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METHODS AND NEXT GENERATION EXPOSURE FUNCTION FOR
SERVICE EXPOSURE WITH NETWORK SLICING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional
Application Serial No. 62/317,175, filed April 1, 2016, which is incorporated by

reference herein.

BACKGROUND

[0002] Studies by the 3rd Generation Partnership Project (3GPP) on the
development of a fifth generation (5G) wireless communication system have
shown network slicing to be an important concept and an enabler for
providing different services and meeting different service requirements. A
network slice may include, for example, a logical connection of functions
residing in various nodes of a wireless communication system and may allow a
user to obtain services or network capacity on a per service basis. Network
slicing has also been discussed in other groups such as Next Generation
Mobile Networks (NGMN).

[0003] Discussions in 3GPP are focused on defining the overall solution
for providing a service using slicing. Topics such as determining how the
control plane (CP) and user plane (UP) nodes are grouped per slice or across
slices, the type of network functions that are run by these CP and UP nodes,
how 1s a slice selected, etc., have been discussed. Some discussions have also
involved the type of information that the radio access network (RAN) may use
to select a network slice, for example, using wireless transmit/receive unit

(WTRU) — provided information, or other inputs from the CP nodes.

SUMMARY

[0004] A system, method, and apparatus for service exposure with
network slicing is provided. The system, method, and apparatus may include
receiving a request from an application server (AS) to modify a network slice.
A network node or next generation exposure function (NGEF) may authorize

the request based on parameters associated with the request. The network
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node or NGEF may then send the authorized request to a database to be
further authorized for characteristics associated with the network slice. The
network node or NGEF may then receive a response from the database. The
response may include an authorization, wherein the characteristics associated
with the network slice include services of the network slice and a list of
wireless transmit/receive units (WTRUs) authorized to access the network
slice. The network node or NGEF may then send a request to modify a
network slice to a control plane (CP) node or network function (NF). The
network node or NGEF may then receive a result of the request to modify the
network slice. The result may include characteristics associated with the
modified network slice. The network node or NGEF may then send a network
slice modification response to the AS indicating a result of the request.

[0005] An architecture is described for service exposure. This
architecture may depend on configurations or deployments of network slices.
Each network slice may have a specific exposure function (EXP FXN). The
main exposure function may be the NGEF which may delegate requests to the
EXP FXN.

[0006] One or more network components, for example an NGEF or a
database including a home subscriber server (HSS), may have policies to
determine which slices are necessary to expose a set of services. The service
type may be identified by as an external service ID (ESID) and it may map to
one or more network slices that are identified by a network slice identification
(NSID).

[0007] The network, for example by an NGEF, may contact a network
node to create or modify a slice based on a request from an AS. The NGEF or
another network node may determine the slice characteristics based on local
policies, slice blueprints, and/or AS requirements. The created slice may have
its own local exposure function.

[0008] The NGEF may receive requests to expose one or more services.
The NGEF determines which slices are to be contacted for the service
exposure. The determination may be based on local policies and/or

subscription information.
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[0009] Services may be exposed by more than one slice, for example, an
NGEF may consolidate event reporting from different slices, send a
consolidated report to the AS and indicate the service ID for this report or
exposure.

[0010] A system, method, and apparatus for service exposure with
network slicing is provided. The method may comprise receiving a request,
from an application server, to create or modify a network slice. The request
may include one or more first network slice parameters including: an
application identifier (App ID), an external service ID, an indication of a
service type or at least one target WTRU. A target network slice may be
determined based on the parameters of the received request. The request may
be forwarded, through a local NGEF, to a control plane network function (CP
NF). A response may be received, through the local NGEF, from the CP NF
including network slice parameters. A network slice modification response
message may be sent to the application server including a result of the
received request and corresponding second network slice parameters. The
determination of the target network slice may be based on a mapping of the

external service ID to a target network slice ID.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:

[0012] FIG. 1A is a system diagram of an example communications
system in which one or more disclosed embodiments may be implemented;
[0013] FIG. 1B is a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used within the communications
system illustrated in FIG. 1A;

[0014] FIG. 1C is a system diagram of an example radio access network
and an example core network that may be used within the communications

system illustrated in FIG. 1A;
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[0015] FIG. 2 is a diagram of an example system for network slice
components;

[0016] FIG. 3 is a diagram of another example system for network slice
components;

[0017] FIG. 4 is a diagram of yet another example system for network
slice components;

[0018] FIG. 5 is a diagram of an example solution for network slicing;
[0019] FIG. 6 is a diagram of an example solution for network selection;
[0020] FIG. 7 is a diagram of an example solution for network slice
selection;

[0021] FIG. 8 is a diagram of an example architecture for service

exposure in an Evolved Packet System (EPS);
[0022] FIG. 9 is a diagram of an example architecture for service

exposure with network slices;

[0023] FIG. 10 is a flowchart which illustrates a request processing
method performed by an NGEF;

[0024] FIG. 11 is an list of characteristics which may describe an
exemplary network slice;

[0025] FIG. 12A is a diagram of an example procedure for modifying, by
an application server (AS), a network slice;

[0026] FIG. 12B is a continuation of FIG. 12A;

[0027] FIG. 13 is a diagram of an example procedure for submitting a

request for service exposure;

[0028] FIG. 14 is a diagram of an example procedure for reporting a
notification; and

[0029] FIG. 15 is a flowchart of an exemplary method for exposing a

number of WTRUs in an area.

DETAILED DESCRIPTION

[0030] FIG. 1A is a diagram of an example communications system 100
in which one or more disclosed embodiments may be implemented. The

communications system 100 may be a multiple access system that provides

4-



WO 2017/173259 PCT/US2017/025359

content, such as voice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable multiple wireless
users to access such content through the sharing of system resources,
including wireless bandwidth. For example, the communications systems 100
may employ one or more channel access methods, such as code division
multiple access (CDMA), time division multiple access (TDMA), frequency
division multiple access (FDMA), orthogonal FDMA (OFDMA), single-carrier
FDMA (SC-FDMA), and the like.

[0031] As shown in FIG. 1A, the communications system 100 may
include wireless transmit/receive units (WTRUs) 102a, 102b, 102c, 102d, a
radio access network (RAN) 104, a core network 106, a public switched
telephone network (PSTN) 108, the Internet 110, and other networks 112,
though it will be appreciated that the disclosed embodiments contemplate any
number of WTRUs, base stations, networks, and/or network elements. Each of
the WTRUs 102a, 102b, 102¢c, 102d may be any type of device configured to
operate and/or communicate in a wireless environment. By way of example,
the WTRUs 102a, 102b, 102c¢, 102d may be configured to transmit and/or
receive wireless signals and may include user equipment (UE), a mobile
station, a fixed or mobile subscriber unit, a pager, a cellular telephone, a
personal digital assistant (PDA), a smartphone, a laptop, a netbook, a
personal computer, a wireless sensor, consumer electronics, and the like.
[0032] The communications systems 100 may also include a base station
114a and a base station 114b. Each of the base stations 114a, 114b may be
any type of device configured to wirelessly interface with at least one of the
WTRUs 102a, 102b, 102c¢, 102d to facilitate access to one or more
communication networks, such as the core network 106, the Internet 110,
and/or the other networks 112. By way of example, the base stations 114a,
114b may be a base transceiver station (BTS), a Node-B, an eNode B, a Home
Node B, a Home eNode B, a site controller, an access point (AP), a wireless
router, and the like. While the base stations 114a, 114b are each depicted as a
single element, it will be appreciated that the base stations 114a, 114b may

include any number of interconnected base stations and/or network elements.
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[0033] The base station 114a may be part of the RAN 104, which may
also include other base stations and/or network elements (not shown), such as
a base station controller (BSC), a radio network controller (RNC), relay nodes,
etc. The base station 114a and/or the base station 114b may be configured to
transmit and/or receive wireless signals within a particular geographic region,
which may be referred to as a cell (not shown). The cell may further be
divided into cell sectors. For example, the cell associated with the base station
114a may be divided into three sectors. Thus, in one embodiment, the base
station 114a may include three transceivers, i.e., one for each sector of the cell.
In another embodiment, the base station 114a may employ multiple-input
multiple-output (MIMO) technology and, therefore, may utilize multiple
transceivers for each sector of the cell.

[0034] The base stations 114a, 114b may communicate with one or more
of the WTRUs 102a, 102b, 102¢, 102d over an air interface 116, which may be
any suitable wireless communication link (e.g., radio frequency [RF),
microwave, infrared (IR), ultraviolet (UV), visible light, etc.). The air interface
116 may be established using any suitable radio access technology (RAT).
[0035] More specifically, as noted above, the communications system
100 may be a multiple access system and may employ one or more channel
access schemes, such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the
like. For example, the base station 114a in the RAN 104 and the WTRUs
102a, 102b, 102¢c may implement a radio technology such as Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access (UTRA), which
may establish the air interface 116 using wideband CDMA (WCDMA).
WCDMA may include communication protocols such as High-Speed Packet
Access (HSPA) and/or Evolved HSPA (HSPA+). HSPA may include High-
Speed Downlink Packet Access (HSDPA) and/or High-Speed Uplink Packet
Access (HSUPA).

[0036] In another embodiment, the base station 114a and the WTRUs
102a, 102b, 102¢ may implement a radio technology such as Evolved UMTS
Terrestrial Radio Access (E-UTRA), which may establish the air interface 116
using Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A).

-6-
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[0037] In other embodiments, the base station 114a and the WTRUs
102a, 102b, 102¢ may implement radio technologies such as IEEE 802.16 G.e.,
Worldwide Interoperability for Microwave Access (WiMAX)), CDMA2000,
CDMA2000 1X, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000), Interim
Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN), and the like.

[0038] The base station 114b in FIG. 1A may be a wireless router, Home
Node B, Home eNode B, or access point, for example, and may utilize any
suitable RAT for facilitating wireless connectivity in a localized area, such as a
place of business, a home, a vehicle, a campus, and the like. In one
embodiment, the base station 114b and the WTRUs 102¢, 102d may
implement a radio technology such as IEEE 802.11 to establish a wireless
local area network (WLAN). In another embodiment, the base station 114b
and the WTRUs 102¢, 102d may implement a radio technology such as IEEE
802.15 to establish a wireless personal area network (WPAN). In yet another
embodiment, the base station 114b and the WTRUs 102c, 102d may utilize a
cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to
establish a picocell or femtocell. As shown in FIG. 1A, the base station 114b
may have a direct connection to the Internet 110. Thus, the base station 114b
may not be required to access the Internet 110 via the core network 106.
[0039] The RAN 104 may be in communication with the core network
106, which may be any type of network configured to provide voice, data,
applications, and/or voice over internet protocol (VoIP) services to one or more
of the WTRUs 102a, 102b, 102¢, 102d. For example, the core network 106 may
provide call control, billing services, mobile location-based services, pre-paid
calling, Internet connectivity, video distribution, etc., and/or perform high-
level security functions, such as user authentication. Although not shown in
FIG. 1A, it will be appreciated that the RAN 104 and/or the core network 106
may be in direct or indirect communication with other RANs that employ the
same RAT as the RAN 104 or a different RAT. For example, in addition to
being connected to the RAN 104, which may be utilizing an E-UTRA radio

-
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technology, the core network 106 may also be in communication with another
RAN (not shown) employing a GSM radio technology.

[0040] The core network 106 may also serve as a gateway for the
WTRUs 102a, 102b, 102¢, 102d to access the PSTN 108, the Internet 110,
and/or other networks 112. The PSTN 108 may include circuit-switched
telephone networks that provide plain old telephone service (POTS). The
Internet 110 may include a global system of interconnected computer
networks and devices that use common communication protocols, such as the
transmission control protocol (TCP), user datagram protocol (UDP) and the
internet protocol (IP) in the TCP/IP internet protocol suite. The networks 112
may include wired or wireless communications networks owned and/or
operated by other service providers. For example, the networks 112 may
include another core network connected to one or more RANs, which may
employ the same RAT as the RAN 104 or a different RAT.

[0041] Some or all of the WTRUs 102a, 102b, 102c¢, 102d in the
communications system 100 may include multi-mode capabilities, i.e., the
WTRUs 102a, 102b, 102c, 102d may include multiple transceivers for
communicating with different wireless networks over different wireless links.
For example, the WTRU 102¢c shown in FIG. 1A may be configured to
communicate with the base station 114a, which may employ a cellular-based
radio technology, and with the base station 114b, which may employ an IEEE
802 radio technology.

[0042] FIG. 1B is a system diagram of an example WTRU 102. As
shown in FIG. 1B, the WTRU 102 may include a processor 118, a transceiver
120, a transmit/receive element 122, a speaker/microphone 124, a keypad 126,
a display/touchpad 128, non-removable memory 130, removable memory 132,
a power source 134, a global positioning system (GPS) chipset 136, and other
peripherals 138. It will be appreciated that the WTRU 102 may include any
sub-combination of the foregoing elements while remaining consistent with an
embodiment.

[0043] The processor 118 may be a general purpose processor, a special

purpose processor, a conventional processor, a digital signal processor (DSP), a
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plurality of microprocessors, one or more microprocessors in association with a
DSP core, a controller, a microcontroller, Application Specific Integrated
Circuits (ASICs), Field Programmable Gate Array (FPGAs) circuits, any other
type of integrated circuit (IC), a state machine, and the like. The processor
118 may perform signal coding, data processing, power control, input/output
processing, and/or any other functionality that enables the WTRU 102 to
operate in a wireless environment. The processor 118 may be coupled to the
transceiver 120, which may be coupled to the transmit/receive element 122.
While FIG. 1B depicts the processor 118 and the transceiver 120 as separate
components, it will be appreciated that the processor 118 and the transceiver
120 may be integrated together in an electronic package or chip.

[0044] The transmit/receive element 122 may be configured to transmit
signals to, or receive signals from, a base station (e.g., the base station 114a)
over the air interface 116. For example, in one embodiment, the
transmit/receive element 122 may be an antenna configured to transmit
and/or receive RF signals. In another embodiment, the transmit/receive
element 122 may be an emitter/detector configured to transmit and/or receive
IR, UV, or visible light signals, for example. In yet another embodiment, the
transmit/receive element 122 may be configured to transmit and receive both
RF and light signals. It will be appreciated that the transmit/receive element
122 may be configured to transmit and/or receive any combination of wireless
signals.

[0045] In addition, although the transmit/receive element 122 is
depicted in FIG. 1B as a single element, the WTRU 102 may include any
number of transmit/receive elements 122. More specifically, the WTRU 102
may employ MIMO technology. Thus, in one embodiment, the WTRU 102
may include two or more transmit/receive elements 122 (e.g., multiple
antennas) for transmitting and receiving wireless signals over the air
interface 116.

[0046] The transceiver 120 may be configured to modulate the signals
that are to be transmitted by the transmit/receive element 122 and to

demodulate the signals that are received by the transmit/receive element 122.
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As noted above, the WTRU 102 may have multi-mode capabilities. Thus, the
transceiver 120 may include multiple transceivers for enabling the WTRU 102
to communicate via multiple RATs, such as UTRA and IEEE 802.11, for
example.

[0047] The processor 118 of the WTRU 102 may be coupled to, and may
receive user input data from, the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128 (e.g., a liquid crystal display (LCD) display
unit or organic light-emitting diode (OLED) display unit). The processor 118
may also output user data to the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128. In addition, the processor 118 may access
information from, and store data in, any type of suitable memory, such as the
non-removable memory 130 and/or the removable memory 132. The non-
removable memory 130 may include random-access memory (RAM), read-only
memory (ROM), a hard disk, or any other type of memory storage device. The
removable memory 132 may include a subscriber identity module (SIM) card,
a memory stick, a secure digital (SD) memory card, and the like. In other
embodiments, the processor 118 may access information from, and store data
in, memory that is not physically located on the WTRU 102, such as on a
server or a home computer (not shown).

[0048] The processor 118 may receive power from the power source 134,
and may be configured to distribute and/or control the power to the other
components in the WTRU 102. The power source 134 may be any suitable
device for powering the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-zinc
(NiZn), nickel metal hydride (NiMH), lithium-ion (Li-ion), etc.), solar cells, fuel
cells, and the like.

[0049] The processor 118 may also be coupled to the GPS chipset 136,
which may be configured to provide location information (e.g., longitude and
latitude) regarding the current location of the WTRU 102. In addition to, or in
lieu of, the information from the GPS chipset 136, the WTRU 102 may receive
location information over the air interface 116 from a base station (e.g., base

stations 114a, 114b) and/or determine its location based on the timing of the

-10-



WO 2017/173259 PCT/US2017/025359

signals being received from two or more nearby base stations. It will be
appreciated that the WTRU 102 may acquire location information by way of
any suitable location-determination method while remaining consistent with
an embodiment.

[0050] The processor 118 may further be coupled to other peripherals
138, which may include one or more software and/or hardware modules that
provide additional features, functionality and/or wired or wireless
connectivity. For example, the peripherals 138 may include an accelerometer,
an e-compass, a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device, a television
transceiver, a hands free headset, a Bluetooth® module, a frequency
modulated (FM) radio unit, a digital music player, a media player, a video
game player module, an Internet browser, and the like.

[0051] FIG. 1C is a system diagram of the RAN 104 and the core
network 106 according to an embodiment. As noted above, the RAN 104 may
employ an E-UTRA radio technology to communicate with the WTRUs 102a,
102b, 102c over the air interface 116. The RAN 104 may also be in
communication with the core network 106.

[0052] The RAN 104 may include eNode-Bs 140a, 140b, 140c, though it
will be appreciated that the RAN 104 may include any number of eNode-Bs
while remaining consistent with an embodiment. The eNode-Bs 140a, 140b,
140c may each include one or more transceivers for communicating with the
WTRUs 102a, 102b, 102¢ over the air interface 116. In one embodiment, the
eNode-Bs 140a, 140b, 140c may implement MIMO technology. Thus, the
eNode-B 140a, for example, may use multiple antennas to transmit wireless
signals to, and receive wireless signals from, the WTRU 102a.

[0053] Each of the eNode-Bs 140a, 140b, 140c may be associated with a
particular cell (not shown) and may be configured to handle radio resource
management decisions, handover decisions, scheduling of users in the uplink
and/or downlink, and the like. As shown in FIG. 1C, the eNode-Bs 140a, 140D,

140c may communicate with one another over an X2 interface.
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[0054] The core network 106 shown in FIG. 1C may include a mobility
management entity gateway (MME) 142, a serving gateway 144, and a packet
data network (PDN) gateway 146. While each of the foregoing elements are
depicted as part of the core network 106, it will be appreciated that any one of
these elements may be owned and/or operated by an entity other than the core
network operator.

[0055] The MME 142 may be connected to each of the eNode-Bs 140a,
140b, 140c in the RAN 104 via an S1 interface and may serve as a control
node. For example, the MME 142 may be responsible for authenticating users
of the WTRUs 102a, 102b, 102c, bearer activation/deactivation, selecting a
particular serving gateway during an initial attach of the WTRUs 102a, 102b,
102c, and the like. The MME 142 may also provide a control plane function
for switching between the RAN 104 and other RANs (not shown) that employ
other radio technologies, such as GSM or WCDMA.

[0056] The serving gateway 144 may be connected to each of the eNode
Bs 140a, 140b, 140c in the RAN 104 via the S1 interface. The serving gateway
144 may generally route and forward user data packets to/from the WTRUs
102a, 102b, 102c. The serving gateway 144 may also perform other functions,
such as anchoring user planes during inter-eNode B handovers, triggering
paging when downlink data is available for the WTRUs 102a, 102b, 102c,
managing and storing contexts of the WTRUs 102a, 102b, 102¢, and the like.
[0057] The serving gateway 144 may also be connected to the PDN
gateway 146, which may provide the WTRUs 102a, 102b, 102¢ with access to
packet-switched networks, such as the Internet 110, to facilitate
communications between the WTRUs 102a, 102b, 102c¢ and IP-enabled
devices.

[0058] The core network 106 may facilitate communications with other
networks. For example, the core network 106 may provide the WTRUs 102a,
102b, 102¢ with access to circuit-switched networks, such as the PSTN 108, to
facilitate communications between the WTRUs 102a, 102b, 102¢ and
traditional land-line communications devices. For example, the core network

106 may include, or may communicate with, an IP gateway (e.g., an IP
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multimedia subsystem (IMS) server) that serves as an interface between the
core network 106 and the PSTN 108. In addition, the core network 106 may
provide the WTRUs 102a, 102b, 102¢c with access to the networks 112, which
may include other wired or wireless networks that are owned and/or operated
by other service providers.

[0059] Other network 112 may further be connected to an IEEE 802.11
based wireless local area network (WLAN) 160. The WLAN 160 may include
an access router 165. The access router may contain gateway functionality.
The access router 165 may be in communication with a plurality of access
points (APs) 170a, 170b. The communication between access router 165 and
APs 170a, 170b may be via wired Ethernet IEEE 802.3 standards), or any
type of wireless communication protocol. AP 170a is in wireless
communication over an air interface with WTRU 102d.

[0060] Although, a WTRU is used in the embodiments described herein,
each one of the associated FIGs may include a UE, STA, or other device
configured to operate in a wireless communication system.

[0061] As described above, a network slice may include, for example, a
logical collection of functions residing in various nodes of a wireless
communication system that may allow a user to obtain services or network
capacity on a per service basis. Also, as mentioned above, the way that control
plane (CP) and user plane (UP) nodes are grouped per slice or across slices,
the type of network functions that are run by these CP and UP nodes, how is a
slice selected, for example, have been discussed in 3GPP. Furthermore, some
discussions involve the type of information that the RAN may use to select a
network slice, for example using information provided by a WTRU or other
inputs from CP nodes.

[0062] A potential grouping of CP and UP nodes per slice is described
herein. The following 3 options have been discussed in 3GPP as shown in FIG.
2, FIG. 3, and FIG. 4.

[0063] As shown in FIG. 2, FIG. 3, and FIG. 4, a network slice may have
independent CP and UP nodes, or may share CP nodes but have independent

UP nodes, or may share CP functions and have independent CP functions and
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UP nodes. An access network (AN) may be consistently shared among slices
regardless of any network slice method selected.

[0064] FIG. 2 shows an example network slice arrangement 200 with
two CN instances 204, 206. A WTRU 202 may obtain services from different
network slices and different CN instances 204, 206. In this way, a logical
separation or isolation between CN instances is achieved. Group A has an
independent subscription management/mobility management entity for each
network slice handling the WTRU.

[0065] FIG. 3 shows an example network slice arrangement 300 with
shared CN CP functions 302 and independent CP and UP instances 304, 306.
Group B provides for a common identity/subscription management and
mobility management between network slices, while other functions such as
the more session related aspects of the CP and UP reside in individual
network slices.

[0066] FIG. 4 shows an example network slice 400 with shared CN CP
functions 402 and independent UP instances 404, 406. Group C assumes that
control plane handling is shared in common between slices, while the user
plane(s) are handled as different network slices. An instance of a CP or UP
may refer to all functionality required to perform CP or UP functionality.
However, the term function as used herein may refer to a subset of, or portion
of, a CP or UP.

[0067] FIG. 5 shows an example embodiment 500 for network slicing
that has been discussed in 3GPP. It is modeled towards Option C as shown in
FIG. 4, which may have a shared CP function but independent UP nodes and
functions. The discussed solution includes a Core Network Instance 502 that
comprises of a single set of CP functions 504 and a single set of UP functions
506. A Core Network Instance may be dedicated for the WTRUs that belong to
the same WTRU type. Identifying the WTRU type is done by using a specific
parameter, e.g., the WTRU Usage Type, and/or information from the WTRU’s
subscription.

[0068] A set of CP functions 504 may be responsible, for example, for
supporting WTRU mobility if demanded or for admitting the WTRU 514 into
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the network by performing authentication and subscription verification. A set
of UP functions 506 in a Core Network Instance may be responsible for
providing a specific service to the WTRU and for transporting the UP data of
the specific service. For example, one set of UP functions 506 in Core Network
Instance#1 502, as shown in FIG. 5, may provide an enhanced mobile
broadband service to the WTRU, whereas another set of UP functions 508 in
Core Network Instance#2 510 may provide a critical communication service to
the WTRU. When a WTRU 514 first connects to an operator’s network, a
default Core Network Instance that matches to the WTRU Usage Type may be
assigned to the WTRU. Each WTRU 514 may have multiple UP connections to
different sets of UP functions that are available via different Core Network
Instances simultaneously. A Core Network Selection Function (CNSF) 512
may be responsible for: (1) selecting which Core Network Instance 502, 510 to
accommodate a WTRU 514 by taking into account the WTRU’s subscription
and the specific parameter, for example, the WTRU Usage Type parameter;
(2) selecting which CP functions within the selected Core Network Instance
that the Base Station should communicate with, for example, by using the
specific parameter, WTRU Usage Type; (3) selecting which set of UP functions
that a base station should establish the connection for transport UP data of
different services. This selection of UP function is done by using the specific
parameter, for example, WTRU Usage Type and Service Type. Information
regarding first and second network slices may be stored 516 at a WTRU.

[0069] FIG. 6 shows an alternative solution proposal 600 for network
slice components and selection that has been discussed in 3GPP. The proposed
solution includes a slice selection and routing function 602 that may be
provided by a RAN, for example, similar to a NAS Node Selection Function.
Alternatively, a CN provided function may perform the same task. The slice
selection and routing function 602 may route signaling to a CN instance 604-
612 based on WTRU provided 614 and any available CN provided information.
As all network instances of the PLMN 616 share radio access, there may be a
need for separating any access barring and (over)load control per slice. That

may be accomplished comparable to separated access barring and (over)load
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control procedures provided per PLMN operator for network sharing. With
that approach, there may be CN resources that cannot be fully separated, for
example, transport network resources. Any RAN internal slicing or managing
of shared RAN resources is for RAN WGs.

[0070] FIG. 7 illustrates another solution discussed in 3GPP, in which a
“multi-dimensional” descriptor is used for slice selection. In order to perform
network selection, this proposed solution includes, a selection principle for
enabling selection of an appropriate function to deliver a certain service
within a class of functions designed for a certain use case. This proposed
solution suggests that selection criteria should enable selection of the proper
network slice for a certain application and also the proper functional
components within the network slice for a certain service requested by a
WTRU 702-706 at any time.

[0071] An application running on the WTRU 702-706 may provide a
multi-dimensional descriptor. The multi-dimensional descriptor may contain
at least the following: Application ID and Service Descriptor. A service
descriptor may identify an enhanced mobile broadband (eMBB) service,
critical communication (CriC) service, or a massive mchine type
communications (mMTC) service. The network may use the multi-dimensional
descriptor along with other information, for example, subscription information
available in the network, to choose an appropriate network slice and network
functions. This may be referred to as the multi-dimensional selection
mechanism. Network slice and function selection may use a two-step selection
mechanism or may involve more than two steps. Along with information, for
example, subscription information, available in the network, the selection
function in the RAN may use the application ID as part of the multi-
dimensional descriptor to select the appropriate core network slice. The
selection function within the core network may use the service descriptor as
part of the multi-dimensional descriptor, to select the appropriate network
functions within the network slice. Network slice and function selection may
also use a one step selection mechanism. Along with the subscription or other

information available in the network, the selection function within the RAN or
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the selection function in the core network may use the application ID and
Service Descriptor (multi-dimensional descriptor) to select the appropriate
network slice, network functions and may redirect a WTRU accordingly. In
FIG. 7, WTRU 1 702 is configured to be serviced by MM1 708, SM1 710, and
PC1 712 of CN slice A 714. WTRU 2 704 is configured to be serviced by MM3
716, SM3 718 and PC3 720 of CN slice B 722. WTRU 3 706 is configured to be
serviced by SM2 722 and PC2 724 of CN slice C 726.

[0072] The EPS system may support some level of service exposure via a
network node that is called Service Capability Exposure Function (SCEF). The
architecture for this exposure is shown in FIG. 8.

[0073] FIG. 8 shows a general architecture 800 of an SCEF 802.
Depending on the specific service that is to be exposed, the SCEF 802 may
interact with more specific network functions or entities 804-810. For
example, if an application server (AS) would like to be notified of the
availability of a device, alternatively implying that the network is exposing a
monitoring event, then the SCEF 802 may interact with an HSS directly, or
indirectly with an MME via the HSS. Interaction with an application may be
provided by one or more application programming interfaces (APIs) 812-818.
[0074] The EPS may support exposure for several services related to
group based services, monitoring services and other services that are
considered in 3GPP. Monitoring services that are exposed in EPS are
described herein in detail. The EPS system may expose several monitoring
services as detailed in 3GPP TR 23.789. The following is a list of monitoring
events that were concluded as part of the monitoring enhancement work in
3GPP. Section 8.2 of 3GPP TR 23.789 describes monitoring events as
described herein.

[0075] A one-time roaming status or serving network of a WTRU may be
considered to change infrequently and information required may be available
at an HSS. It is recommended that the combined MME / Serving GPRS
Support Node (SGSN) MME/SGSN) + HSS solution of clause 6.3 of 3GPP TR
23.789 is specified for this event. A change in the roaming status or serving

network of a WTRU may be detected. When this change is detected, it is
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recommended that the combined MME/SGSN + HSS solution of clause 6.3 is
specified.

[0076] A location of a WTRU may be determined by a network element
or may be reported by the WTRU. For a one-time current location of WTRU, it
is recommended that the combined MME/SGSN + HSS solution of clause 6.3 is
specified for this event. If dynamic policy and charging control (PCC) is used
for a given WTRU, and an SCEF is able to locate the Policy and Charging
Rules Function (PCRF) serving this WTRU, for example an active IP
Connectivity Access Network (IP-CAN) session exists, then based on operator
preferences, existing mechanisms specified in TS 23.203 may be used for this
event. It should be noted that the MME may require an appropriate
configuration as in TS 23.401. For a one-time last known location of WTRU, it
is recommended that the combined MME/SGSN + HSS solution of clause 6.3 is
specified for this event. If dynamic PCC is used for a given WTRU, and SCEF
is able to locate the PCRF serving this WTRU (@.e. active IP-CAN session
exist), then based on operator preferences, existing mechanisms specified in
TS 23.203 may be used for this event. It should be noted that MME may
require appropriate configuration (see TS 23.401). Upon determining a change
of a location area, a report may be created. It is recommended that the
combined MME/SGSN + HSS solution (clause 6.3) is specified for this event. A
continuous reporting of location may be performed. It is recommended that the
combined MME/SGSN + HSS solution (clause 6.3) is specified for this event.
[0077] An association between an MTC Device and a UICC may be
changed. For one time reporting and continuous reporting it is recommended
that the combined MME/SGSN + HSS solution of clause 6.3 is specified. For a
loss of connectivity it is recommended that combined MME/SGSN + HSS
solution of clause 6.3 is specified for this event. It is recommended that the
combined MME/SGSN + HSS solution of clause 6.3 is specified for WTRU
reachability. It is recommended that the combined MME/SGSN + HSS
solution of clause 6.3 is specified for communication failure. This event is
limited to reporting of RAN/NAS failure cause code values. If dynamic PCC is
used for a given WTRU, and an SCEF is able to locate the PCRF serving this
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WTRU, 1e. an active IP-CAN session exists, then based on operator
preferences, existing mechanisms specified in TS 23.203 may be used for this
event. It should be noted that RAN/NAS Release Cause is only sent by the
MME to the PDN GW if this is permitted according to MME operator's policy
asin TS 23.401, clause 5.4.4.2.

[0078] A number of WTRUs present in a certain area may be reported.
This event may be limited to one time reporting of the number of WTRUs
present in a certain area. For one time reporting it is recommended that the
combined MME/SGSN + HSS solution of clause 6.3 is specified for this event.
This event request may be sent directly to the serving node(s) by the SCEF.
Serving nodes may report the event directly to SCEF. The exact methods that
are used to expose these events may be found in 3GPP TR 23.789.

[0079] A network may be composed of several slices, with some
functions shared, or not shared, across slices. The function that exposes
services may need to be determined, especially with respect to whether or not
it is shared, or whether some of the functions are shared across some slices
and if slices may have isolated/independent exposure functions.

[0080] The current EPS exposes a set of services via the SCEF. As
indicated above, the manner in which the SCEF interacts with the particular
network entity may depend on the service that is being exposed. Moreover, the
EPS system may have a known architecture and hence the network nodes
with which interactions are needed for service exposure may be defined.
However, since 5G systems may have a completely different architecture,
especially with control plane (CP) and user plane (UP) separation, the
network node and the method to expose the same service may be different in a
5G system than in the EPS system. As such, the exact nodes that are required
to provide service exposure and the methods that are needed to do so (.e.
interactions between various nodes) should be defined.

[0081] For example, it should be clear whether one exposure framework
is needed for all slices or whether network slices may have their own exposure

functions.
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[0082] An Application Server (AS) may be allowed to modify a network
slice. There may be cases in which an AS is required to modify a network slice,
and there may be a need for methods and apparatuses to support such a
modification. The methods and apparatuses described herein provide methods
and systems which address this requirement. 3GPP is studying creating a
network slice based on the requirement of the 3rd party or customized
network function on-demand.

[0083] It should be noted that the phrase “modify a network slice” may
mean any of the following: create a network slice, modify a network slice, or
release a network slice. Moreover, a network slice may refer to one or more
network functions or control plane functions. Modifying a network slice may
include adding or deleting a CP function or a UP function in the core network
instance.

[0084] Methods are provided for ensuring that current services are
exposed. Additionally, methods to expose current functions are described
herein. Methods which address how the current services may be exposed in
the context of network slicing should be defined. For example, to ascertain a
number of WTRUs in a certain location, the request from the AS may be
related to a particular service type and hence a particular slice. Alternatively,
the request may be for all WTRUSs regardless of the service type and hence
slice, which means that all slices would be impacted by this request.

[0085] A WTRU may have access to two or more slices and may also
have a data session with one or more ASs. Thus, when an AS requests the
exposure of a particular service, for a WTRU that may have access to 2 or
more slices, it may be necessary to determine which of the 2 slices (which may
include both slices) should be contacted for exposing this service. For example,
assuming that the WTRU accesses two slices over which it contacts two
servers AS1 and AS2. These servers may be only accessed over specific slices,
e.g. slice 1 and slice 2, respectively. As such, if an AS1 requests to be notified
when the WTRU 1is reachable, then a determination should be made as to
whether AS1 is notified if the WTRU contacts slice 2. Methods and

apparatuses are defined herein for how this notification may happen.
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[0086] Also, for a WTRU with access to two slices, it should be
determined which node in which slice reports the event. It is preferrable that
the event report not be duplicated and the most up to date information should
be retrieved from these nodes.

[0087] Architectural solutions and options for service exposure in
networks with slices are described herein. FIG. 9 shows an example
architecture 900 for service exposure in a network that supports slicing, which
may be used in or in combination with any of the embodiments described
herein. The following description described an overview of nodes shown in
FIG. 9.

[0088] A Next Generation Exposure Function (NGEF) 902 may be
similar to an SCEF of EPS. However, the NGEF 902 may perform new
functions and may connect to CP nodes directly, using either a shared 904 or
non-shared CP function 906-910. The non-shared CP function nodes may be
within a particular slice. The NGEF may connect to a database system such as
an HSS.

[0089] An Exposure Function (EXP FXN) 912-916 may be specific to a
particular network slice and may connect to a shared CP node. The EXP FXN
may also connect, directly or indirectly (via a shared CP node) to the NGEF.
The EXP FXN may in turn connect to a non-shared CP node within the slice.
Furthermore, an EXP FXN may connect to an HSS and although this is only
shown for EXP FXN 1 912, it may apply to all other EXP FXNs per slice. The
EXP FXN may also connect directly to an AS as shown for EXP FXN 3 916.
This may also apply to all other EXP FXNs. It should be noted that the EXP
FXN may not be available altogether.

[0090] A Shared CP 904 may refer to a set of CP functions that may be
shared by different network slices. The shared CP function or node 904 may
connect directly to the NGEF 902 and may also connect directly to an EXP
FXN 912-916 or to a non-shared CP node 906-910 either directly or indirectly
via an EXP FXN 912-916. Although not shown, the shared CP node may
connect directly to the AS.
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[0091] A non-shared CP function or node 906-910 may refer to a set of
CP functions that may be local to a slice and not shared with other slices. A
non-shared CP may connect directly to a shared CP function or node, to an
EXP FXN 912-916, or to an NGE 902. A non-shared CP function or node may
connect to a database such as the HSS. This may apply to all non-shared CP
nodes although FIG. 9 only depicts the non-shared CP1. It should be noted
that a slice may not necessarily contain a non-shared CP function.

[0092] There may be a hierarchy of NGEFs. A main NGEF may be
sufficient to expose services for at least one slice. Alternatively, each slice may
have its own local NGEF, referred to as an EXP FXN.

[0093] In general, or regardless of whether or not a hierarchical set of
NGEFs is deployed, the following functions may be performed by the NGEF as
a first step for service exposure.

[0094] FIG. 10 is a flowchart which illustrates a request processing
method 1000 performed by an NGEF. The NGEF may maintain a mapping
between an external network or service ID 1002, hereinafter referred to as an
external service ID (ESID) and an internal network slice identification
(NSID). The ESID may be of any form such as a number or a service identifier
or descriptor. The NGEF may be configured with local mappings that enable it
to determine which slice, based on the ESID, a request is for.

[0095] A request received 1004 from an AS may be applicable to more
than one (including all) slices and the request from the AS may provide a list
of ESIDs or an ESID may be omitted altogether. Alternatively, the request
may include a target ESID to “all”. Thus, a request that is received 1004 at
the NGEF may be applicable to more than on NSID. The request may also
include additional parameters which may need to be reviewed 1006.

[0096] One parameter may include a list of device IDs for which the
request is sent, from the AS. Thus, the NGEF may determine 1008 which
slice(s), for example, the NSID that may serve the identified WTRUs. The
NGEF may use a local mapping to make such a determination.

[0097] It should be noted that the mappings proposed above may also

use other parameters such as an application ID. For example, the AS may
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provide an {ESID, application ID, Device ID} and the NGEF may use its
mapping information to retrieve a NSID or WTRU ID, or {NSID, WTRU ID}
based on the received information and local mapping.

[0098] The NGEF may contact a database function and provide the
received information for which the request is submitted, for example, {ESID,
application ID, Device ID}. The database function e.g. an HSS, may provide
the NSID and/or a list of WTRU ID.

[0099] It should be noted that an NSID may refer to any of the
following: an address of the control plane (CP) function that is responsible to
provide the service that is requested; the address of the CP function may be
the address of the node that hosts a shared CP function, or a node that hosts a
non-shared CP function; the CP function may be any network function (NF) or
any node that hosts one or more network functions (NFs); an address of a user
plane (UP) function that is responsible to provide the service that is requested.
[0100] To expose the services, the NGEF may directly contact 1010 the
CP or UP functions that may assist in the exposure of a service. For example,
if the service to be exposed is detection of WTRU reachability, then a CP node
or NF, which the WTRU contacts e.g. when transitioning from idle to
connected mode, may send a report to the service exposure entity that in turn
may send this indication to the AS. The NGEF may be the only exposure
entity in the network that receives the requests from the AS, performs
authorization, and contacts the necessary CP of NFs in the network or slice so
that the service may be exposed accordingly.

[0101] Alternatively, the NGEF may only perform a subset of the
functions required for exposing services and may delegate the rest 1012 to the
EXP FXNs as a form of hierarchical service exposure. For example, the NGEF
may only perform authorization of a request from an AS, determine the NSID
as 1n element 1008, and contact the EXP FXN associated with that NSID. The
NGEF may also forward a list of WTRU IDs for which the request is needed,
and the address of the AS that submitted the request. The EXP FXN may in
turn contact the appropriate CP nodes or NFs in the network and send the

WTRU ID for which a particular service may be exposed. When the EXP FXN
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receives a report or notification, the EXP FXN may directly contact the AS
using the address provided by the NGEF. The EXP FXN may then send a
response, which is received 1014 by the NGEF.

[0102] There may be some events, for example a WTRU is reachable for
mobile terminated (MT) data, that may be reported when a WTRU makes
contact with any slice with which it is registered or allowed to obtain services.
However, the WTRU/user, or the network, or both, may have preferences such
that events on one slice may not be reported to other slices.

[0103] For example, a WTRU may have two sessions with one or more
ASs, however, the WTRU sessions or services may be different in nature. As
such, these services or sessions may be running on different network slices. An
AS hosting a particular service or session, may request a notification when the
WTRU is available for that service or session, which is running on a slice
NSID 1. If the WTRU is then reachable on slice NSID 2, then, although the
WTRU may be reachable by NSID 1, the policies of the network may be such
that events and/or reports across slices may remain isolated and not
exchanged across NSID 1 and NSID 2. Alternatively, the WTRU/user, or
network, or both WTRU/user and network may not have such restrictions.
Therefore, either the HSS, the NGEF and/or the EXP FXN may verify the
policy with respect to inter-slice event reporting. If no restriction is available,
the database and/or the NGEF may submit a “reachability notification”
request on all the slices that the WTRU is accessing. It should be noted that
such restrictions may be in place on a per WTRU basis, and/or per application
or per service type basis.

[0104] Embodiments for network slice creation and modification by 3rd
Party service providers are described herein. A network operator may expose a
service which may give the AS or 3vd party service providers, hereafter
referred to as an AS, the ability to dynamically request the creation of at least
one network slice with certain characteristics. To do so, the AS may use an
exposure function like the disclosed NGEF.

[0105] When sending a request to the NGEF to create a slice, the AS

may include the following parameters in the request, which are in general
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referred to as the network slice characteristics or service characteristics
including a type of service that the slice will run, for example services for
machine communication, critical communication, or the like. Another service
characteristics includes an identifier of the network slice for, example, an
ESID.

[0106] FIG. 11 illustrates characteristics 1100 of an exemplary network
slice. Characteristics 1100 may include, but are not limited to, the following:
the type of services/connections 1102 and 1104 that may be desired to be
provided by the slice, for example, IP services, non-IP transfer service and if
applicable the exact type of non-IP data, whether or not data may be sent over
the control plane; QoS requirements of the network slice 1106, which may
include the QoS parameters and the values required for the operation of the
slice e.g. latency requirements, priority of data transfer, etc.; and security
requirements 1108 for example, whether encryption and integrity protection
may be required for CP, UP or both, and whether specific security parameters
are to be used for certain applications.

[0107] Another characteristic of a network slice may include an
indication or determination of whether or not a separate exposure function is
required for the slice 1110. It should be noted that this exposure function may
be specific to the created slice so that the ASs may contact this local exposure
function, for example, the NGEF that is specific to this slice, to have a service
exposed. However, to request the modification of the slice itself, the AS may
either contact the local NGEF or the main NGEF of the network which was
initially contacted to create this slice in the first place. Hereinafter, the NGEF
that is specific to the slice that is created as per request from the AS is
referred to as a Local NGEF (LNGEF).

[0108] Other characteristics may include a list of (external) device
identities 1112 that may be allowed to use a particular slice, including the
information that the WTRU should provide to the RAN for selection of this
slice; whether or not the slice may be modified 1114, e.g. resource increases,
other functions deployed, etc; a time for which the slice is to be used and after

it may be released 1116; or other specific parameters for the operation of a
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network, which may include, but are not limited to a periodic registration
timer for a WTRU 1116; required mobility levels that should be supported e.g.
stationary, low, high mobility, etc.; and support for inter-RAT HO, intra-RAT
HO, and HO to/from non-3GPP access; and one or more types of power saving
modes that may be used 1118. A power savings type may be choosen from
either extended discontinuous reception (eDRX), Power Saving Mode (PSM) or
both. This may also include the parameters that may be relevant for the
operation of a particular power saving mode e.g. the active time for PSM, or
the discontinuous reception (DRX) timer for eDRX, etc.

[0109] Other parameters may include a list of application IDs and/or AS
IDs 1120 that may be allowed to contact the NGEF that are specific to a
particular slice; the type of services that should be exposed by this slice, for
example, the list of monitoring events, the list of group messaging services, for
example, MBMS, SMS, etc; the layers and solutions for congestion control, for
example, support for access barring, support or no support for backoff
mechanisms and the layers (e.g. radio vs higher layer) where this 1is
supported; the type of transport that is supported in the CN e.g. GTP or other
tunnels; support for SDN or not and the type of routing protocols to use in
general; the type of RAT that may be associated with the slice e.g. E-UTRAN,
new 5G RAT, WiFi, etc. Also, whether or not other technologies including fixed
access may be used.

[0110] If support for IMS is needed, then the type of IMS services to run
on the network, for example, IMS voice, instant message, or the like may
present a characteristic for indication.

[0111] It should be noted that when the AS provides a list of
characteristics that the network slice should have, the AS may indicate a
priority level for some of the characteristics. For example, the AS may request
a creation of a slice such that the service requirements indicate that very
small delays and a particular QoS are required. However, one of these service
requirements, in this example, may state that the service requirements are
“very small delays” and a “particular QoS” has a higher priority over the

other. Thus, if the network cannot provide all of the service requirements then
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it may choose the service requirements with the higher priority. That is,
amongst a set of indicated service requirements or characteristics, the
network may prioritize certain requirements, for example, based on local
policies per application ID or AS ID, etc., and may create the slice with the
chosen characteristics.

[0112] When the NGEF receives a request to establish a network slice,
the NGEF may use local information to authorize the request per AS ID,
application ID or the like, or it may contact a database for authorization and
the NGEF should provide the characteristics of the required slice either
including the detailed description or a slice blue print. The database may
authorize the request and provide an address of the NF that is responsible to
process the request.

[0113] The NGEF may receive a message from a database, indicating a
response to create a slice (with a certain characteristic) and may also receive
the address of the NF that should be contacted. The NGEF should then
contact the NF as indicated from a database or from local information. The
NGEF may send a request to the NF for the creation of a network slice.

[0114] It should be noted that as used herein, the term “creation” may
be used as an example of an action to take, however, it may also be mean
modification, e.g. an expansion or reduction in any resource or function that is
physical or virtual, or a termination/release of a network slice, or network
slice resources and/or functions.

[0115] The NGEF may provide a final list of characteristics and/or a
slice blue print as determined previously.

[0116] A NF may receive a request to create a slice using a set of
characteristics or a slice blueprint. Hereinafter the term “blueprint” may refer
to a blueprint with a set of well-known characteristics or a list of
characteristics. The NF may use local policies to determine the final blueprint
which is used to create the slice. The NF may create the slice and may respond
to the NGEF. The NF may indicate, for example, in the response message, the
status of the creation request, and if accepted the NF may indicate the

blueprint according to which the slice is created.
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[0117] The NGEF may receive an indication or a message, for example
from an NF, with an indication about the status of a request to create a
network slice. The NGEF may also receive the blueprint according to which
the slice was created. The NGEF may acknowledge the indication, for example
by sending an acknowledgement message to an NF. The NGEF may then send
a message to the AS to indicate the status of the request for a network slice
creation and the characteristics with which it was created.

[0118] When a slice 1s created with a LNGEF, the LNGEF may take any
of the actions that have been disclosed for the NGEF above. The NF may
create an LNGEF with the characteristics or a blueprint. For example, only a
certain list of WTRUs may access the slice.

[0119] It should be noted that the AS may be allowed and may have the
means to change any of the characteristics and/or WTRUs that access the slice
by either communicating with the NGEF or the LNGEF.

[0120] The LNGEF may perform local authorization for the requests
that come from the well-known application ID or AS ID, as part of the
requested characteristics that the AS may provide to the NGEF, using the
characteristic information it received from an NGEF.

[0121] The AS or a set of ASs (or application IDs) may contact the
LNGEF to get the requested service as per the characteristics of the requested
slice defined earlier exposed. However, to modify the characteristics of the
slice itself, the AS may contact the NGEF and may provide the updates
characteristics. The NGEF may take again the actions described above to
modify the slice.

[0122] The (L)NGEF may be notified about a slice being out of
operation. The (L)NGEF may contact the AS to indicate that the slice itself is
not operating and may indicate a time after which operation may be resumed.
[0123] An overall procedure 1200 is shown in FIGs. 12A and 12B, which
may be used in or in combination with any of the embodiments described
herein. The NGEF 1208 or LNGEF 1204 may also delegate the slice creation
request to the network slice manager or orchestrator. The NGEF 1208 may

translate aforementioned information in the request to a network slice
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blueprint which may be used by the network slice manager or orchestrator to
create a proper slice. The (L)NGEF may be pre-configured with a set of
network slice templates or blueprints, with each template/blueprint catering
to a specific potential service requirement. For example, there may be a slice
blueprint for ultra-low latency services configured in the NGEF. When the
NGEF receives a slice creation request from the 3rd party application
indicating ultra-low frequency requirements, the NGEF may select that slice
blueprint. After a slice blueprint is selected, it may pass the blueprint to the
network service manager or orchestrator for the instantiation of the new
network slice. The mapping between the application requirements and
available slice blueprints may not be exact. If no appropriate network slice
blueprint can be located for the application request, the NGEF may reject the
application request. Alternatively or in combination, the NGEF may propose
to use a blueprint which may compromise some of the application’s
requirements or may be the closest or most similar to what is been requested
(as per network operator policies).

[0124] The overall procedure for modifying a network slice by an AS
1210 is described herein. One or more embodiments may include the following
procedure. The AS 1210 may send a request 1212, to the NGEF 1208, for
modification (i.e., creation, modification e.g. add new FN, add resources, etc.,
or release) of a network slice. The AS may indicate the required service
characteristics of the slice. The AS 1210 may also provide other information
including but not limited to:

[0125] (1) The list of WTRU (external and/or internal) identities that are
allowed to access the network. The AS may also provide a parameter that will
be used by the WTRUs to reference this network slice. For example, the
parameter may be the “WTRU Usage Type”, or “Dedicated Core Network
Type”, etc., which may be used by the RAN to select this network slice.

[0126] (2) The service type(s) that will run on this network slice and the
corresponding ESID(s).
[0127] The NGEF may authorize the request 1214 and may verify if the

parameters (any of those proposed above) are allowed for this request and, for
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example, for this AS and/or WTRUs. An ACK 1216 may be sent back to AS
with an indication of a success of failure of authorization request 1214.

[0128] The NGEF may send the request 1218 to a database 1206, e.g. an
HSS. The NGEF may further request authorization for the particular
characteristics that is received.

[0129] The database node 1206 may authorize the request 1220 and
may, for example, determine that different network slice characteristics or
blueprint is allowed for the AS. The database may also determine the list of
WTRUs that are allowed to access this slice and also the parameters that
these WTRUs may provide to the RAN for selecting a slice. The database may
also determine the address of the NF or CP or NSID to which this request
should be sent.

[0130] The database may respond 1222 to the NGEF 1208 and may
provide any of the parameters that have been determined in the previous step
as described in the paragraph above.

[0131] The NGEF may determine the address of the NF or CP or NSID
to which this request may be sent. The NGEF may also determine different
network slice characteristics or it may set the characteristics to those received
from the database. The NGEF may determine the characteristics based on the
priority associated with the specific parameters in the characteristics.
Alternatively, or in combination, a database node may determine the
characteristics. As explained earlier, the QoS requirement for the slice may
have more importance than handover support, etc.

[0132] The NGEF 1210 may send a request 1224 to modify a network
slice. The NGEF 1210 may include in the request 1224 characteristics of the
slice, for example, the ESID, a list of WTRUs, etc. The request 1224 to modify
a network slice may be sent to EXP FXN 1 1204 and may be forwarded to the
CP in NS1 1202.

[0133] The NF or CP node 1202 may modify, for example create, the
slice accordingly 1226. The node may provide to the RAN the parameter value
that is used for selection of this slice e.g. the DCN Type, “WTRU Usage Type”
or other parameter that is received (optionally from the NGEF) and that may
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be provided by the WTRU to the RAN for the purpose of slice selection. This
node may modify the slice according to local policies such that the
characteristics may be different from the required received characteristics. A
LNGEF 1228 may also be created for this slice if requested and if permitted by
the local policies.

[0134] The NF or CP 1202 may respond 1230 to the NGEF 1208 and
may indicate the result of the request. The NF or CP may also indicate the
characteristics associated with the modified network slice. The NF or CP may
also indicate the address of the LNGEF that is associated with this slice.
[0135] The NGEF 1208 may save 1232 the context for this slice, for
example, the ESID, NSID, slice characteristics, WTRU IDs that are allowed
on this slice, or the like.

[0136] The NGEF may send a network slice modification response 1234
to the AS 1210 and may indicate the result of the request. The NGEF may
also indicate the characteristics with which the slice is created and the
address of the LNGEF. The NGEF may also indicate whether or not the AS
should contact the NGEF or the LNGEF for particular services. For example,
the NGEF may indicate that the AS should contact the LNGEF for service
exposure. The NGEF may list the services that are allowed to be exposed by
this LNGEF. The NGEF may also indicate if the NGEF should be used by the
AS for exposure of certain services. The NGEF may also indicate if the AS
may contact the NGEF for other modification requests related to this network
slice, for example, per ESID.

[0137] The AS 1210 may contact the LNGEF 1228 to request a service
exposure 1236 for a list of allowed services, for example, as indicated by the
NGEF.

[0138] The LNGEF 1228 may submit a request for service exposure. It
should be noted that the interaction between the AS 1210 and the LNGEF
1228 may be the same like the interaction between the AS 1210 and the
NGEF 1208 as is described herein. An ACK 1238 may be sent from LNGEF
1228 to AS 1210.
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[0139] The AS 1210 may contact the NGEF 1228 for other modifications
1240 of the identified network slice.
[0140] The NGEF 1208 may take any of the actions previously described

above, for example, for authorization. The NGEF 1208 may send the request
1242 to the LNGEF 1228 to modify the network slice

[0141] Although not shown in FIGs. 12A or 12B, the NGEF may also
send this request to the CP or NF that is responsible for modifying the
network slice, for example, to the same CP or NF that processed the previous
modification request. The NGEF may save the address of the CP or NF or
NSID that previously processed the initial request. The same actions that may
be taken by the CP or NF function when the previous request was received
may also be taken again by this node.

[0142] The LNGEF may receive the request 1242 to modify a network
slice. The LNGEF may contact a database, not shown, to get the address of the
CP or NF that may process this request. The LNGEF may also be configured
with the address of the CP or NF node that may process this request. The
LNGEF may send the modification request to the determined node.

[0143] The NF or CP may respond 1244 with the result after the
modification request is processed. The LNGEF may respond to the NGEF
about the result of the request.

[0144] The NGEF 1208 may respond to the AS 1210 and may provide
the results of the modification request and may include any of the
characteristics that have been modified and includes the new values related to
these parameters.

[0145] Embodiments for exposing existing services in a 5G system are
described herein. Embodiments are described with reference to exposing
monitoring events as primary services, however the embodiments disclosed
may also apply to other services.

[0146] Service exposure via an NGEF and/or EXP FXN is described
herein. To expose a service, for example, a monitoring service, the procedure
may involve a configuration or submission of a request, followed by a

notification e.g. reporting, when certain conditions are met.
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[0147] FIG. 13 shows a configuration or submission of a request 1300,
which may be used in or in combination with any of the embodiments
described herein. The following is a description of the example procedure of
FIG. 13. An AS 1302 may contact an NGEF 1304 and may request 1316 a
service exposure, for example, monitoring an event, and may include at least
one ESID, a list of device IDs (optionally per ESID), application ID (optionally
per ESID), service type/ID, amongst other parameters that may also be
included.

[0148] The NGEF 1304 may authorize 1318 the request using local
authorization information and policies. It may verify 1320 whether the AS is
allowed to submit this request, for example for the identified devices, for the
identified ESID, etc. The NGEF may be configured with policies that indicate
if an event, for example for a particular AS or service type or ESID, may be
configured in one network slice only or it may be configured in multiple slices.
For example, the policies may indicate that a WTRU’s reachability
notifications for a particular AS may be obtained from, and hence may be
configured in, more than one slice in which the WTRU is accessing. An
acknowledgement response 1322 may be sent by NGEF 1304 to AS 1302.
[0149] The NGEF 1304 may contact a database, e.g. an HSS 1306, and
may provide a list of device ID (these may be external device IDs), AS ID,
ESID, service ID/type, etc 1324. The NGEF may also indicate the NSID if
available, e.g. from a mapping function.

[0150] The database 1306 may verify 1326 if the request may be
allowed, for example for the identified devices, for the identified ESID, etc.
The database may perform a mapping from external device ID to internal
WTRU ID. The database may determine the list NSID that may be affected
by, for example, need to be contacted by, the request and hence may determine
the addresses corresponding to each NSID. It should be noted that the address
may be that of a CP function or at least one NF. The database may be
configured with policies that indicate if an event, for example, for a particular
AS or service type or ESID, may be configured in one network slice only or it

may configured in multiple slices. For example, the policies may indicate that
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a WTRU'’s reachability notifications for a particular AS may be obtained from,
and hence may be configured in, more than one slice in which the WTRU is
accessing. The database may also be configured with policies related to
whether or not the request should be submitted directly to the CP or NF's or to
an EXP FXN.

[0151] The database, e.g. HSS 1306, may respond 1328 to the NGEF
1304 and may provide a list of NSID, a list of WTRU ID for example per
NSID, an indicator of whether or not an service (e.g. a monitoring event) may
be obtained from only one NSID, or from more. The database also may provide
a list of NSID addresses. The database, e.g. HSS, may also indicate for which
event or NSID or a list of WTRUs, etc., that the NGEF may need to submit the
request 1330 to an EXP FXN 1308, or alternatively to a CP or NF directly. If
an EXP FXN 1308 is used, the addresses for the EXP FXNs may also be
included. Alternatively, NGEF 1304 may submit a request 1340 to EXP FXN
2 1310, which may then forward the request 1342 to CP/NF in NS2 1314.
[0152] The NGEF 1304 may use the received addresses, for example,
from the database, or the addresses determined wusing local
policies/information, of the NSID or CP or NFs that need to be contacted for
the request. The NGEF 1304 may also determine to contact an EXP FXN if
the local policies indicate so or if an EXP FXN address is received from the
database. The NGEF 1304 may contact at least one EXP FXN or CP node,
which may also be a node hosting a NF, and may indicate the list of WTRU
IDs, AS ID, service ID/type, AS address. The NGEF may also provide to the
EXP FXN a mapping between a NSDI to ESID. If the EXP FXN receives a
request for service exposure, the EXP FXN may take all of the actions above
and contact 1332 at least one CP node or NFs 1312. EXP FXN 1 1308 may
store a mapping between an internal WTRU ID and an external device ID,
and the address of an AS to which a message, for example a notification
report, should be sent for a service exposure. The EXP FXN may have (locally
or received from another node e.g. NGEF or a database) a mapping from. It
should be noted that the NGEF may perform the action above towards more
than one CP/NF node and/or EXP FXN node. For example, the NGEF 1304
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may contact EXP FXN 1 1308 and EXP FXN 2 1310, and/or CP/NF 1 1312
and/or CP/NF 2 1314.

[0153] The CP node 1312 may receive the request and may save the
parameters needed for this service 1334, e.g. the AS ID and/or address, the
actual service to provide, for example, monitoring WTRU reachability, etc.
CP node 1314 may perform the same function 1344 and respond 1346 to EXP
FXN 2 1310. EXP FXN 2 1310 may forward response 1348 toward NGEF
1304.

[0154] The CP node may acknowledge the request 1336 towards the
EXP FXN 1308 and/or the NGEF 1304. The EXP FXN 1308 may acknowledge
the request 1338 towards the NGEF 1304.

[0155] FIG. 14 illustrates reporting a notification for exposure of a
service 1400, which may be used in or in combination with any of the
embodiments described herein. In an embodiment, sending a notification, for
example, to expose a monitoring event or service, from the network to the AS
is described herein. The embodiment is explained with one CP/NF as an
example, but it may apply to all other CP/NF nodes in the system.

[0156] A CP/NF node 1404 may detect a condition or event 1416 for
which a reporting is needed. The node may send a notification report 1418 to
the entity that may be notified, e.g. the EXP FXN 1408 or the NGEF 1412,
using the address that is stored locally. The notification may include a list of
WTRU IDs, App ID, NSID, etc.

[0157] The EXP FXN may receive a report 1418 from a CP/NF node
1404. The EXP FXN may use local information to send the report 1420 to a
next node 1412. The next node may be an AS 1414 or an NGEF 1412. The EXP
FXN may perform a mapping 1422 from an internal WTRU ID to an external
device ID and also from NSID to ESID, etc. The EXP FXN may use local
configuration to determine which node to send the notification report message
1424 to. This may be per request (as indicated in the previously received
configuration) or per App ID, or ESID, etc. The EXP FXN may send the

notification to the determined node using the determined address.
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[0158] The NGEF may receive a notification message about a service
that should be exposed to an AS. For example, the notification may be about
the WTRU reachability i.e. to notify the AS that the WTRU has made contact
or has established a connection with one of the CP or NF's in the network. The
NGEF may map the NSID from which this notification is received to an ESID.
The NGEF may also map the internal WTRU ID to an external device ID. The
NGEF may send a notification report message to the AS.

[0159] The NGEF may verify if another related exposure service request
was submitted towards another CP or NF in another slice. The NGEF may
contain a mapping between a request and the target NSID (and for example,
other parameters such as {NSID, WTRU ID, service ID/type, etc.}). The NGEF
may determine that the same configuration or request was submitted to
another network slice and that it is no longer needed as only one report is
required. Based on this determination, the NGEF may send a request to the
target NSID (that is not the entity from which the given notification report
has been received) to cancel the service or event reporting. It should be noted
that the target node to which this cancellation request 1426 is sent may be an
EXP FXN 1406. The action 1428 may also be performed by an EXP FXN
towards a CP or NF 1402. This embodiment above may also be performed by a
database node, e.g. HSS 1410. Upon receiving a cancellation request 1428, a
CP or NF 1402 may delete the request 1430. The CP or NF 1402 may send a
cancelation acknowledgement 1432 to EXP FXN 2 1406. EXP FXN 2 1406
may forward cancelation acknowledgement 1434 to NGEF 1412.

[0160] Although the disclosed are mainly detailed with reference to an
NGEF or EXP FXN, with regard to determining whether or not a report is
needed from a CP or NF, a database node may also take any of the actions
above, for example, the embodiments disclosed may be applicable to a
database node as well.

[0161] Also, the proposals above may apply to any shared CP function.
For example, in the case when a shared CP function exists and there are

independent slices that share the CP function, the proposals above for an EXP
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FXN may be applicable to the shared CP function. In other words, the shared
CP function may take the role of the EXP FXN described above.

[0162] Service exposure for existing monitoring events is described
herein. The next sections describe how to expose specific services in a 5G
system using the previous architecture and overall solutions presented thus
far.

[0163] FIG. 15 is a flowchart which illustrates an exemplary method for
exposing a number of WTRUs in an area 1500. The current EPS system may
expose a service, specifically the “number of WTRUs in an area” 1502, which
may help an AS to determine how many WTRUs are registered in an area. As
the concept of slicing may allow multiple network slices to be available in an
area, a request from an AS for such service exposure may lead to inaccurate
responses from the network if the AS is targeting a particular set of WTRUs
or WTRUs that use a specific service type. For example, an AS that provides
health related services to smartphone users may not be interested to know
about the number of WTRUs that run machine-type communications or
applications, for example, water meters. As such, the may AS provide a list of
service types when requesting any service to be exposed, especially when
requesting the number of WIRUs in an area. The service type may be an
ESID as disclosed.

[0164] When an NGEF receives a request to expose a service 1504,
where the request contains a service type or a list of service types or ESID for
which this request is valid, the NGEF may use a local mapping function 1506
or table to determine network slices that should be contacted for this request.
The determination may also be done based on the application ID or the AS ID.
Alternatively, the NGEF may verify with a database 1508 to determine the set
of network slices to which this request should be sent. The embodiments
disclosed above regarding how the service exposure request is submitted and
reported back by the NGEF may apply here as well.

[0165] After the NGEF contacts at least one network slice 1510, the
NGEF may wait until all responses are received from the network slices 1512,

EXP FXNs, CP or NFs, the NGEF may consolidate the responses and may
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send a report 1514 to the AS with the consolidated response and an ESID as
have been disclosed above.

[0166] Exposing the one time WTRU location is described herein. The
NGEF may receive a request to report a WITRU location. The WTRU may be
connected to multiple slices as have been described above. The NGEF use local
information, for example, based on a mapping from an ESID to NSID, or AS
ID/application ID to NSID, etc., to determine which network node (EXP FXN,
CP or NF) should report this. The NGEF may also have rules with respect to
which of the network slices it has to contact for a one time WTRU location
when the WTRU does have access to multiple slices simultaneously. Some
exemplary rules are disclosed herein.

[0167] The NGEF may contact a database to determine which slice to
send the request to. The NGEF may use a mapping as have been described
above. The mapping may have a priority rule associated with it where: a slice
identity or a network slice may have a higher priority over others for
particular services, and/or application ID; a slice may not be allowed for
exposing a service as have been described in the previous section; and the
determination of the slice is based on any of the ESID, application ID, AS ID,
and device external ID.

[0168] If the NGEF contacts a network slice which does not report the
WTRU location, for example, because the WTRU is in idle mode, the NGEF
may have rules and/or policies to contact the next slice where the WTRU also
has registered with or received a service from. The next network slice to try
may be any slice where the WTRU is also known to have registered with or
have received a service from. Alternatively, the NGEF may request this
information from a database e.g. an HSS, which may provide a list of network
slice IDs for a particular service exposure, and the database may also provide
an indication of whether the service may be obtained from more than one slice,
and if yes the slice ID and, for example, the priority with which to contact that
slice.

[0169] A method for exposing a one time last known WTRU location is

described herein. The current EPS system may expose a service, specifically
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the “One-time last known location of WTRU”. The current EPS may supports
registration with only one network, ie. there is no support for WTRUs
accessing multiple slices. When the WTRU is accessing multiple slices, it may
be necessary to consider how such service will be exposed. To do so, the
following embodiments are disclosed:

[0170] The NGEF may take any of the actions disclosed herein, for
example, the NGEF may verify whether this service may be obtained from
more than one network slice, and furthermore the NSID from where this
service may be obtained.

[0171] The NF or CP that contains this information may also save a
time-stamp for the WTRU location, i.e. the time associated with the identified
or retrieved WTRU location. The NF and/or CP node that may provide this
service report to the NGEF (or any EXP FXN or any other CP node) may also
provide this timestamp.

[0172] The NGEF may receive multiple reports for “One-time last
known location of WTRU” per network slice. If received, the NGEF may take
the following actions depending on the policies of the network that may be
locally saved in the NGEF or retrieved by the NGEF from a database, for
example, an HSS:

[0173] (1) The NGEF may collect the responses from different network
slices and may verify which response has the latest timestamp associated with
a location of the WTRU. The NGEF may send the associated location along
with the latest timestamp to the AS. The NGEF may also send the ESID that
maps to the network slice from which this is obtained.

[0174] (2) The NGEF may have policies to send more than one location
of the WTRU as one or more information reports, and the NGEF may include
the associated ESID for each of the location information reports, which may
indicate the service type and implicitly the NSID of the network from which
this information is received.

[0175] (3) For all of the above, the NGEF may send a location report
without including the ESID that maps to an NSID.
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[0176] A continuous WTRU location may be exposed. The current EPS
system may expose a service, specifically the “Continuous reporting of
Location” for a particular WTRU. Again, the WTRU may be accessing
different slices at the same time. As such, the NGEF may need to determine
which network slice should be contacted for exposing this service. The NGEF
may take any of the following actions to report such information or provide
such service: the NGEF may take any of the actions that have been discloed;
the NGEF may choose a network slice based on the load or the number of such
(or other) requests that have been sent to the different network slices and
thus, the NGEF may try to maintain a balanced number of requests across all
the slices; the granularity or the type of location information that is required
to be reported may be different across the network slices. The AS may indicate
a preference for the location service, e.g. at a cell level, geographical
coordinate level, etc. As such, the NGEF may choose, based on local
information, the network slice that best matches the request of the AS.

[0177] A method for exposing the WTRU connection properties is
described herein. The current EPS system may expose a service, specifically
the “WTRU connection properties”. The connection properties may be
dependent on RAT conditions or other core network conditions, e.g. load on the
UP components. The CN conditions may also be different from one network
slice to the other. Furthermore, the radio access networks or technologies that
may be used to access more than one slice may be different. For example, the
WTRU may use E-UTRAN to access one slice, and a new 5G RAT and WiFi to
access another network slice. The NGEF may take any of the following actions
to expose such a service:

[0178] The NGEF may take any of the actions that have been described
above, for example, to determine which network slice may be contacted to
expose such a service, for example, based on a mapping from ESID to NSID, or
a lack of such a mapping.

[0179] The NGEF may receive reports from more than one network slice
where the report may indicate the connection properties of the WTRU. The

connection properties may contain a RAT type, and overall description of the
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connection or quality of the connection (either on the RAN or CN side). The
NGEF may consolidate the reports from all the network slices and may send a
single report containing any of the following: a connection description per slice
or ESID or service type; a connection description that reflects the best
connection properties from all the network slices; a connection property that is
an average of all the connection properties; and a connection property that
reflects the worst connection that the WTRU is receiving.

[0180] Although features and elements are described above in particular
combinations, one of ordinary skill in the art will appreciate that each feature
or element can be used alone or in any combination with the other features
and elements. In addition, the methods described herein may be implemented
in a computer program, software, or firmware incorporated in a computer-
readable medium for execution by a computer or processor. Examples of
computer-readable media include electronic signals (transmitted over wired or
wireless connections) and computer-readable storage media. Examples of
computer-readable storage media include, but are not limited to, a read only
memory (ROM), a random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as internal hard disks
and removable disks, magneto-optical media, and optical media such as CD-
ROM disks, and digital versatile disks (DVDs). A processor in association
with software may be used to implement a radio frequency transceiver for use

in a WTRU, UE, terminal, base station, RNC, or any host computer.

* * *

41-



WO 2017/173259 PCT/US2017/025359

CLAIMS
What is claimed 1is:

1. A method performed by a main next generation (NG) exposure
function (EF) (NGEF), the method comprising:

receiving a request, from an application server (AS), to create or modify
a network slice, wherein the request includes one or more first parameters
including: an application (App) identifier (ID) (App ID), an external service ID,
an indication of a service type, or at least one target wireless transmit /
receive unit (WTRU);

determining, based on the first parameters of the received request, a
target network slice for creation or modification;

forwarding, through a local NGEF, the request to a control plane
network function (CP NF), wherein the local NGEF is specific to the created or
modified target network slice;

receiving, through the local NGEF, a response from the CP NF, wherein
the response includes second network slice parameters of the created or
modified target network slice; and

sending a response message to the application server, wherein the
response message includes a result of the received request and the second

network slice parameters.

2. The method of claim 1, wherein the determination of the target
network slice is based on mapping the external service ID to a target network

slice ID.

3. The method of claim 1, further comprising:

sending a verification request to a database for verifying if the request
received from the application server is to be allowed, for the at least one target

WTRU.

4. The method of claim 1, further comprising:
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sending a verification request to a database for verifying if the request
received from the application server is to be allowed, for the external service

ID.

5. The method of claim 1, wherein the local NGEF is one of a
hierarchy of local NGEFs.

6. The method of claim 1, further comprising:
receiving a verification response from a database, wherein the
verification response includes slice characteristics identifying one or more of a

quality of service (QoS) requirement or a handover support requirement.

7. The method of claim 1, wherein the request from the application

server is a cancelation request for deleting the network slice.

8. A main next generation (NG) exposure function (EF) (NGEF),
comprising:

a receiver configured to receive a request, from an application server
(AS), to create or modify a network slice, wherein the request includes one or
more first parameters including: an application (App) identifier (ID) (App ID),
an external service ID, an indication of a service type or at least one target
wireless transmit / receive unit (WTRU);

circuitry configured to determine a target network slice based on the
first parameters of the received request;

a transmitter configured to forward, through a local NGEF, the request
to a control plane network function (CP NF), wherein the local NGEF is
specific to the created or modified network slice;

the receiver further configured to receive, through the local NGEF, a
response from the CP NF, wherein the response includes second network slice
parameters of the created or modified network slice; and

the transmitter further configured to transmit a response message to
the AS, wherein the response message includes a result of the received

request and the second network slice parameters.
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9. The main NGEF of claim 8, wherein the determination of the
target network slice is based on mapping the external service ID to a target

network slice ID.

10. The main NGEF of claim 8, further comprising the transmitter
configured to transmit a verification request to a database for verifying if the
request received from the application is to be allowed, for the at least one

target WTRU.

11. The main NGEF of claim 8, further comprising the transmitter
configured to transmit a verification request to a database for verifying if the

request received from the application is to be allowed, for the external service

ID.

12. The main NGEF of claim 8, wherein the local NGEF is one of a
hierarchy of local NGEFs.

13. The main NGEF of claim 8, further comprising the receiver is
further configured to receive a verification response from a database, wherein
the verification response includes slice characteristics identifying one or more

of a quality of service (QoS) requirement and a handover support requirement.

14. The main NGEF of claim 8, wherein the request from the

application server is a cancelation request for deleting the network slice.

15. A method performed by a control plane network function (CP
NF), the method comprising:

receiving, from an application server (AS) via a local exposure function
(EF), a request to create or modify a network slice, wherein the request
includes one or more first parameters including: an application (App)

identifier (ID) (App ID), an external service ID, an indication of a service type
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and at least one target wireless transmit / receive unit (WTRU), wherein the
local NGEF is specific to the created or modified network slice; and

sending, via the local NGEF to the application server, a response
including a result of the received request and second parameters of the

created or modified network slice.

16. The method of claim 15, wherein the local NJEF is one of a
hierarchy of local NGEFs.

17.  The method of claim 15, wherein the parameters of the created or

modified network slice are stored locally on the CP NF.

18.  The method of claim 15, further comprising:
detecting, by the CP NF, a condition for which reporting is needed; and
sending a notification report to an entity to be notified using a locally

stored address.

19. The method of claim 18, wherein the condition for which

reporting is needed corresponds to a location change of a WTRU.

20. The method of claim 18, wherein the notification report is

consolidated.
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