)

» User plane Function (UPF)
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Application Function (AF)

User Equipment (UE) - may include a mobile device or a user device

(Radio) Access Network ((R)AN)

Network Slice Selection Function (NSSF), as disclosed in the present document.

[0014] More details on the definitions of each network functions shall refer to TS 23.501.

[0015] FIG. 3 show an example implementation 300 of Network Slicing for network
optimization for specialized network services. As depicted in FIG. 3, today's 4G networks that
offer communication service via phones (e.g., voice, text, internet), will evolve into a 5G
network in which all mobile services via all types of devices may be offered. For example,
mobile phones and tablets may operate at large bitrates such as 20Gbps, while in some areas,
networks may operate with a large density of wireless devices, such as Internet of Things (loT)
configurations with 200,000 or more devices per square kilometer. At the same time, quick
response and mission critical applications such as autonomous driving, which require
responses times of the order of 1 msec or less, may also be supported by the 5G network
infrastructure. To enable such a wide range of configurations and services, and offering
connectivity to various industries such as communications/internet, logistics, agricultural,
climate, automobiles and factory settings, an architecture that uses network slices has been
proposed. Using network slices, the right level of network resource may be allocated to a
particular mobile device, in order to meet the desired service requirements. Such network
slices may include, for example, large bandwidth slices, high density slices, mission critical
slices, and so on.

[0016] FIG. 4 shows an example of a non-roaming 5G system architecture with network slicing
support using a service-based Representation. The various architectural blocks are similar to
as described in FIG. 1 and FIG. 2. Notably, an additional functional block, called the NSSF, is
included in FIG. 4. Various embodiments and aspects of this network function are described in
the present document.

[0017] FIG. 5 shows an example of a non-roaming 5G system architecture with network slicing
support using a reference point-based Representation. The above-mentioned NSSF is
described in the core part of the control plane, which is a core part of a network slice.

[0018] In some embodiments, a network function, called network slicing serving function
(NSSF) for a public land mobile network (PLMN) may be implemented. The network function
has system-wide knowledge of the topology mapping of Core Network Part network slice
instance (NSI) to access and mobility management (AMF) for a given PLMN, the NSSF
implements service mapping for a given slice-specific Network Slice Selection Assistant Info (S-
NSSAIl) and selects a target instance of a network slice based on one or more operational
parameters. The NSSF identifies slice level policy for network slices. The NSSF collects slice-
level statistics from AMF of its serving PLMN and supports NSSF's operation.
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[0019] This document describes a next generation 5G mobile system architecture that includes
a new network function referred as Network Slicing Serving Function (NSSF) to support the
network slice instance (NSI) selection in both RAN sharing and non-sharing virtual
environment. The NSSF is a part of the 5G core network function and it interfaces with the
operator's management system that controls and manages the NSIs according to the operator
defined network slice profile that specifies the required end-to-end system resources,
infrastructure, performance and service requirements to support specific target set of services.

[0020] 3GPP has been working on the next generation 5G system architecture and they are
captured in the two forms as shown in FIG. 1 and FIG. 2 - traditional reference point based
and new service based representations. However, the details on the network slicing
architecture on the 5G system have not been fully addressed. When network slicing is
supported over the 5G system, it will be organized into network slices operating as the virtual
logical network which is optimized to support one or more set of network services. As
described before, FIG. 3 presents the concept of network slicing.

[0021] The notions of the two architecture representations are as follows:

s A service-based representation, where network functions (e.g. AMF) within the control
plane enables other authorized network functions to access their services. This
representation also includes point-to-point reference points where necessary.

* A reference point representation, focusing on the interactions between pairs of network
functions described by point-to-point reference point (e.g. N11) between any two
network functions (e.g. AMF and SMF) is depicted when some interaction exists
between these two network functions.

[0022] Prior to network slicing can be deployed over the 5G system, 5G operator needs to
develop the network slice template by leveraging the Network Function Virtualization (NFV)
management technique to manage the target service. A network slice template defines the
setup of the slice, including the system components that need to be instantiated, the features
to enable, configurations to apply, resource assignments and all associated workflows,
including all aspects of the life cycle (such as upgrades and changes). The template contains
machine-readable parts which support automation. Leveraging cloud technologies means that
multiple slices with different service properties are still able to run over a common set of
resources. Furthermore, all virtualized network functions execute over a common pool of
hardware and common infrastructure/platform software.

[0023] When operator deploys the target network service(s), identified by one or more S-
NSSAI(s), in instance of network slice (NSI) is instantiated according to the network slice
template. The virtualized part of the network slice instance which is comprised of a cooperating
set of Virtual Network Functions (VNFs) would be instantiated via NFV orchestration platform
according to the slice template, while the non-virtualized part would be created and configured
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by the non-virtualized management environment.

[0024] Once the NSI becomes available, it can then operate as a logical network to serve its
subscribers. In 3GPP 5G system, it is expecting a given subscriber's device (i.e. UE) could be
associated with more than one NSI to access multiple network services simultaneously.

[0025] This document discloses a new network function referred as Network Slicing Serving
Function (NSSF) to support UE attachment to the network slice instance (NSI) over a 5G
virtualized system which may or may not be RAN sharing. The NSSF is part of the 5G core
network function and it interfaces with the operator's NFV service orchestration management
system that controls and manages the life cycle of the NSI according to the network slice
template on the specified end-to-end system resources, infrastructure, performance and
service requirements.

[0026] Further details on the design of NSSF are described in the following sections. Section
headings are used only to improve readability, and do not limit the scope of described
technology only to the corresponding sections.

I. Brief Summary

[0027] In the sections below, a functional overview of the network slice selection function is
provided. The various aspects are highlighted by using two examples for both roaming and
non-roaming mobile devices in a communication network. One example relates to the initial
registration of a mobile device (UE) in a registration area. The other example relates to the
various steps performed when a mobile device requests a data session.

Il. NSSF Functional Overview

[0028] NSSF implementations may include one or more of the following functionalities.

[0029] It is a network function which has the overall knowledge of the system-wide mapping of
the AMF to Core Part NSI topology for a given PLMN.

[0030] For example, the NSSF may recognize the availability of the set of active NSI(s)
corresponding to the registration areas and for which entry point (i.e. AMF) that is accessible to
the specific set of NSI(s) and the corresponding serving NRF(s)

[0031] It may be noted that having AMF/AMF pool to serve every single NSI across the
system's registration areas is NOT a scalable deployment in order to maintain consistent AMF
to Core Part NSI mapping topology and configurations across all AMF/AMF pool. As a result,
AMF/AMF pool should be organized to support the specific set of NSI(s) that are catered for
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particular network service deployment.

[0032] The NSSF may also support slice-level service mapping for a given S-NSSAI to select
the target NSI by taking into account of the serving MNO, Service or OTT providers, UE's
location, time window etc.

[0033] It identifies the slice-level policy for the slices which are specified by the PLMN. For
example, a network slice for the mission-critical service must get higher priority than the other
eMBB slice; or rejecting UE eMBB slice service if there is an existing UE associated "active"
NSI for mission critical which has higher priority.

[0034] It collects slice-level related statistic from AMF for its serving PLMN (e.g. collecting the
number of UEs being assigned to a particular NSI) to support slice management operation
(e.g. scale in/out)

lll. Example of §G System Architecture with NSSF Support

[0035] There are two options for the system architecture to support NSSF.

lllLA. Option-1: Introducing a separate new logical network function

[0036] In this option, a new logical network function entity, i.e. NSSF, is added to the 5G
system. Roaming and non-roaming 5G system architecture in both the service-based and the
reference point-based representations can be described as follows:

[0037] For the service-based architecture, new service based interface Nnssf is introduced to
support the NSSF functionality that were described above.

[0038] For the reference point based architecture, new reference points N99 is introduced to
support the NSSF functionality that were described above.

lll.B. Option-2: Integrate NSSF into NRF that is operating above the slice level

[0039] In this option, generally, there is no change of existing architecture. However, a new
function, called a hierarchical NRF, of which the top level of NRF serves at the system level
supporting not only the discovery and selection of the network function that is operated above
the slice level, but also supporting the NSSF's functionality as described earlier, is added to the
existing architecture.

[0040] The second level of the NRF is operating at the slice level which supports the discovery
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and selection of the network function within the slice. With this approach, it can support
network function isolation between network slices which is important requirement for network
slicing support - i.e. slice isolation.

IV. NSSF Operation Overview

[0041] The following describes the overview of the operations of the NSSF during the UE
registration and data session establishment.

[0042] One building block is the Network Slice Selection Assistant Info (NSSAI). NSSAI is a
collection of Slice specific NSSAls (S-NSSAIls). S-NSSAI may include two pieces of information:

Slice type or referred as Slice Service Type (SST) which is used to identify a specific type of
network slice, and

Slice Differentiator (SD) which is used to identify a specific slice for a given slice/service type.

[0043] In addition, the set of network functions are referred to support the functional
descriptions of how NSSF operates to support UE registration and PDU session establishment
during non-roaming and roaming scenarios.

IV.A. NSSF operation during UE access registration

[0044] FIG. 6 describes the NSSF operation during the UE registration when accessing to the
5G mobile network.

1. UE registers with the 5G system with the configured NSSAI which was configured by the
UE's home PLMN and is used to indicate the target set of network services that the UE would
be interested in.

2. & 3. 5G Access Network (e.g. 5G RAN) interprets the NSSAI info provided by the UE in order
to route the UE's registration request to the target AMF or a pool of AMFs (i.e. AMF pool)
together with the configured NSSAI info. If 5G Access Network does not recognize the NSSAI,
the UE's registration request will be routed to the default serving AMF or AMF pool.

4. The selected serving AMF consults with the UDM on the UE's subscription to verify what are
the set of S-NSSAI(s) that the UE has subscribed for.

5. & 6. The serving AMF will then pass on both the configured and the subscribed S-NSSAI(s)
to the NSSF together with the UE's assigned registration area. NSSF examines both sets of S-
NSSAI(s) and determines what are the allowed S-NSSAI(s) for the UE.
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[0045] Based on the AMF to Core Network Slice Instance (NSI) mapping topology that was
provided by the operator's OAM system (e.g., the UE's serving PLMN), the NSSF then
determines the set of mapping Core NSI(s) at the UE's registration area that are available to
serve the UE. The set of available Core NSI(s) are corresponding to the entire or the subset of
the S-NSSAI(s) that were provided to the NSSF, and such final corresponding set of S-
NSSAI(s) determined by the NSSF is referred as allowed NSSAI. In addition, the NSSF may
determine a new serving AMF that is better to serve the UE for the target set of available
NSI(s).

[0046] 7. NSSF responds to the current serving AMF with the set of available Core NSI(s) that
is mapped to the allowed NSSAI (e.g., the set of allowed S-NSSAls), the new serving AMF
(e.g., identified by the IP address or fully qualified domain name FQDN), one or more serving
NRFs (e.g., identified by the IP addresses or FQDNs) which serve the corresponding available
Core NSlIs, and any additional slicing related policy (e.g. serving priorities among the available
NSI(s) etc.).

[0047] 8. The current serving AMF will cache all these info provided by the NSSF as part of the
UE's context.

[0048] 9. If a new serving AMF is indicated by the NSSF, the current serving AMF triggers the
AMF relocation by coordinating with the 5G Access Network (e.g. 5G RAN) to recognize the
new AMF as the serving AMF. The current serving AMF will also pass on the UE's context to
the new serving AMF.

[0049] 10. The serving AMF will then inform the 5G Access Network for the allowed NSSAI (i.e.
the set of S-NSSAIs that are mapped to the NSIs which are available to serve the UE at the
UE's registration area) and also the identifier of the serving AMF (i.e. Temp ID) for the given
UE.

[0050] 11. The 5G Access Network also relay the final allowed NSSAI and the Temp ID to the
UE, and the UE will store the info for later data session request for service activation.

IV.B. NSSF notification to AMF on the NSI topology or policy update

[0051] In some embodiments, a given AMF/AMF pool is dedicated to a specific set of Core
NSIs to support the target S-NSSAls. NSSF is aware of which AMF serves which set of Core
NSI(s). If the Core NSI topology or policy is changed by the operator's OAM system for the
corresponding S-NSSAI, then, the AMF/AMF pool mapping to the Core NSI(s) will also be
updated in the NSSF with the changes. NSSF will propagate the update to the affected AMF or
AMF pool.
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[0052] Two possible approaches for the NSSF to update the AMF or AMF pool for the topology
or policy changes:

NSSF pushes the topology update to the AMF or AMF pool, or

AMF or AMF pool pull the topology status periodically from the NSSF based on periodic timer
set topology check.

As a result of the AMF to Core NSI mapping topology change, either the given AMF/AMF pool
continues to serve the same Core NSI or no longer to serve the same Core NSI.

IV.C. NSSF operation during UE PDU data session establishment

[0053] FIG. 7 describes the NSSF operation during the UE initiation for the PDU data session
establishment (i.e. network service activation) over the 5G mobile network.

[0054] 1. & 2. Application layer service activation triggers UE to perform service mapping to the
allowed S-NSSAI.

[0055] 3. UE initiates the data session request with the 5G system with the requested S-
NSSAI, Temp-ID and the target data network (i.e. DNN).

[0056] 4. & 5. 5G Access Network (e.g. 5G RAN) interprets the Temp-ID provided by the UE in
order to route the UE's data session request to the target serving AMF or AMF pool together
with the requested S-NSSAI info and DNN. If 5G Access Network does not recognize the
Temp-ID, the UE's data session request will be routed to the default serving AMF or AMF pool.

[0057] 6. By referring to the cached UE's context, if the current serving AMF or AMF pool
detects that it is no longer serve the Core NSI corresponding to the requested S-NSSAI (e.g.
due to the Core NSI topology change), the serving AMF should verify with the NSSF with the
requested S-NSSAI based on UE's current registration area to determine the new target Core
NSI and/or the new AMF to serve the UE.

[0058] Otherwise, skip this step-6 to 8 below and go to step-9.

[0059] 7. The NSSF determines the new AMF to Core NSI mapping that is corresponding to
the requested S-NSSAI at the UE's registration area, and possible the revised allowed S-NSSAI
to replace the old allowed S-NSSAI (i.e. replacing the requested S-NSSAI). In addition, the
NSSF may determine a new serving AMF that is better to serve the UE for the mapping NSI.

[0060] The NSSF then respond to the serving AMF with the AMF to Core NSI mapping (e.g.,
identified by the Core NSI ID) for the requested S-NSSAI, the possible new accepted S-NSSAI
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(i.e. replacement of the requested S-NSSAI) and the new serving AMF (i.e. identified by the IP
address or FQDN), the serving NRF (i.e. identified by the IP address or FQDN) and any
additional slicing related policy (e.g. serving priorities among the available NSI(s) etc.).

[0061] 8. If a new serving AMF is indicated by the NSSF, the old serving AMF triggers the AMF
relocation by coordinating with the 5G Access Network (e.g. 5G RAN) to recognize the new
AMF as the serving AMF.

[0062] 9. The serving AMF updates the UE's context and queries the serving NRF to discover
and to select the proper SMF that serves the for the upcoming data session.

[0063] 10. The serving AMF triggers the PDU data session establishment procedure with the
newly selected SMF as requested by the UE. Upon the successful data session establishment,
the latest Temp-ID and the latest accepted S-NSSAI will also be responded to the UE.

IV.D. Network Slicing Roaming Support via NSSF

IV.D.1. During the UE's registration (home routed case)

[0064] FIG. 8 describes the UE registration during the network slicing roaming scenario, more
specifically for the home routed case.

[0065] Steps 1., 2. & 3.: UE presents the "configured" NSSAI (referred as vPLMN(NSSAI)) that
was provisioned for the target serving vPLMN to the RAN which refers to the NSSAI to route
the registration request to selected serving vAMF.

[0066] 4.. vVAMF receives the UE's registration request and triggers the UE's authentication
with the home UDM (hUDM).

[0067] 5. vPLMN and hPLMN proceed with the UE's authentication.

[0068] 6. & 7: Upon successful UE's authentication, serving AMF obtains the UE's subscribed
NSSAI from hUDM (referred as hPLMN(NSSAI)).

[0069] 8. & 9.: VAMF compiles the configured and subscribed NSSAI info from both UE and its
home network and present them (e.g., vVPLMN(NSSAI) and hPLMN(NSSAI)) as well as the
UE's registration area to the vNSRF to determine the "allowed" NSSAI to be used at the
serving vPLMN.

[0070] 10. & 11.: vNSSF communicates with the hNSSF to determine the availability of the
"allowed" NSSAI for the serving UE in the hPLMN and the corresponding home core part of the
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NSIs (i.e. identified by the home Core NSI IDs). hNSSF also provides the vNSSF for the
address of the corresponding home NRF (i.e. denoted as hPLMN(NRFs)) that serves the
target NSI(s) to support the hPLMN network function selection and discovery.

[0071] 12.: Based on the UE's registration area and the "allowed" NSSAI (including the related
the CoreNSI ID), vNSSF determines the vNRF and the possible new target vAMF as well as
other necessary slice-level control policy.

[0072] 13.. If new VAMF was indicated by the vNSSF, old serving vAMF triggers AMF
redirection. Otherwise, skip this step and go to step 14.

[0073] 14., 15. & 16.: Serving AMF caches all the slicing related context (received from 12
above) for the UE and responds to the UE for the "allowed" NSSAI as well as the Temp ID.

IV.D.2. During the PDU Session Establishment (home routed case)

[0074]

1. 1: UE presents the "requested” NSSAI as well as the Temp ID to the RAN which is
eventually routed to the serving vAMF in the vPLMN.

2. 2: (Assuming that the UE is still in the same registration area) vVAMF refers to the vNRF
with the S-NSSAI to select the vSMF. As for the selection of the hSMF, there are two
possible options.

[0075] Option-1: VAMF looks up from the hNRF with the S-NSSAI to identify the hSMF and
then, vVAMF pass the hSMF info to the vSMF (shown in FIG. 9).

[0076] Option-2: Once the vVAMF selects the vSMF, vAMF passed on the hNRF and S-NSSAI
info to the vSMF, then, the vSMF does the look up from the hNRF to select the hSMF
(procedure depicted in FIG. 10).

IV.D.3. Roaming hierarchy NRF look-up optimization

[0077] Due to the privacy consideration, slice-level NRF look-up should be limited to the
network function (NF) which is belonged to the same NSI. In the case of the roaming scenario,
there will be multiple network functions from the vPLMN (i.e. vNFs) to refer to the hNRF to look
up for the home network function belonged to the same NSI that it needs to communicate with.

[0078] In order to reduce the amount of peer-to-peer roaming interface interconnections, this
document introduces a designed entry point NRF (i.e. veNRF or heNRF) in both the visited and
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home PLMNs. The prefix "v" and "h" are used to indicate network functions and entities in a
user device's visited network and home network. The veNRF and heNRF are above slice-level
NRF based on the hierarchy structure of the NRF, to relay the NRF look up. When the NF from
the vPLMN performs their NRF look up, the slice-level NRF will relay the request towards the
veNRF, which will then communicate with the heNRF to relay such look up to the slice-level
hNRF. FIG. 11 describes the hierarchy NRF look up concept.

[0079] A wireless communication system in which the NSSF is implemented as a separate
entity in the network may be implemented. The NSSF may communicate with other network
entities via an interface called Nnssf.

[0080] A network function repository function (NRF) that includes the NSSF may be
implemented. The NRF provides the NSSF function and further provides an isolation between
network slices.

[0081] A procedure for registering a user equipment (UE) in a mobile nework may be
implemented by a network-side server. The procedure includes receiving a network topology,
and based on the network topology, determining a set of network slice instances available in
the UE's registration area, and deciding whether to assign serving the UE to a new serving
AMF, and causing a current serving AMF to cache information from the NSSF for future use.

[0082] A network function that assigns a mobility function for serving network slice instances
may be implemented. The network function stores a mapping between a pool of the mobility
functions and a set of core network slice instances being served by the pool, and selectively
updating the mapping based on UE mobility or a change in an operator policy or a topology of
the mobile network.

[0083] A method for establishing a packet data unit (PDU) session for may be implemented.
During the establishing, a mobility function uses locally cached information about a UE's
context and determines its ability to serve the UE. If the mobility function is not able to serve
the UE, the task of serving the UE is handed over to a second mobility function.

[0084] A network architecture that supports network slicing roaming in a mobile network that
uses home routing may be implemented.

[0085] A PLMN includes an entry point NRF that is a designated entry point for communication
with another PLMN's entry point NRF and exchanges messages to manage a single
connection point for carrying NRF look-ups between the PLMNs.

[0086] The NSSF function may be implemented by an apparatus that includes a memory, a
processor and at least one network interface, wherein the processor reads instructions from

the memory and implements the NSSF function.

[0087] The disclosed NSSF may be embodied as processor executable code and stored on a
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computer-readable program medium.

[0088] FIG. 12 shows an example hardware platform 1200 that may be used to implement the
various architectural blocks described herein. For example, the blocks shown in FIG. 4, FIG. 5,
the NSSF, a user device, a mobile device, a mobility function, a repository function, etc. may be
implemented using the hardware platform 1200. The hardware platform 1200 may include a
processor 1210. The hardware platform 1200 may implement a communication interface 1220
such as the various interfaces shown in FIG. 1 to FIG. 5. The communication interface 1220
may be wired or wireless interface as appropriate. For example, some network functions in the
core network may comprise wired communication interface 1220, while user devices or mobile
stations may comprise wireless communication interfaces 1220. The processor 1210 may be
configured to implement the various techniques described in the present document. In
addition, the hardware platform 1200 may be communicatively coupled with other hardware
such as storage, database, memory, and so on.

[0089] FIG. 13 is a flowchart for an example method 1300 of facilitating registration of a mobile
device in a communication network. The communication network may be, for example, as
depicted in FIG. 6. The method 1300 includes receiving (1302), at a network slice selection
function (e.g., NSSF) in a communication network, a network slice instance request message
indicative of a configured network slice selection assistance information for a user device is
presently configured, a subscribed network slice selection assistance information for which the
user device has subscribed, and an identity of a registration area that the user device is
associated with, and transmitting (1304) , in response to the network slice request message, a
response message that includes information about allowed network slice instances for the user
device. In some examples, a network slice corresponds to a virtual logical network that is
optimized for at least one network service. In some examples, the allowed network slice
instances comprise network slice instances from the registration area that are available for the
user device. For example, at 1302, the message may be transmitted by a mobility function
such as the AMF, and received by the network slice selection function. Section IV.A describes
some additional features of method 1300.

[0090] The method 1300 may include identifying, in the response message, a new serving
mobility function for the user device (see, e.g., Step 7 of Section IV.A). In addition, as described
in Section IV.A, in some embodiments, the response message may further include a priority
rule related to the allowed network slice instances. For example, a priority rule may specify
which ones of available network slice instances has a higher priority for allocation or quality of
service.

[0091] The method 1300 may further include storing at the network slice selection function, a
mapping between access and mobility functions and network slice instances available in the
communication network. The storing may be performed such that the network slice selection
stores a system-wide mapping of mobility functions (e.g., AMF) and core part network slice
instances for a given communication network such as a PLMN. For example, the mapping
includes information about a set of active network slice instances corresponding to registration
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areas in the communication network, and corresponding access and mobility function that is
available for the set of active network slice instances. In addition, in some implementations,
network slice instance level policies indicating priority among network slice instances as
specified in the communication network (e.g., PLMN) may also be stored. The method 1300
may perform a slice level mapping for a given network slice selection assistance information,
using operational parameters such as at least one of the user device's location, a time window,
an identify of a service provider for the communication network, and the user device's current
serving mobile network operator. As depicted in FIG. 4 and FIG. 5, the network slice selection
function may be implemented as a separate network function (e.g., using a separate hardware
platform or platforms) that interacts with other network functions using a standardized
application programmers interface (API). In some implementations, e.g., as described in
Section Ill.B, the network slice selection function may be implemented by logically partitioning a
network repository function into a first level operating above slice-level and configured to
perform network level discovery and selection and a second level operating at slice-level and
configured to perform slice level discover and selection.

[0092] FIG. 14 is a flowchart for an example method 1400 for facilitating establishment of a
packet data session for a user device. For example, one implementation of the method 1400 is
described in Section IV C. The method 1400 includes, receiving (1402) a verification request
from a mobility function in a core network of a communication network, the verification request
identifying the user device, a current registration area of the user device and a network slice
assistance information requested by the user device for establishing the packet data session,
and transmitting (1404) a response to the mobility function identifying a network slice instance
available for the network slice assistance information requested by the user device. For
example, the mobility function may be the AMF. The method 1400 may further include
identifying another mobility function that is suitable for serving the user device. The method
1400 may further include identifying, in the response, a slicing policy associated with the
network slice instance. The response may further identify a revised allowed network slice
assistance information based on the another mobility function, such that the revised network
slice assistance information replaces a previous allowed network slice information for the user
device.

[0093] FIG. 15 is a flowchart for an example method 1500 of wireless communication session
performed during packet data session establishment for a user device. The method 1500
includes receiving (1502) by a network device in a wireless network a request for a data
session from a user device, the data session request identifying an identification for the user
device and a target data network for the data session, and facilitating (1504), further message
exchanges in the wireless network for providing the packet data session to the user device. For
example, this may include, selectively based on the identification for the user device, one of a
default serving mobility function and a current serving mobility function for serving the request
for the data session. The identification may be a temporary identification such that different
identifications may be used for different packet date establishment sessions.

[0094] FIG. 16 is a flowchart for an example method 1600 of operating an entry point function
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in a communication network. Section IV.D.3 describes one example embodiment of method
1600. The method 1600 may be implemented in a communication network comprising a first
PLMN and a second PLMN. The method 1600 includes operating (1602) an entry point
function in the first PLMN at a logical level above a first plurality of slice level repository
functions in the first PLMN to receive resource look-up requests from a second plurality of slice
level repository functions in the second PLMN, and communicating (1604) with the first plurality
of slice level repository functions in the first PLMN to generate a response for the resource
look-up requests. In various embodiments, the first and the second PLMNs may be home or
visited PLMNs and vice versa.

[0095] FIG. 17 is a flowchart for an example method 1700 of wireless communication
implemented by a mobile device. Some example embodiments are described in Section IV.A.
The method 1700 includes registering (1702) for operation in the wireless nework using
network slice assistance information for which the mobile device is configured, and indicating a
target set of network services that the mobile device wants, receiving (1704) a set of allowed
network slice assistance information and a session identification, and performing (1706) further
communication in the wireless network using the set of allowed network slice assistance
information and the session identification. The mobile device may further map services
requested by application level triggers to the allowed network slice instance assistance
information, and trigger a data session request in response to the application level triggers by
using the mapping.

[0096] FIG. 18 is a flowchart for an example method 1800 for providing network services to a
mobile device operating in a vested network. The method 1800 includes receiving (1802), by a
mobility function in the visited network, from the mobile device, a message identifying
requested network slice assistance information and an identification of the mobile device,
obtaining (1804) identification of a session management function in a home network for the
mobile device, wherein the obtaining is performed querying a network repository function in the
home network for the mobile device with the requested network slice assistance information,
and providing (1806) the identification of the session management function in the home
network to a session management function in the visited network. In some embodiments, the
mobility function in the visited network may cache a network slice information context of the
mobile device during a registration of the mobile device in the visited network.

[0097] FIG. 19 is a flowchart for another example method 1900 for providing network services
to a mobile device operating in a visited network. The method 1900 may be implemented by a
mobility function such as the AMF. The method 1900 includes receiving (1902), by a mobility
function in the visited network, from the mobile device, a message identifying requested
network slice assistance information and an identification of the mobile device, selecting (1904)
a session management function serving the visited network, and providing (1906) identification
of a network repository function in a home network for the mobile device and the requested
network slice assistance information to the session management function serving the visited
network for the session management function serving the visited network to look up a session
management function in the home network for the mobile device.
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[0098] In some embodiments, the mobility function may cache a network slice information
context of the mobile device during a registration of the mobile device in the visited network.

[0099] It will be appreciated that the present document discloses a new network function called
network slice selection function NSSF that can be implemented in the core network of a
communication network (e.g., 5G communication network). The NSSF tracks available NSI in a
given registration area and coordinates allocation of proper network resources to meet service
demands from a user device. The NSSF may achieve the coordination by interacting with the
AMF and with NSSF function in the mobile device's visited network.

[0100] The disclosed modules and the functional operations described in this document can be
implemented in digital electronic circuitry, or in computer software, firmware, or hardware,
including the structures disclosed in this document and their structural equivalents, or in
combinations of one or more of them. The disclosed and other embodiments can be
implemented as one or more computer program products, i.e., one or more modules of
computer program instructions encoded on a computer readable medium for execution by, or
to control the operation of, data processing apparatus. The computer readable medium can be
a machine-readable storage device, a machine-readable storage substrate, a memory device,
a composition of matter effecting a machine-readable propagated signal, or a combination of
one or more them. The term "data processing apparatus" encompasses all apparatus, devices,
and machines for processing data, including by way of example a programmable processor, a
computer, or multiple processors or computers. The apparatus can include, in addition to
hardware, code that creates an execution environment for the computer program in question,
e.g., code that constitutes processor firmware, a protocol stack, a database management
system, an operating system, or a combination of one or more of them. A propagated signal is
an artificially generated signal, e.g., a machine-generated electrical, optical, or electromagnetic
signal, that is generated to encode information for transmission to suitable receiver apparatus.

[0101] A computer program (also known as a program, software, software application, script,
or code) can be written in any form of programming language, including compiled or
interpreted languages, and it can be deployed in any form, including as a stand alone program
or as a module, component, subroutine, or other unit suitable for use in a computing
environment. A computer program does not necessarily correspond to a file in a file system. A
program can be stored in a portion of a file that holds other programs or data (e.g., one or
more scripts stored in a markup language document), in a single file dedicated to the program
in question, or in multiple coordinated files (e.g., files that store one or more modules, sub
programs, or portions of code). A computer program can be deployed to be executed on one
computer or on multiple computers that are located at one site or distributed across multiple
sites and interconnected by a communication network.

[0102] The processes and logic flows described in this document can be performed by one or
more programmable processors executing one or more computer programs to perform
functions by operating on input data and generating output. The processes and logic flows can
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also be performed by, and apparatus can also be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an ASIC (application specific
integrated circuit).

[0103] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors
of any kind of digital computer. Generally, a processor will receive instructions and data from a
read only memory or a random access memory or both. The essential elements of a computer
are a processor for performing instructions and one or more memory devices for storing
instructions and data. Generally, a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more mass storage devices for storing
data, e.g., magnetic, magneto optical disks, or optical disks. However, a computer need not
have such devices. Computer readable media suitable for storing computer program
instructions and data include all forms of non-volatile memory, media and memory devices,
including by way of example semiconductor memory devices, e.g., EPROM, EEPROM, and
flash memory devices; magnetic disks, e.g., internal hard disks or removable disks; magneto
optical disks; and CD ROM and DVD-ROM disks. The processor and the memory can be
supplemented by, or incorporated in, special purpose logic circuitry.

[0104] Only a few examples and implementations are disclosed. Variations, modifications, and
enhancements to the described examples and implementations and other implementations can
be made ewithout departing from the scope of the invention, which is defined by the appended
claims.
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Patentkrav

1. Fremgangsmade til at lette en operation med netvaerksopdeling i et tradlast
kommunikationsnetveerk, omfattende:

modtagelse, ved en funktion med valg af netveerksopdeling i et kommunikati-
onsnetvaerk og fra en betjeningsadgangs- og mobilitetsfunktion i kommunika-
tionsnetveerket, af en netveerksopdelingsinstansanmodning om informationer
om hjeelp til valg af netveerksopdeling, som er konfigureret specifikt til opdeling,
S-NSSAI, som i gjeblikket er konfigureret til en brugerindretning, en tilmeldt S-
NSSAI, som brugerindretningen har abonneret pa, og en identitet af et regi-
streringsomrade, som brugerindretningen er knyttet til;

bestemmelse, ved hjeelp af funktionen med valg af netveerksopdeling, af et
tilladt seet af S-NSSAI og et saet af kernenetveerksopdelingsinstanser, der er
tilgeengelige i registreringsomradet til at betjene brugerindretningen svarende
til det tilladte seet af S-NSSAI; og

transmission, ved hjaelp af funktionen med valg af netveerksopdeling og som
svar pa netveerksopdelinginstansanmodningen, af seettet af kernenetvaerksop-

delingsinstanser, der er kortlagt til det tilladte seet af S-NSSAI.

2. Fremgangsmade ifelge krav 1, yderligere omfattende:
identifikation af en ny betjeningsadgangs- og mobilitetsfunktion for brugerind-

retningen.

3. Fremgangsmade ifelge krav 1 eller 2, yderligere omfattende:
identifikation af et seet af arkivfunktioner pa betjeningsopdelingsniveau, der til-
vejebringer registrering og opdagelse for seettet af kernenetveerksopdelingsin-

stanser for brugerindretningen.

4. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 3, yderligere om-

fattende
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lagring, ved funktionen med valg af netveerksopdeling, af en kortlaegning mel-
lem adgangs- og mobilitetsfunktioner og netvaerksopdelingsinstanser, der er

tilgeengelige i kommunikationsnetveerket.

5. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 4, hvor funktio-
nen med valg af netveerksopdeling er implementeret som en logisk separat
netvaerksfunktion i kommunikationsnetveerket, og hvor funktionen med valg af
netveerksopdeling kommunikerer med andre enheder i kommunikationsnet-

vaerket ved hjeelp af en foruddefineret greenseflade.

6. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 4, hvor funktio-
nen med valg af netvaerksopdeling er implementeret ved logisk at opdele en
netveerksarkivfunktion i et f@rste niveau, der opererer over opdelingsniveau og
er konfigureret til at udfere opdagelse og udvaelgelse pa netvaerksniveau, og
et andet niveau, der opererer ved opdelingsniveau og er konfigureret til at ud-

fare opdagelse og udveelgelse af opdelingsniveau.

7. Kommunikationsindretning, der er konfigureret til at understatte en net-
vaerksopdeling, og omfatter en processor, der er konfigureret til at implemen-
tere en funktion med valg af netveerksopdeling, der udferer en fremgangs-
made, omfattende:

modtagelse, ved funktionen med valg af netveerksopdeling i et kommunikati-
onsnetvaerk og fra en betjeningsadgangs- og mobilitetsfunktion i kommunika-
tionsnetveerket, af en netvaerksopdelinginstansanmodning om informationer
om hjeelp til valg af netveerksopdeling, som er konfigureret specifikt til opdeling,
S-NSSAI, som i gjeblikket er konfigureret til en brugerindretning, en tilmeldt S-
NSSAI, som brugerindretningen har abonneret pa, og en identitet af et regi-
streringsomrade, som brugerindretningen er knyttet til;

bestemmelse, ved hjeelp af funktionen med valg af netveerksopdeling, af et

tilladt seet af S-NSSAI og et saet af kernenetveerksopdelingsinstanser, der er
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tilgeengelige i registreringsomradet til at betjene brugerindretningen svarende
til det tilladte seet af S-NSSAI; og

transmission, ved hjaelp af funktionen med valg af netveerksopdeling og som
svar pa netveerksopdelinginstansanmodning, af seettet af kernenetveerksopde-

lingsinstanser, der er kortlagt til det tilladte saet af S-NSSAI.

8. Kommunikationsindretning ifelge krav 7, hvor processoren yderligere er
konfigureret til:
at identificere en ny betjeningsadgangs- og mobilitetsfunktion for brugerindret-

ningen.

9. Kommunikationsindretning ifalge krav 7 eller 8, hvor processoren yderligere
er konfigureret til:

at identificere et saet af arkivfunktioner pa betjeningsopdelingsniveau, der til-
vejebringer registrering og opdagelse for seettet af kernenetveerksopdelingsin-

stanser for brugerindretningen.

10. Kommunikationsindretning ifelge et hvilket som helst af kravene 7 til 9,
hvor funktionen med valg af netveerksopdeling er implementeret som en logisk
separat netveerksfunktion i kommunikationsnetveerket, og hvor funktionen med
valg af netveerksopdeling kommunikerer med andre enheder i kommunikati-

onsnetveaerket ved hjeelp af en foruddefineret greenseflade.

11. Kommunikationsindretning ifelge et hvilket som helst af kravene 7 til 9,
hvor funktionen med valg af netveerksopdeling er implementeret ved logisk at
opdele en netvaerksarkivfunktion i et fgrste niveau, der opererer over opde-
lingsniveau og er konfigureret til at udfere opdagelse og udveelgelse pa net-
vaerksniveau, og et andet niveau, der opererer ved opdelingsniveau og er kon-

figureret til at udf@gre opdagelse og udveelgelse af opdelingsniveau.
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