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(54) ROAMING SUPPORT FOR NEXT GENERATION SLICE ARCHITECTURE

(57) The present disclosure relates to a pre-5th-Gen-
eration (5G) or 5G communication system to be provided
for supporting higher data rates Beyond 4th-Generation
(4G) communication system such as Long Term Evolu-
tion (LTE). A core network includes a home network and
a visiting network. The home network includes a first slice
selector module configured to select a first slice and a
first network function selection module configured to se-
lect a network function within the first slice. The visiting
network includes a second slice selector module config-
ured to communicate with the first slice selector and se-
lect a second slice, a second network function selection
module configured to select a network function within the
second slice, and a common core network function (CC-
NF) module. The CCNF module communicates with the
second slice selector module to receive an identity of the
first slice and an identity of the second slice, assign a
temporary identifier, and transmit the temporary identifier
to a user equipment.



EP 3 780 679 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present disclosure is directed to a roaming
architecture for wireless networks. Specifically, the
present disclosure is directed to a roaming architecture
where a slice selector resides in all networks.

Background Art

[0002] To meet the demand for wireless data traffic
having increased since deployment of 4G communica-
tion systems, efforts have been made to develop an im-
proved 5G or pre-5G communication system. Therefore,
the 5G or pre-5G communication system is also called a
’Beyond 4G Network’ or a ’Post LTE System’.
[0003] The 5G communication system is considered
to be implemented in higher frequency (mmWave)
bands, e.g., 28GHz or 60GHz bands, so as to accomplish
higher data rates. To decrease propagation loss of the
radio waves and increase the transmission distance, the
beamforming, massive multiple-input multiple-output
(MIMO), Full Dimensional MIMO (FD-MIMO), array an-
tenna, an analog beam forming, large scale antenna
techniques are discussed in 5G communication systems.
[0004] In addition, in 5G communication systems, de-
velopment for system network improvement is under way
based on advanced small cells, cloud Radio Access Net-
works (RANs), ultra-dense networks, device-to-device
(D2D) communication, wireless backhaul, moving net-
work, cooperative communication, Coordinated Multi-
Points (CoMP), reception-end interference cancellation
and the like.
[0005] In the 5G system, Hybrid FSK and QAM Mod-
ulation (FQAM) and sliding window superposition coding
(SWSC) as an advanced coding modulation (ACM), and
filter bank multi carrier(FBMC), non-orthogonal multiple
access(NOMA), and sparse code multiple access (SC-
MA) as an advanced access technology have been de-
veloped.
[0006] Currently, through service level agreements
(SLA), a visiting network will able to identify resources to
be assigned in a home network. Using network function
interaction capabilities, the visiting network functions will
be able to communicate with network functions in the
home network. Because network operators are not going
to open up their network resources to be assigned and/or
visualized by other networks, roaming scenarios requir-
ing assignment of resources in the home network needs
to be looked at carefully.
[0007] Once resources are assigned, an active proto-
col data unit (PDU) session is established. Existing
standards provide procedures for defining single and
multiple PDU sessions establishment using 5G architec-
ture. Procedures do not exist for the modification and
release of PDU sessions.

Disclosure of Invention

Solution to Problem

[0008] In a first embodiment, a method for operating a
core network including a common core network function
(CCNF) and a network slice selector (NSS) includes re-
ceiving an attach request from a user equipment (UE) at
the CCNF and transmitting a slice request from the CCNF
to the NSS. The method also includes allocating, by the
NSS, at least one network slice. An attach response is
transmitted to the UE based on the allocated at least one
network slice.
[0009] In a second embodiment, a server includes a
common core network function (CCNF) and a network
slice selector (NSS) coupled to the CCNF. The CCNF is
configured to receive an attach request from a user equip-
ment (UE) and transmit a slice request to the NSS. The
NSS is configured to allocate at least one network slice.
The CCNF is configured to transmit an attach response
based on the allocated at least one network slice.
[0010] In a third embodiment, a core network includes
a home network and a visiting network. The home net-
work includes a first slice selector module configured to
select a first slice and network function selection module
configured to select a network function within the select-
ed slice. The visiting network includes a second slice
selector module configured to communicate with the first
slice selector and select a second slice. A CCNF module
communicates with the second slice selector module to
receive an identity of the first slice and an identity of the
second slice and transmits a temporary identifier to a
user equipment based on the identity of the first slice and
the second slice.
[0011] Other technical features may be readily appar-
ent to one skilled in the art from the following figures,
descriptions, and claims.
[0012] Before undertaking the DETAILED DESCRIP-
TION below, it may be advantageous to set forth defini-
tions of certain words and phrases used throughout this
patent document. The term "couple" and its derivatives
refer to any direct or indirect communication between two
or more elements, whether or not those elements are in
physical contact with one another. The terms "transmit,"
"receive," and "communicate," as well as derivatives
thereof, encompass both direct and indirect communica-
tion. The terms "include" and "comprise," as well as de-
rivatives thereof, mean inclusion without limitation. The
term "or" is inclusive, meaning and/or. The phrase "as-
sociated with," as well as derivatives thereof, means to
include, be included within, interconnect with, contain,
be contained within, connect to or with, couple to or with,
be communicable with, cooperate with, interleave, juxta-
pose, be proximate to, be bound to or with, have, have
a property of, have a relationship to or with, or the like.
The term "controller" means any device, system or part
thereof that controls at least one operation. Such a con-
troller may be implemented in hardware or a combination
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of hardware and software and/or firmware. The function-
ality associated with any particular controller may be cen-
tralized or distributed, whether locally or remotely. The
phrase "at least one of," when used with a list of items,
means that different combinations of one or more of the
listed items may be used, and only one item in the list
may be needed. For example, "at least one of: A, B, and
C" includes any of the following combinations: A, B, C,
A and B, A and C, B and C, and A and B and C.
[0013] Moreover, various functions described below
can be implemented or supported by one or more com-
puter programs, each of which is formed from computer
readable program code and embodied in a computer
readable medium. The terms "application" and "program"
refer to one or more computer programs, software com-
ponents, sets of instructions, procedures, functions, ob-
jects, classes, instances, related data, or a portion there-
of adapted for implementation in a suitable computer
readable program code. The phrase "computer readable
program code" includes any type of computer code, in-
cluding source code, object code, and executable code.
The phrase "computer readable medium" includes any
type of medium capable of being accessed by a compu-
ter, such as read only memory (ROM), random access
memory (RAM), a hard disk drive, a compact disc (CD),
a digital video disc (DVD), or any other type of memory.
A "non-transitory" computer readable medium excludes
wired, wireless, optical, or other communication links that
transport transitory electrical or other signals. A non-tran-
sitory computer readable medium includes media where
data can be permanently stored and media where data
can be stored and later overwritten, such as a rewritable
optical disc or an erasable memory device.
[0014] Definitions for other certain words and phrases
are provided throughout this patent document. Those of
ordinary skill in the art should understand that in many if
not most instances, such definitions apply to prior as well
as future uses of such defined words and phrases.

Brief Description of Drawings

[0015] For a more complete understanding of this dis-
closure and its advantages, reference is now made to
the following description, taken in conjunction with the
accompanying drawings, in which:

FIGURE 1 illustrates an example wireless network
according to this disclosure;
FIGURES 2 and 3 illustrate example devices in a
wireless systems according to this disclosure;
FIGURE 4 illustrates an example roaming architec-
ture according to this disclosure;
FIGURE 5 illustrates an example attach procedure
for a home routed roaming scenario according to this
disclosure;
FIGURES 6A and 6B illustrate an example proce-
dure for a subsequent service request for the home
routed roaming scenario according to this disclo-

sure;
FIGURE 7 illustrates an example method according
to this disclosure;
FIGURE 8 illustrates an example procedure of a ses-
sion modification triggered by a session manage-
ment (SM) according to this disclosure;
FIGURE 9 illustrates an example procedure of the
session modification triggered by a UE according to
this disclosure;
FIGURE 10 illustrates an example procedure of a
release of a session triggered by an SM according
to this disclosure; and
FIGURE 11 illustrates an example procedure of a
release of a session triggered by a UE according to
this disclosure.

Best Mode for Carrying out the Invention

[0016] FIGURES 1 through 11, discussed below, and
the various embodiments used to describe the principles
of the present disclosure in this patent document are by
way of illustration only and should not be construed in
any way to limit the scope of the disclosure. Those skilled
in the art will understand that the principles of this disclo-
sure may be implemented in any suitably arranged de-
vice or system.
[0017] To meet the demand for wireless data traffic
having increased since deployment of 4G communica-
tion systems, efforts have been made to develop an im-
proved 5G or pre-5G communication system. Therefore,
the 5G or pre-5G communication system is also called a
’Beyond 4G Network’ or a ’Post LTE System’.
[0018] The 5G communication system is considered
to be implemented in higher frequency (mmWave)
bands, e.g., 60GHz bands, so as to accomplish higher
data rates. To decrease propagation loss of the radio
waves and increase the transmission distance, the
beamforming, massive multiple-input multiple-output
(MIMO), Full Dimensional MIMO (FD-MIMO), array an-
tenna, an analog beam forming, large scale antenna
techniques are discussed in 5G communication systems.
[0019] In addition, in 5G communication systems, de-
velopment for system network improvement is under way
based on advanced small cells, cloud Radio Access Net-
works (RANs), ultra-dense networks, device-to-device
(D2D) communication, wireless backhaul, moving net-
work, cooperative communication, Coordinated Multi-
Points (CoMP), reception-end interference cancellation
and the like.
[0020] In the 5G system, Hybrid FSK and QAM Mod-
ulation (FQAM) and sliding window superposition coding
(SWSC) as an advanced coding modulation (ACM), and
filter bank multi carrier(FBMC), non-orthogonal multiple
access(NOMA), and sparse code multiple access (SC-
MA) as an advanced access technology have been de-
veloped.
[0021] FIGURE 1 illustrates an example wireless sys-
tem 100 according to this disclosure. The embodiment
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of the wireless system 100 shown in FIGURE 1 is for
illustration only. Other embodiments of the wireless sys-
tem 100 could be used without departing from the scope
of this disclosure.
[0022] As shown in FIGURE 1, the system 100 in-
cludes a user equipment (UE) 102 that represents any
suitable computing or processing device that interacts
with at least one server or other computing device(s) over
a network (not shown). In this example, the UE 102 may
include a desktop computer, a mobile telephone or smart-
phone, a personal digital assistant (PDA), a laptop com-
puter, and a tablet computer. Also, depending on the net-
work type, other well-known terms may be used instead
of "user equipment" or "UE," such as "mobile station,"
"subscriber station," "remote terminal," "wireless termi-
nal," or "user device." For the sake of convenience, the
terms "user equipment" and "UE" are used in this patent
document to refer to remote wireless equipment that
wirelessly accesses an access network (AN) 104, wheth-
er the UE is a mobile device (such as a mobile telephone
or smartphone) or is normally considered a stationary
device (such as a desktop computer or vending ma-
chine).
[0023] AN 104 provides a connection between the UE
102 and a core network (CN) 106. The AN 104 may in-
clude a next generation NodeB or gNB. The CN 106 may
include different functions for setting up and Routing pro-
tocol data units or PDUs. These functions, which will be
described below, may include session management
functions, policy functions, user plane functions, a net-
work slice selector, a network function selector, a control
plane function, a subscriber data management function,
etc.
[0024] Although FIGURE 1 illustrates one example of
a wireless system 100, various changes may be made
to FIGURE 1. For example, the wireless system 100
could include any number of ANs, CNs, and UEs in any
suitable arrangement.
[0025] FIGURES 2 and 3 illustrate example devices in
a wireless system according to this disclosure. In partic-
ular, FIGURE 2 illustrates an example server 200, and
FIGURE 3 illustrates an example UE 300. The server
200 could represent the AN 104 or the CN 106 in FIGURE
1, and the UE 300 could represent the UE 102 in FIGURE
1.
[0026] As shown in FIGURE 2, the server 200 includes
a bus system 205, which supports communication be-
tween at least one processing device 210, at least one
storage device 215, at least one communications unit
220, and at least one input/output (I/O) unit 225.
[0027] The processing device 210 executes instruc-
tions that may be loaded into a memory 230. The
processing device 210 may include any suitable
number(s) and type(s) of processors or other devices in
any suitable arrangement. Example types of processing
devices 210 include microprocessors, microcontrollers,
digital signal processors, field programmable gate ar-
rays, application specific integrated circuits, and discreet

circuitry.
[0028] The memory 230 and a persistent storage 235
are examples of storage devices 215, which represent
any structure(s) capable of storing and facilitating retriev-
al of information (such as data, program code, and/or
other suitable information on a temporary or permanent
basis). The memory 230 may represent a random access
memory or any other suitable volatile or non-volatile stor-
age device(s). The persistent storage 235 may contain
one or more components or devices supporting longer-
term storage of data, such as a read only memory, hard
drive, flash memory, or optical disc.
[0029] The communications unit 220 supports commu-
nications with other systems or devices. For example,
the communications unit 220 could include a network in-
terface card or a wireless transceiver facilitating commu-
nications over a network. The communications unit 220
may support communications through any suitable phys-
ical or wireless communication link(s).
[0030] The I/O unit 225 allows for input and output of
data. For example, the I/O unit 225 may provide a con-
nection for user input through a keyboard, mouse, key-
pad, touchscreen, or other suitable input device. The I/O
unit 225 may also send output to a display, printer, or
other suitable output device.
[0031] Note that while FIGURE 2 is described as rep-
resenting the AN 104 or CN 106 of FIGURE 1, the same
or similar structure could be used in the UE 102. For
example, a laptop or desktop computer could have the
same or similar structure as that shown in FIGURE 2.
[0032] According to various embodiments, a server
comprises a common core network function (CCNF), and
a network slice selector (NSS) coupled to the CCNF. The
CCNF is configured to receive an attach request from a
user equipment (UE), transmit a slice request to the NSS.
The NSS is configured to allocate at least one network
slice, and the CCNF is configured to transmit an attach
response based on the allocated at least one network
slice.
[0033] In some embodiments, the CCNF is configured
to receive the attach request from the UE through an
access network.
[0034] In some embodiments, the CCNF is configured
to authenticate or authorize the attach request before
transmitting the slice request.
[0035] In some embodiments, wherein allocating the
at least one network slice comprises selecting a first slice
based on multi-descriptor information, transmitting a
slice request to an NSS in a home network, and receiving
an identity of a second slice corresponding to the first
slice from the NSS in the home network.
[0036] In some embodiments, wherein allocating the
at least one network slice comprises transmitting a slice
request to an NSS in a home network, and receiving an
identity of a first slice from the NSS in the home network,
and selecting a second slice corresponding to the first
slice based on a multi-descriptor information.
[0037] In some embodiments, the attach response in-
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cludes a temporary identification.
[0038] In some embodiments, the CCNF is configured
to transmit an attach response based on the allocated at
least one network slice.
[0039] In some embodiments, the CCNF is further con-
figured to receive a protocol data unit (PDU) session es-
tablishment request at the CCNF, transmit a request to
the NSS for routing information, receive a response to
the request from the NSS, and establish a PDU session
based on the at least one network slice or another net-
work slice.
[0040] FIGURE 3 illustrates an example UE 300 ac-
cording to this disclosure. The embodiment of the UE
300 illustrated in FIGURE 3 is for illustration only, and
the UE 102 of FIGURE 1 could have the same or similar
configuration. However, UEs come in a wide variety of
configurations, and FIGURE 3 does not limit the scope
of this disclosure to any particular implementation of a
UE.
[0041] As shown in FIGURE 3, the UE 300 includes
an antenna 305, a radio frequency (RF) transceiver 310,
transmit (TX) processing circuitry 315, a microphone 320,
and receive (RX) processing circuitry 325. The UE 116
also includes a speaker 330, a main processor 340, an
input/output (I/O) interface (IF) 345, a keypad 350, a dis-
play 355, and a memory 360. The memory 360 includes
a basic operating system (OS) program 361 and one or
more applications 362.
[0042] The RF transceiver 310 receives, from the an-
tenna 305, an incoming RF signal transmitted by the AN
104 of the system 100. The RF transceiver 310 down-
converts the incoming RF signal to generate an interme-
diate frequency (IF) or baseband signal. The IF or base-
band signal is sent to the RX processing circuitry 325,
which generates a processed baseband signal by filter-
ing, decoding, and/or digitizing the baseband or IF signal.
The RX processing circuitry 325 transmits the processed
baseband signal to the speaker 330 (such as for voice
data) or to the main processor 340 for further processing
(such as for web browsing data).
[0043] The TX processing circuitry 315 receives ana-
log or digital voice data from the microphone 320 or other
outgoing baseband data (such as web data, e-mail, or
interactive video game data) from the main processor
340. The TX processing circuitry 315 encodes, multiplex-
es, and/or digitizes the outgoing baseband data to gen-
erate a processed baseband or IF signal. The RF trans-
ceiver 310 receives the outgoing processed baseband
or IF signal from the TX processing circuitry 315 and up-
converts the baseband or IF signal to an RF signal that
is transmitted via the antenna 305.
[0044] The main processor 340 can include one or
more processors or other processing devices and exe-
cute the basic OS program 361 stored in the memory
360 in order to control the overall operation of the UE
116. For example, the main processor 340 could control
the reception of forward channel signals and the trans-
mission of reverse channel signals by the RF transceiver

310, the RX processing circuitry 325, and the TX process-
ing circuitry 315 in accordance with well-known princi-
ples. In some embodiments, the main processor 340 in-
cludes at least one microprocessor or microcontroller.
[0045] The main processor 340 is also capable of ex-
ecuting other processes and programs resident in the
memory 360. The main processor 340 can move data
into or out of the memory 360 as required by an executing
process. In some embodiments, the main processor 340
is configured to execute the applications 362 based on
the OS program 361 or in response to signals received
from an AN 104 or an operator. The main processor 340
is also coupled to the I/O interface 345, which provides
the UE 116 with the ability to connect to other devices
such as laptop computers and handheld computers. The
I/O interface 345 is the communication path between
these accessories and the main processor 340.
[0046] The main processor 340 is also coupled to the
keypad 350 and the display unit 355. The operator of the
UE 116 can use the keypad 350 to enter data into the
UE 116. The display 355 may be a liquid crystal display
or other display capable of rendering text and/or at least
limited graphics, such as from web sites.
[0047] The memory 360 is coupled to the main proc-
essor 340. Part of the memory 360 could include a ran-
dom access memory (RAM), and another part of the
memory 360 could include a Flash memory or other read-
only memory (ROM).
[0048] Although FIGURE 3 illustrates one example of
UE 116, various changes may be made to FIGURE 3.
For example, various components in FIGURE 3 could be
combined, further subdivided, or omitted and additional
components could be added according to particular
needs. As a particular example, the main processor 340
could be divided into multiple processors, such as one
or more central processing units (CPUs) and one or more
graphics processing units (GPUs). Also, while FIGURE
3 illustrates the UE 116 configured as a mobile telephone
or smartphone, UEs could be configured to operate as
other types of mobile or stationary devices.
[0049] The embodiments described herein are direct-
ed to a roaming architecture where slice (instance) se-
lector (NSS) resides in all networks. In a roaming sce-
nario where home routed services support is required,
the NSS also exists in the home network. This function
is a separate function entity from other common control
network functions (CCNF). The NSS is responsible for
selecting an appropriate slice instance in its network tak-
ing in the account of existing traffic situation, resources
available, policy, subscription information etc.
[0050] A slice instance or slice is a grouping of physical
or virtual resources which can act as a sub network and/or
cloud and it can accommodate service components and
network (virtual) functions. For slice creation, manage-
ment planes create virtual or physical network functions
and connects them as appropriate and instantiate all the
network functions assigned to the slice. In other situa-
tions, for slice creation, the slice control takes over the
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control of all the virtualized network functions and net-
work programmability functions assigned to the slice, and
(re-)configure them as appropriate to provide the end-to-
end service.
[0051] Once the slice (instance) is selected, this infor-
mation may be stored by the slice selector or it can be
passed to the CCNF. Subsequent or piggybacked serv-
ice request from the end device triggers communication
with the network functions within slice. The embodiments
described herein provide an allocation of resources in
the visiting and home network for roaming scenarios.
[0052] In the embodiments described herein, the net-
work supports multiple control functions which may be
common functions used by other slice instances or they
are specific to particular type of slice only. The present
disclosure does not have dependency whether the net-
work support group A, B or C described in the annex of
3GPP SA2 23.799 TR, which is herein incorporated by
reference.
[0053] A new attach request received from a UE may
include a device type, a device identity, a service type,
and additional information allowing an Access Network
(AN) to make an appropriate choice of a Common Control
Network Function (CCNF). A temporary identifier will be
provided by the serving CCNF as a part of response to
an initial attach which will be used to identify that CCNF
for all subsequent service requests from that end device
or UE. The communication to/from may be done via a
Non-Access Stratum (NAS) router or via a Access and
Mobility Management Function (AMF) which are part of
the CCNF. Subscription information is available in the
network which will be part of slice instance selection
along with the service requested by that device in home
network (corresponding to home public land mobile net-
work (HPLMN)) and also in visiting network (correspond-
ing to visiting PLMN(VPLMN)). The authentication/au-
thorization of the end device will be performed in the vis-
iting network (VPLMN) prior to slice selection. A Network
Slice Selector (NSS) could be co-located with CCNF or
it could also be standalone entity in the HPLMN and/or
the VPLMN.
[0054] FIGURE 4 illustrates an example roaming ar-
chitecture or system 400 according to this disclosure.
The system 400 includes a home network 402 and visiting
network 404. The home network 402 includes a subscrib-
er information module 406, a network slice selector
(NSS) module 408, and a network function selector
(NFS) module 410. The visiting network 404 includes a
NSS module 416, a CCNF module 418, and a NFS mod-
ule 420. Modules 406 to 420 may be implemented by a
processor on a core network such as processing device
210 of FIGURE 2. Certain functions that are common to
the home network and the visiting network may be per-
formed by the CCNF module 418 such as an AMF and
an authentication management field function or an au-
thenticator function. The system also includes a radio
access network (RAN) 422 that connects a UE to the
visiting network 404.

[0055] In an embodiment, the NSS module 408 in the
home network 402 is responsible for selecting an appro-
priate slice instance for the requested service by a UE.
Once the slice instance is selected, it is up to the NFS
410 to select/assign slice specific Control Plane Network
Functions (CPNFs) 412 such as a session manager. Sim-
ilarly, some of these CPNFs will be responsible for se-
lecting specific User Plane Network Functions (UPNFs)
414 based on the location of the UE, traffic condition etc.
[0056] The NFS module 410 in the home network 402
may be a part of a CCNF, a part of the slice instance, or
may be co-located with the NSS module 408. The NFS
module 410 is responsible for selecting appropriate net-
work functions for a selected slice instance. If NSS mod-
ule 408 is a standalone entity or a part of CCNF, there
may be an explicit messaging standard defined between
the NSS module 408 and the NFS module 410 upon re-
ceipt of a new service establishment request from the
UE. In the embodiment described herein, both these en-
tities are collocated and hence messages are not shown
between them although they are not precluded.
[0057] FIGURE 5 illustrates an example attach proce-
dure 500 for a home routed roaming scenario according
to this disclosure. As shown in FIGURE 5, the attach
procedure 500 begins when a UE 502 transmits an attach
request (520) to AN 504. The AN 504 then selects an
appropriate CCNF in a visiting network (CCNF-V) 506
based on multi-descriptor (MDD) information included in
the attach request 520. The AN 504 then transmits the
attach request (522) to the selected CCNF-V 506. The
CCNF-V 506 analyzes the received attach request and
authenticates and/or authorizes the UE. The CCNF-V
then forwards select slice request to the Network Slice
Selector in the visiting network (NSS-V). Based on the
subscription information that may reside in subscriber
information module 406 (FIGURE 4), the NSS-V 508 de-
termines that the UE 502 is a roamer and hence it sends
out the select slice request to the NSS-H. The selection
of the NSS-H is based on the information pre-configured
as a part of service level agreement (SLA). This informa-
tion may be stored in the network slice instance (NSI) of
the visiting network, subscriber information module 406,
a policy function module 428 or in an external entity man-
aging the SLA.
[0058] The procedure 500 includes two options for al-
locating an NSI first. In option 1, upon receipt of slice
select request from the CCNF-V 506, the NSS-V 508
selects a slice (526) based on the criteria such as mapped
MDD, subscription information, and/or network policy.
The selected slice instance identity is sent (528) to the
NSS in the home network (NSS-H) 510. Routing infor-
mation is obtained based on the local configuration per
the SLA. The receiving NSS-H 510 also selects a corre-
sponding slice (530) based on the requested MDD, sub-
scription information, and/or network policy etc. The iden-
tity of the selected slice is sent (532) to the NSS-V 508.
[0059] In option 2, upon receipt of slice select request
from the CCNF-V 506, the NSS-V 508 sends a slice se-
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lect request (534) to the NSS-H 510. Routing information
is obtained based on the local configuration per the SLA.
The receiving NSS-H 510 also selects a corresponding
slice (536) based on the requested MDD, subscription
information, and/or network policy etc. The identity of the
selected slice is sent (538) to the NSS-V 508. Upon re-
ceipt of this information, the NSS-V 508 selects a slice
in the visiting network (540).
[0060] The NSS-V stores (542) the context of the as-
signed slice and responds to the CCNF-V 506 with select
slice response (544). At that time, it may include infor-
mation of the slice identity. The CCNF-V 506 assigns a
temporary identifier which is included in the attach re-
sponse (546) sent to the AN 504 which then forwards
this message (548) to the UE 502. The UE 502 is expect-
ed to send this temporary identifier in all subsequent serv-
ice requests.
[0061] FIGURES 6A and 6B illustrate an example pro-
cedure 600 for a subsequent service request for the home
routed roaming scenario according to this disclosure.
Procedure 600 may be performed after the attach pro-
cedure 500 is performed successfully. In procedure 600,
as part of new service request, the UE 602 sends a pro-
tocol data unit (PDU) session request (620) to the core
network along with the temporary identifier which was
assigned during the attach procedure 500. This request
is forwarded by the AN 604 to the CCNF-V 606 based
on the temporary identifier (622).
[0062] Upon receipt of this PDU session request, the
CCNF-V requests routing information (624) from the
NSS-V 608. The NSS-V 608 assigns resources (626) for
control entities of the previously selected slice. At the
same time, the NSS-V 608 also requests assignment of
resources from the NSS-H 610 (628). The NSS-H 610
assigns resources (630) for control entities of the previ-
ously selected slice and provides routing information in-
cluding a control plane function in the home network
(CPF-H) identity (632) in the response after successful
assignment of resources. Once a response is received
from the NSS-H 610, the NSS-V 608 provides the routing
information including an identity of the selected control
plane function in the visiting network (CPF-V) and also
a slice instance identity in the visiting network to the CC-
NF-V 606 (634). The assignment of the resources in the
visiting network and home network may be done in any
order. The CCNF-V 606 forwards the PDU session re-
quest (636) to the CPF-V 612. At that time there are two
operations 638 and 640 that may be implemented, which
will be discussed below with reference to FIGURE 6B,
based on whether CPF-V 612 decides to assign resourc-
es locally first and then request for the resource assign-
ment in the home network or vice-a-versa.
[0063] After the resources are assigned, the CPF-V
612 responds to the functional entity within the CCNF-V
606 which had sent the establish session request earlier
(642). The response of the PDU session request is sent
(644) to the AN 604 by the CCNF-V 606 which then for-
wards the response to the UE 602 (646).

[0064] FIGURE 6B illustrates operations 638 and 640
of FIGURE 6A. As shown in FIGURE 6B, in operation
638, the CPF-V 612 selects a corresponding user plane
function (648) based on criteria such as location of the
UE 602, current traffic condition, etc. The CPF-V 612
then sends an establish session request message (650)
to the CPF-H 614 along with UPF-V’s tunnel resources.
The CPF-H 614 responds along with UPF-H’s tunnel re-
sources (654) after the successful assignment of re-
sources (652). The CPF-V 612 then requests modifica-
tion of the session to the UPF-V along with the tunnel
resources obtained from the CPF-H (656).
[0065] In operation 640, the CPF-V 612 sends an es-
tablish session request message (658) to the CPF-H 614
requesting it to assign resources. Upon receipt of this
request, the CPF-H 614 selects a corresponding UPF
and assigns resources based on the local policy (660).
The response (662) is sent to the CPF-V 612 after suc-
cessful assignment of resources along with the UPF-H’s
tunnel resources. Once this response is received at the
CPF-V 612, the CPF-V 612 selects the corresponding
UPF and resource allocation (664) based on the criteria
such as location of the end device, current traffic condi-
tion etc. The information of the UPF-H’s tunnel resources
is also sent to the UPF-V at that time. The CPF-V 612
sends UPF-V’s tunnel resources to the CPF-H 614 which
then request UPF-H session modification (666).
[0066] FIGURE 7 illustrates an example method 700
for a roaming scenario according to this disclosure. The
method of FIGURE 7 will be discussed while making ref-
erence to system 400 of FIGURE 4. As shown in FIGURE
7, the method of 700 determines if an attach procedure
request from a UE is an initial request or a subsequent
request after the UE has successfully been attached by
determining if the UE includes a temporary identification
in operation 702.
[0067] If the UE does not have a temporary identifica-
tion, the method 700 proceeds to operation 704 where
the attach request is received by the CCNF 418 from the
RAN 422. If this CCNF 418 is a default CCNF, after an-
alyzing the received request, the request is forwarded to
the specific CCNF if needed, based on the type of service
requested. The address of the NSS 416 is pre-configured
with the CCNF 418. Once authentication and/or author-
ization is completed, the CCNF 418 forwards a select
slice request to the NSS 416 in operation 706.
[0068] In operation 708, a network slice is allocated.
The network slice may be allocated in one of two options.
In a first option, upon receipt of the select slice request
from the CCNF 418, the NSS 416 selects a slice in the
visiting network based on the criteria such as mapped
MDD, subscription information, network policy. The se-
lected slice identity is sent to the NSS 408. Routing in-
formation is obtained based on the local configuration
per the SLA. The routing information for the NSS 408
may be stored in NSS 416, subscriber information mod-
ule 406, or policy function 428. The NSS 408 also selects
corresponding slice based on the requested MDD, sub-
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scription information, network policy etc. The identity of
the selected slice instance is sent to the NSS 416.
[0069] In a second option, upon receipt of select slice
request from the CCNF 418, the NSS 416 sends a select
slice request to the NSS 408. Routing information is ob-
tained based on the local configuration per SLA. The NSS
408 also selects a corresponding slice based on the re-
quested MDD, subscription information, network policy
etc. The identity of the selected slice is sent to the NSS
416. Upon receipt of this information, the NSS 416 selects
a slice instance in the visited network.
[0070] In operation 710, the NSS 416 stores the con-
text of the assigned slice and respond to the CCNF 418
with select slice response. At that time, it may include
information of the slice identity. The CCNF 418 assigns
a temporary identifier which is included in the attach re-
sponse sent to the RAN 422 which then forwards this
message to the UE. The UE sends this temporary iden-
tifier in all subsequent service requests.
[0071] If the UE has a temporary identification, the
method 700 proceeds to operation 712 where, as a part
of new service request, the UE sends a PDU session
request to the core network along with the temporary
identifier. This request is forwarded by the RAN 422 to
the CCNF 418 based on this temporary identifier.
[0072] In operation 714, the CCNF 418 requests rout-
ing information from the NSS 416. The NSS 416 is the
NSS that assigned resources for control entities of a pre-
viously selected slice. At the same time, it also requests
assignment of resources from the NSS 408. The NSS
408 provides control plane network function (CPNF) 412
in the response after successful assignment of resourc-
es. Once the response is received from the NSS 408,
the NSS 416 provides the identity of a selected control
entity (CPF-V) and also slice identity in the visiting net-
work to the CCNF 418. Note that assignment of the re-
sources in the visiting network and home network may
be done in any order.
[0073] In operation 716, the CCNF 418 forwards the
PDU service request to a CPNF 424. At that time there
are two options based on whether CPNF 424 decides to
assign resources locally first and then request for the
resource assignment in the home network or vice-a-ver-
sa. In a first option, the CPNF 424 selects a correspond-
ing user plane network function (UPNF) 426 based on
the criteria such as location of the end device, current
traffic condition etc. The CPNF 424 then sends an es-
tablish session request message to the CPNF 412 along
with the tunnel resources of UPNF 426. The CPNF 412
responds along with the tunnel resources of UPNF 414
after successful assignment of resources. The CPNF 424
then requests modification of the session to the UPNF
426 along with the tunnel resources obtained from the
CPNF 412.
[0074] In a second option, the CPNF 424 sends an
establish session request message to the CPNF 412 re-
questing it to assign resources. Upon receipt of this re-
quest, the CPNF 412 selects a corresponding UPNF 414

based on the local policy. The response is sent to the
CPNF 424 after successful assignment of resources
along with the tunnel resources of UPNF 414. Once this
response is received at the CPNF 424, it selects corre-
sponding UPNF 426 based on the criteria such as loca-
tion of the end device, current traffic condition etc. The
information of the tunnel resources of UPNF 414 is also
sent to the UPNF 426 at that time. The CPNF 424 sends
the tunnel resources of the UPNF 426 to the CPNF 412
which then requests a UPNF 414 session modification.
[0075] In operation 718, the CPNF 424 responds to
the functional entity within CCNF 418 which had sent the
establish session request earlier. The response of the
PDU session request is sent to the RAN 422 by the CCNF
418 which then forwards the response to the UE.
[0076] In some embodiments, the home network 402
may not support slice architecture. In such embodiments,
the address of a control entity such as the NFS 408, a
session management (SM) function, or a gateway control
plane entity (not shown) supporting requests from the
external entity in the home network 402 is provisioned in
the visiting network 404. If a gateway control plane entity
is used, further messaging may be required to identify
responsible control plane functions 412 in the home net-
work 402 which may be based on certain local criteria
defined in the home network 402. The operations in FIG-
URES 5 and 6 would remain substantially the same ex-
cept for the functions of the NSS-H and CPH-H would be
replaced by the control entity.
[0077] Once a PDU session is established, a UE may
request a modification or release of a PDU session. In
some embodiments, the session modification may be re-
quested by different network entities as shown in FIG-
URES 8 and 9. In one embodiment, in order to modify
existing policy rules, a user plane (UP) function may use
a Quality of Service (QoS) policy to determine that the
authorized QoS of a service data flow has changed or
that a service data flow shall be aggregated to or removed
from an active bearer. A policy function communicates
with a session management (SM) function for the up-
dates. The UP function updates packet filtering informa-
tion to match the traffic flow aggregate once notified by
the SM. In another embodiments, to modify subscription
information while in the middle of active PDU session,
the subscriber data is updated for QoS parameters. In
this case, the SM function is notified of the change by
the subscriber data management (SDM) function. In an-
other embodiment, to modifying resources managed by
the SM may include the case where the need for a session
modification may result from service execution logic or
internal processing at the SM. In yet another embodi-
ment, for the modifications of bearer resources by the
UE, the UE may request for a modification of bearer re-
sources for an active traffic flow aggregate with a specific
QoS demand. This modification request is handled by
the SM.
[0078] FIGURE 8 illustrates an example procedure
800 of the session modification triggered by an SM ac-
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cording to this disclosure. As shown in FIGURE 8, the
UE 802 has one or more active PDU sessions (816).
SDM 814 may request a session modification (818) which
includes subscription information and also subscribed
data. Depending on which subscribed data has changed,
the session modification may or may not require QoS
update. Upon receipt of this request from the SDM 814,
the SM 806 sends an acknowledgement to the SDM 814.
Also, if there are any modifications done by the policy
function 808 for one or more sessions managed by the
SM 806 for the UE, the policy function 808 will commu-
nicate with the SM (820). In some embodiments, the need
for a session modification may be resulted from the serv-
ice execution logic or internal processing at the SM(822).
The SM 806 communicates with UP function-X 810 (824)
and communicates with UP-function-Y 812 (826) regard-
ing the requested session modification.
[0079] The SM 806 notifies the AN 804 along with the
modified QoS information (828). The AN 804 maps the
received QoS information with the access specific QoS.
The AN 804 communicates with the UE 802 where UE
802 may reconfigure the connection if necessary and re-
spond to the AN 804 (830). The AN 804 responds to the
SM 806 with the update status (832). Upon receipt of the
response from the AN 804, the SM 806 notifies the policy
function 808 regarding the policy status of the modified
PDU session(s) (834).
[0080] FIGURE 9 illustrates an example procedure
900 of a session modification triggered by a UE according
to this disclosure. As shown in FIGURE 9, the UE 902
has one or more active PDU sessions (914). The UE 902
requests (916) modification of an active traffic flow ag-
gregated with a specific QoS demand. The AN 904 for-
wards the request to the SM 906 (918). Upon receipt of
the modification request, the SM 906 sends a PDU ses-
sion modification request to UP function-X 910 (920) and
UP-function-Y 912 (922). After receiving a response from
the UP function(s), the SM 906 function communicates
with the policy function 908 (924) regarding the policy
status updates. The SM 906 notifies the AN 904 regard-
ing the modified QoS information (926). The AN 904
maps the received QoS information with the access spe-
cific QoS and then sends a modification response to the
UE 902 (928).
[0081] In some embodiments, a session release may
be requested by different network entities as shown in
FIGURES 10 and 11. In one embodiment, the operator
may request removal of active sessions associated with
specific subscriber. In this case, the SM is notified of the
change by the SDM function. In another embodiment, if
there is no activity for a longer time for an active session,
the timer monitoring the session at the SM expires which
triggers a session release at the SM. In other embodi-
ments, the user may initiate release of the session which
is handled by the SM or the SM processes a session
release request received from a peer. In yet another em-
bodiment, the session is released due to service execu-
tion state imposed by a policy function.

[0082] FIGURE 10 illustrates an example procedure
1000 for a release of a session triggered by the SM ac-
cording to this disclosure. As shown in FIGURE 10, the
UE 1002 has multiple active PDU sessions (1016). An
SM 1006 initiates a session release request for one or
more than one PDU sessions toward the UE 1002. This
trigger may be resulted from the processing at the SM
(1022), requested by the SDM 1014 (1018), based on
the operator policy by the policy function 1008 (1020), or
requested by the peer entity. This step may be combined
with the detach procedure based on decision taken by
the SM 1006 using the service type associated with these
PDU sessions and subscription information. The SM
1006 communicates with UP function-X 1010 (1024) and
communicates with UP-function-Y 1012 (1026) involved
in active PDU sessions that are to be released and re-
quests them to release resources. Upon receiving re-
sponse(s) from the impacted UP functions, the SM 1006
requests the AN 1004 for release of access resources at
that time for targeted session(s) (1028). The UE 1002 is
requested to release the PDU sessions and once the
resources of these sessions are released (1030), the SM
1006 receives the response from the AN 1004 (1032).
The SM 1006 notifies the policy function of changes of a
policy status for the sessions which were released
(1034).
[0083] FIGURE 11 illustrates an example procedure
1100 of a release of a session triggered by a UE accord-
ing to this disclosure. As shown in FIGURE 11, the UE
1102 is has multiple active PDU sessions (1114). The
UE 1102 initiates a PDU session release request (1116)
toward a SM 1106 for one or more active PDU sessions.
This step may be combined with the detach procedure
based on decision taken by the SM 1106 using the serv-
ice type associated with these PDU sessions and sub-
scription information. The SM 1106 communicates with
UP function-X 1110 (1118) and UP-function-Y 1112
(1120) requesting release of the resources for their re-
spective PDU sessions. The SM 1106 also explicitly re-
quests the AN 1104 for release of access resources at
that time (1122). Upon receipt of the response from the
AN 1104 confirming release of resources, the SM 1106
notifies change of session status to the policy function
(1124) and the UE 1102 is informed of the completion of
the PDU session release (1126).
[0084] None of the description in this application
should be read as implying that any particular element,
step, or function is an essential element that must be
included in the claim scope. The scope of patented sub-
ject matter is defined only by the claims. Use of any other
term, including without limitation "mechanism," "module,"
"device," "unit," "component," "element," "member," "ap-
paratus," "machine," "system," "processor," or "control-
ler," within a claim is understood by the applicants to refer
to structures known to those skilled in the relevant art.
[0085] Although the present disclosure has been de-
scribed with an exemplary embodiment, various changes
and modifications may be suggested to one skilled in the
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art. It is intended that the present disclosure encompass
such changes and modifications as fall within the scope
of the appended claims.

Claims

1. A method of an apparatus for operating a control
plane function, CPF, of a visited network (610) pro-
viding a roaming service for a home network, the
method comprising:

receiving (636), from an access and mobility
management function, AMF, a session request;
selecting (648) a user plane function, UPF, of
the visited network, after the session request
from the AMF;
transmitting (650), to a CPF of a home network
(614), a request based on tunnel information as-
sociated with the UPF of the visited network; and
receiving (654), from the CPF of the home net-
work (614), a response including tunnel infor-
mation associated with a UPF of the home net-
work according to the request from the CPF of
the visited network (610).

2. The method of claim 1, wherein the session request
is received after a network slice is selected by the
AMF

3. The method of claim 1, wherein the session request
is received after the AMF receives a protocol data
unit, PDU, session request from a user equipment,
UE.

4. The method of claim 1, further comprising:
transmitting (642) a response to the AMF after re-
ceiving (654) the tunnel information associated with
the UPF of the home network.

5. The method of claim 1, wherein the session request
includes an identifier of a network slice in the visited
network.

6. A method of an apparatus for operating a control
plane function, CPF, of a home network (614) pro-
viding a roaming service for a home network, the
method comprising:

receiving (650), from a CPF of a visited network
(610), a request based on tunnel information as-
sociated with a user plane function, UPF, of the
visited network;
selecting (652) a UPF of the home network, after
receiving the request from the CPF of a visited
network (610); and
transmitting (654), to the CPF of the visited net-
work (610), a response including tunnel infor-

mation associated with the UPF of the home net-
work according to the request from the CPF of
the visited network (610).

7. The method of claim 6, wherein the request from the
CPF of the visited network (610) is transmitted from
the CPF of the visited network (610) after the CPF
of the visited network (610) receives, from an access
and mobility management function, AMF, a session
request.

8. The method of claim 7, wherein the session request
is transmitted to the CPF of the visited network (610)
after a network slice is selected by the AMF

9. The method of claim 7, wherein the session request
is transmitted from the AMF to the CPF of the visited
network (610) after the AMF receives a protocol data
unit, PDU, session request from a user equipment,
UE.

10. The method of claim 7, wherein the session request
includes an identifier of a network slice in the visited
network.

11. An apparatus configured to perform the method
steps of one of claims 1 to 5.

12. An apparatus configured to perform the method
steps of one of claims 6 to 10.

13. A core network comprising:

a home network including a control plane func-
tion, CPF, of the home network (614)
a visiting network including:

an access and mobility management func-
tion, AMF; and
a CPF of the visited network (610) config-
ured to:

receive (636), from the AMF, a session
request;
select (648) a user plane function, UPF,
of the visited network, after the session
request;
transmit (650), to the CPF of the home
network (614), a request based on tun-
nel information associated with the
UPF of the visited network; and
receive (654), from the CPF of the
home network (614), a response in-
cluding tunnel information associated
with a UPF of the home network accord-
ing to the request from the CPF of the
visited network (610).

17 18 



EP 3 780 679 A1

11

5

10

15

20

25

30

35

40

45

50

55

14. The core network of claim 13, wherein the CPF of
the visited network (610) is configured to:
transmit (642) a response to the AMF after receiving
(654) the tunnel information associated with the UPF
of the home network.

15. The core network of claim 13, wherein the CPF of
the visited network (610) is configured to receive the
session request after a network slice is selected by
the AMF
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