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(57) ABSTRACT

Embodiments of the present disclosure provide methods and
apparatuses for assigning network address prefix. A method
performed by a control plane function may comprise: receiv-
ing, from a terminal device, a request for assigning a
network address prefix; determining whether the network
address prefix is assigned by the control plane function or a
user plane function; transmitting, to the user plane function,
a PFCP Session Modification Request for requesting the user
plane function to assign the network address prefix, if it is
determined that the network address prefix is assigned by the
user plane function; receiving, from the user plane function,
a PFCP Session Modification Response including an

(Continued)

ve

‘ Device bebind | AMF / MME

ol smey

PEW-C | L oupr

1

1. PDU Session or PDN connection has already setup by UE

238 sehds DHCPYS Solicit ge to request

rk prefix shorter than UE /64 prefix to PGW-0

throughiupr,

3. §i
the

Bitsifield setto “0” }

ME/PGW-C sends PECP Session Modifi
LIE P Address with the PvBD flag set i

ation Request to UFF {update the
p 1" and Pv6 Prefix Delegation

4. Y
Resg

o it in PFCR Sesston Modification
d PDR with the delegated prefix}

PF assigns the delegated prefix and sen
sonse message 10 SVIE/PGW-C {Update;

5.
an

SMF/PGW-L adds this dalegated iPvE p

efix in DHCPVE Reply message
sends it w UE through UPF

8.y
1Py6
LAN

yted
e of

E assign the /64 IPv6 pre
prefix which is assigned
ERTAUE

fix based on the delegy
by network to the devi




US 12,074,797 B2
Page 2

assigned network address prefix; and transmitting the
assigned network address prefix to the terminal device. The
specific procedure for the terminal device to obtain the
network address prefix from a network entity not directly
requested by the terminal device may be defined.
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Receiving, from a control plane
function, a PFCP Session Modification
Request for requesting the user plane

function to assign a network address | 5201
prefix to a terminal device

Transmitting, to the control plane
function, a PFCP Session Modification
Response including an assigned —~/ 5202
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1
METHOD AND APPARATUS FOR
ASSIGNING NETWORK ADDRESS PREFIX

This application is a 35 U.S.C. § 371 national phase filing
of International Application No. PCT/CN2021/121059, filed
Sep. 27, 2021, which claims the benefit of International
Application No. PCT/CN2020/126610, filed Nov. 4, 2020,
the disclosures of which are incorporated herein by refer-
ence in their entireties.

FIELD OF THE INVENTION

The present disclosure generally relates to communica-
tion networks, and more specifically, to a method and an
apparatus for assigning network address prefix.

BACKGROUND

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

When a terminal device is connected in a communication
network and needs to exchanging data/packet (such as
internet protocol, 1P, data/packet), at least one network
address (such as IP address), will be necessary for identi-
fying the terminal device. Particularly, the terminal device
may request a range of addresses in some cases. For
example, the terminal device may allocate a plurality of IP
addresses from the range of addresses for other devices
which are managed/served by the terminal device. Such
range or IP addresses may have a prefix, and other parts
(such as suffix). The prefix may be the same for those other
devices served by the terminal device, and the suffix may be
variable according to the specific device.

It is desired for the terminal device to obtain such prefix
from a network entity/server, when needed.

SUMMARY

This summary is provided to introduce a selection of
concepts in a simplified form that are further described
below in the detailed description. This summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter.

Current technical specifications, TS, of 3" generation
partnership project, 3GPP, define a mechanism for such
prefix management. For example, according to standard TS
29.244 V16.5.0, clause 5.14, Support IPv6 Prefix Delega-
tion, the CP function shall assign, or request the UP function
to assign (if the UP function indicates support of the UEIP
feature, see clause 8.2.25), the network prefix shorter than
the default /64 prefix by provisioning the UE IP Address IE
in the UP function.

But in current standard, only how the control plane, CP,
function assigns the network prefix is defined. How the user
plane, UP, funtion assigns the network prefix is not defined.

Namely, it is already defined that a network entity (such
as the CP function) may receive a request from a terminal
device for assigning a network address prefix, and if the
network entity supports the feature for assigning the network
address prefix, it will assign the network address prefix to
the terminal device according to the standards. However,
when the network entity (such as the CP function) requested
by the terminal device does not assign the network address
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prefix, the specific procedure for the terminal device to
obtain the network address prefix is not defined yet.

Certain aspects of the present disclosure and their
embodiments may provide solutions to these or other chal-
lenges. There are, proposed herein, various embodiments
which address one or more of the issues disclosed herein.
For example, in embodiments of the present disclosure, the
specific procedure for the terminal device to obtain the
network address prefix from a network entity not directly
requested by the terminal device (namely, the network entity
not handling the original request from the terminal device)
may be defined.

According to a first aspect of the present disclosure, there
is provided a method performed by a control plane function.
The method may comprise: receiving, from a terminal
device, a request for assigning a network address prefix;
determining whether the network address prefix is assigned
by the control plane function or a user plane function;
transmitting, to the user plane function, a Packet Forwarding
Control Protocol, PFCP, Session Modification Request for
requesting the user plane function to assign the network
address prefix, if it is determined that the network address
prefix is assigned by the user plane function; receiving, from
the user plane function, a PFCP Session Modification
Response including an assigned network address prefix; and
transmitting the assigned network address prefix to the
terminal device. The PFCP Session Modification Request
may include a first parameter indicating that the user plane
function is delegated to assign the network address prefix,
and the PFCP Session Modification Response may include
a second parameter indicating assigned network address
prefix by the user plane function.

In exemplary embodiments of the present disclosure, the
first parameter or the second parameter may comprise a field
for IPv6 Prefix Delegation Bits and/or a field for IPv6 Prefix
Length.

In exemplary embodiments of the present disclosure, the
IPv6 Prefix Delegation bits and/or IPv6 Prefix Length is set
to zero.

In exemplary embodiments of the present disclosure, the
assigned network address prefix is an internet protocol
version 6, IPv6, prefix.

In exemplary embodiments of the present disclosure, the
PFCP Session Modification Response comprises an infor-
mation element for IP address of the terminal device; and the
information element for IP address of the terminal device
comprises the second parameter.

In exemplary embodiments of the present disclosure, an
information element of Updated Packet Detection Rule,
PDR includes the field for IPv6 Prefix Delegation Bits
and/or the field for IPv6 Prefix Length.

In exemplary embodiments of the present disclosure, the
control plane function comprises a session management
function, SMF, and/or a packet data network gateway-
control plane, PGW-C.

According to a second aspect of the present disclosure,
there is provided a method performed by a user plane
function. The method may comprise: receiving, from a
control plane function, a PFCP Session Modification
Request for requesting the user plane function to assign a
network address prefix to a terminal device; transmitting, to
the control plane function, a PFCP Session Modification
Response including an assigned network address prefix. The
PFCP Session Modification Request may include a first
parameter indicating that the user plane function is delegated
to assign the network address prefix, and the PFCP Session
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Modification Response may include a second parameter
indicating assigned network address prefix by the user plane
function.

In exemplary embodiments of the present disclosure, the
user plane function determines a length of the network
address prefix based on a local configuration, or based on the
PFCP Session Modification Request from the control plane
function.

In exemplary embodiments of the present disclosure, the
first parameter or the second parameter may comprise a field
for IPv6 Prefix Delegation Bits and/or a field for IPv6 Prefix
Length.

In exemplary embodiments of the present disclosure, the
IPv6 Prefix Delegation bits and/or IPv6 Prefix Length is set
to zero.

In exemplary embodiments of the present disclosure, the
assigned network address prefix is an internet protocol
version 6, IPv6, prefix.

In exemplary embodiments of the present disclosure, the
PFCP Session Modification Response comprises an infor-
mation element for IP address of the terminal device; and the
information element for IP address of the terminal device
comprises the second parameter.

In exemplary embodiments of the present disclosure, an
information element of Updated Packet Detection Rule,
PDR includes the field for IPv6 Prefix Delegation Bits
and/or the field for IPv6 Prefix Length.

In exemplary embodiments of the present disclosure, the
control plane function comprises a session management
function, SMF, and/or a packet data network gateway-
control plane, PGW-C.

According to a third aspect of the present disclosure, there
is provided a control plane function, comprising: one or
more processors; and one or more memories comprising
computer program codes, the one or more memories and the
computer program codes configured to, with the one or more
processors, cause the terminal device at least to: receive,
from a terminal device, a request for assigning a network
address prefix; determine whether the network address pre-
fix is assigned by the control plane function or a user plane
function; transmit, to the user plane function, a PFCP
Session Modification Request for requesting the user plane
function to assign the network address prefix, if it is deter-
mined that the network address prefix is assigned by the user
plane function; receive, from the user plane function, a
PFCP Session Modification Response including an assigned
network address prefix; and transmit the assigned network
address prefix to the terminal device. The PFCP Session
Modification Request may include a first parameter indicat-
ing that the user plane function is delegated to assign the
network address prefix, and the PFCP Session Modification
Response may include a second parameter indicating
assigned network address prefix by the user plane function.

In exemplary embodiments of the present disclosure, the
one or more memories and the computer program codes are
configured to, with the one or more processors, cause the
control plane function to perform the method according to
any one of embodiments of the first aspect of the present
disclosure.

According to a fourth aspect of the present disclosure,
there is provided a user plane function, comprising: one or
more processors; and one or more memories comprising
computer program codes, the one or more memories and the
computer program codes configured to, with the one or more
processors, cause the terminal device at least to: receive,
from a control plane function, a PFCP Session Modification
Request for requesting the user plane function to assign a
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network address prefix to a terminal device; transmit, to the
control plane function, a PFCP Session Modification
Response including an assigned network address prefix. The
PFCP Session Modification Request may include a first
parameter indicating that the user plane function is delegated
to assign the network address prefix, and the PFCP Session
Modification Response may include a second parameter
indicating assigned network address prefix by the user plane
function.

In exemplary embodiments of the present disclosure, the
one or more memories and the computer program codes are
configured to, with the one or more processors, cause the
user plane function to perform the method according to any
one of embodiments of the second aspect of the present
disclosure.

According to a fifth aspect of the present disclosure, there
is provided a computer-readable medium having computer
program codes embodied thereon for use with a network
entity, wherein the computer program codes comprise codes
for performing the method according to any one of embodi-
ments above mentioned.

According to a sixth aspect of the present disclosure, there
is provided an apparatus for a control plane function. The
apparatus comprises: a first receiving unit, configured to
receive, from a terminal device, a request for assigning a
network address prefix; a determining unit, configured to
determine whether the network address prefix is assigned by
the control plane function or a user plane function; a first
transmitting unit, configured to transmit, to the user plane
function, a PFCP Session Modification Request for request-
ing the user plane function to assign the network address
prefix, if it is determined that the network address prefix is
assigned by the user plane function; a second receiving unit,
configured to receive, from the user plane function, a PFCP
Session Modification Response including an assigned net-
work address prefix, if it is determined that the network
address prefix is assigned by the user plane function; and a
second transmitting unit, configured to transmit the assigned
network address prefix to the terminal device. The PFCP
Session Modification Request may include a first parameter
indicating that the user plane function is delegated to assign
the network address prefix, and the PFCP Session Modifi-
cation Response may include a second parameter indicating
assigned network address prefix by the user plane function.

According to a seventh aspect of the present disclosure,
there is provided an apparatus for a user plane function. The
apparatus comprises: a receiving unit, configured to receive,
from a control plane function, a PFCP Session Modification
Request for requesting the user plane function to assign a
network address prefix to a terminal device; and a transmit-
ting unit, configured to transmit, to the control plane func-
tion, a PFCP Session Modification Response including an
assigned network address prefix. The PFCP Session Modi-
fication Request may include a first parameter indicating that
the user plane function is delegated to assign the network
address prefix, and the PFCP Session Modification Response
may include a second parameter indicating assigned network
address prefix by the user plane function.

Embodiments herein afford many advantages. For
example, in embodiments herein, the specific procedure for
the terminal device to obtain the network address prefix
from a network entity (such as the user plane function) not
directly requested by the terminal device may be defined.
Therefore, the terminal device can obtain the network
address prefix, even when a network entity (such as the
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control plane function) directly requested by the terminal
device does not support assigning the network address
prefix.

A person skilled in the art will recognize additional
features and advantages upon reading the following detailed
description. For example, further detailed parameters and
messages utilized by the control plane function and the user
plane function to assign the network address prefix to the
terminal device are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure itself, the preferable mode of use and
further objectives are best understood by reference to the
following detailed description of the embodiments when
read in conjunction with the accompanying drawings, in
which:

FIG. 1 is flowchart illustrating methods performed by a
first network entity, according to exemplary embodiments of
the present disclosure;

FIG. 2 is flowchart illustrating methods performed by a
second network entity, according to exemplary embodi-
ments of the present disclosure;

FIG. 3 is a signalling diagram according to exemplary
embodiments of the present disclosure;

FIG. 4 is a block diagram illustrating an apparatus for the
first network entity according to some embodiments of the
present disclosure;

FIG. 5 is a block diagram illustrating an apparatus for the
second network entity according to some embodiments of
the present disclosure;

FIG. 6 is a block diagram showing an apparatus readable
storage medium, according to embodiments of the present
disclosure;

FIG. 7 is a block diagram illustrating another apparatus
for the first network entity according to some embodiments
of the present disclosure;

FIG. 8 is a block diagram illustrating another apparatus
for the second network entity according to some embodi-
ments of the present disclosure;

FIG. 9 is a block diagram illustrating a telecommunica-
tion network connected via an intermediate network to a
host computer in accordance with some embodiments of the
present disclosure;

FIG. 10 is a block diagram illustrating a host computer
communicating via a base station with a UE over a partially
wireless connection in accordance with some embodiments
of the present disclosure;

FIG. 11 is a flowchart illustrating a method implemented
in a communication system, in accordance with an embodi-
ment of the present disclosure;

FIG. 12 is a flowchart illustrating a method implemented
in a communication system, in accordance with an embodi-
ment of the present disclosure;

FIG. 13 is a flowchart illustrating a method implemented
in a communication system, in accordance with an embodi-
ment of the present disclosure; and

FIG. 14 is a flowchart illustrating a method implemented
in a communication system, in accordance with an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

The embodiments of the present disclosure are described
in detail with reference to the accompanying drawings. It
should be understood that these embodiments are discussed
only for the purpose of enabling those skilled persons in the
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art to better understand and thus implement the present
disclosure, rather than suggesting any limitations on the
scope of the present disclosure. Reference throughout this
specification to features, advantages, or similar language
does not imply that all of the features and advantages that
may be realized with the present disclosure should be or are
in any single embodiment of the disclosure. Rather, lan-
guage referring to the features and advantages is understood
to mean that a specific feature, advantage, or characteristic
described in connection with an embodiment is included in
at least one embodiment of the present disclosure. Further-
more, the described features, advantages, and characteristics
of the disclosure may be combined in any suitable manner
in one or more embodiments. One skilled in the relevant art
will recognize that the disclosure may be practiced without
one or more of the specific features or advantages of a
particular embodiment. In other instances, additional fea-
tures and advantages may be recognized in certain embodi-
ments that may not be present in all embodiments of the
disclosure.

As used herein, the term ‘“network”, “communication
network” refers to a network following any suitable wireless
communication standards such as new radio (NR), long term
evolution (LTE), LTE-Advanced, wideband code division
multiple access (WCDMA), high-speed packet access
(HSPA), Code Division Multiple Access (CDMA), Time
Division Multiple Address (TDMA), Frequency Division
Multiple Access (FDMA), Orthogonal Frequency-Division
Multiple Access (OFDMA), Single carrier frequency divi-
sion multiple access (SC-FDMA) and other wireless net-
works. A CDMA network may implement a radio technol-
ogy such as Universal Terrestrial Radio Access (UTRA), etc.
UTRA includes WCDMA and other variants of CDMA. A
TDMA network may implement a radio technology such as
Global System for Mobile Communications (GSM). An
OFDMA network may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802.20, Flash-OFDMA, Ad-hoc network, wireless
sensor network, etc. In the following description, the terms
“network” and “system” can be used interchangeably. Fur-
thermore, the communications between two devices in the
network may be performed according to any suitable com-
munication protocols, including, but not limited to, the
communication protocols as defined by a standard organi-
zation such as 3rd Generation Partnership Project (3GPP).
For example, the communication protocols as may comprise
the first generation (1G), 2G, 3G, 4G, 4.5G, 5G, 6G com-
munication protocols, and/or any other protocols either
currently known or to be developed in the future.

The term “entity”, “network entity”, “network function”
may refer to a network device/apparatus/node/module with
accessing capability in a communication network via which
a terminal device accesses to the network and receives
services therefrom. The entity/function may include a base
station (BS), an access point (AP), a multi-cell/multicast
coordination entity (MCE), a server node/function (such as
a service capability server/application server, SCS/AS,
group communication service application server, GCS AS,
application function, AF), an exposure node (such as a
service capability exposure function, SCEF, network expo-
sure function, NEF), an access and mobility management
function (AMF), a mobility management entity (MIME), a
session management function (SMF), a packet data network
gateway-control plane (PGW-C), a user plane function
(UPF), a controller or any other suitable device in a wireless
communication network. The BS may be, for example, a
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node B (NodeB or NB), an evolved NodeB (eNodeB or
eNB), a next generation NodeB (gNodeB or gNB), a remote
radio unit (RRU), a radio header (RH), a remote radio head
(RRH), a relay, a low power node such as a femto node, a
pico node, and so forth.

Yet further examples of the network node comprise multi-
standard radio (MSR) radio equipment such as MSR BSs,
network controllers such as radio network controllers
(RNCs) or base station controllers (BSCs), base transceiver
stations (BTSs), transmission points, transmission nodes,
positioning nodes and/or the like. More generally, however,
the network node may represent any suitable device (or
group of devices) capable, configured, arranged, and/or
operable to enable and/or provide a terminal device access
to a wireless communication network or to provide some
service to a terminal device that has accessed to the wireless
communication network.

The term “terminal device” refers to any end device that
can access a communication network and receive services
therefrom. By way of example and not limitation, the
terminal device may refer to a mobile terminal, a user
equipment (UE), or other suitable devices. The UE may be,
for example, a subscriber station, a portable subscriber
station, a mobile station (MS) or an access terminal (AT).
The terminal device may include, but not limited to, portable
computers, image capture terminal devices such as digital
cameras, gaming terminal devices, music storage and play-
back appliances, a mobile phone, a cellular phone, a smart
phone, a tablet, a wearable device, a personal digital assis-
tant (PDA), a vehicle, and the like.

As yet another specific example, in an Internet of things
(IoT) scenario, a terminal device may also be called an loT
device and represent a machine or other device that performs
monitoring, sensing and/or measurements etc., and transmits
the results of such monitoring, sensing and/or measurements
etc. to another terminal device and/or a network equipment.
The terminal device may in this case be a machine-to-
machine (M2M) device, which may in a 3rd generation
partnership project (3GPP) context be referred to as a
machine-type communication (MTC) device.

As one particular example, the terminal device may be a
UE implementing the 3GPP narrow band Internet of things
(NB-IoT) standard. Particular examples of such machines or
devices are sensors, metering devices such as power meters,
industrial machinery, or home or personal appliances, e.g.
refrigerators, televisions, personal wearables such as
watches etc. In other scenarios, a terminal device may
represent a vehicle or other equipment, for example, a
medical instrument that is capable of monitoring, sensing
and/or reporting etc. on its operational status or other
functions associated with its operation.

As used herein, the terms “first”, “second” and so forth
refer to different elements. The singular forms “a” and “an”
are intended to include the plural forms as well, unless the
context clearly indicates otherwise. The terms “comprises”,
“comprising”, “has”, “having”, “includes” and/or “includ-
ing” as used herein, specify the presence of stated features,
elements, and/or components and the like, but do not pre-
clude the presence or addition of one or more other features,
elements, components and/or combinations thereof. The
term “based on” is to be read as “based at least in part on”.
The term “one embodiment” and “an embodiment™ are to be
read as “at least one embodiment”. The term “another
embodiment” is to be read as “at least one other embodi-
ment”. Other definitions, explicit and implicit, may be
included below.
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As mentioned above, due to distribution of the tasks of the
network, the configuration requested by the terminal device
may be provided by a first network entity (which is
requested by the terminal device, or is configured to handle
the request from the terminal device), or by a second
network entity (which is not directly requested by the
terminal device, or not handle the original request from the
terminal device). It is expected that the terminal device
obtains the configuration by one request to the first network
entity in either situation.

FIG. 1 is flowchart illustrating methods performed by a
first network entity, according to exemplary embodiments of
the present disclosure.

As an example without limitation, the first network entity
may be a control plane function.

The method performed by a control plane function may
comprise: S101, receiving, from a terminal device, a request
for assigning a network address prefix; S102, determining
whether the network address prefix is assigned by the
control plane function or a user plane function; S103,
transmitting, to the user plane function, a PFCP, Session
Modification Request for requesting the user plane function
to assign the network address prefix, if it is determined that
the network address prefix is assigned by the user plane
function; S104, receiving, from the user plane function, a
PFCP Session Modification Response including an assigned
network address prefix; and S105, transmitting the assigned
network address prefix to the terminal device.

Further, the PFCP Session Modification Request may
include a first parameter indicating that the user plane
function is delegated to assign the network address prefix,
and the PFCP Session Modification Response may include
a second parameter indicating assigned network address
prefix by the user plane function.

According to embodiments of the present disclosure, the
specific procedure for the terminal device to obtain the
network address prefix from a network entity (such as the
user plane function) not directly requested by the terminal
device may be defined. Therefore, the terminal device can
obtain the network address prefix, even when a network
entity (such as the control plane function) directly requested
by the terminal device does not support assigning the
network address prefix.

FIG. 2 is flowchart illustrating methods performed by a
second network entity, according to exemplary embodi-
ments of the present disclosure.

As an example without limitation, the second network
entity may be a user plane function.

The method performed by the user plane function may
comprise: S201, receiving, from a control plane function, a
PFCP Session Modification Request for requesting the user
plane function to assign a network address prefix to a
terminal device; and S202, transmitting, to the control plane
function, a PFCP Session Modification Response including
an assigned network address prefix.

Further, the PFCP Session Modification Request may
include a first parameter indicating that the user plane
function is delegated to assign the network address prefix,
and the PFCP Session Modification Response may include
a second parameter indicating assigned network address
prefix by the user plane function

For example, further detailed parameters and messages
utilized by the first network entity and the second network
entity to assign the network address prefix to the terminal
device are provided.

In exemplary embodiments of the present disclosure, the
user plane function determines a length of the network
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address prefix based on a local configuration, or based on the
PFCP Session Modification Request from the control plane
function.

In exemplary embodiments of the present disclosure, the
first parameter or the second parameter comprises a field for
IPv6 Prefix Delegation Bits and/or a field for IPv6 Prefix
Length.

In exemplary embodiments of the present disclosure, the
IPv6 Prefix Delegation bits and/or IPv6 Prefix Length is set
to zero.

It should be understood, the first parameter and the second
parameter may be utilized either individually or combinedly.
For example, in one situation, only when the first parameter
is active and the second parameter is set to zero, the second
network entity is requested. Further, other values instead of
zero may be also used for the second parameter, as long as
such values can be distinguished with the normal value
range of the second parameter.

In exemplary embodiments of the present disclosure, the
assigned network address prefix is an internet protocol
version 6, IPv6, prefix.

In exemplary embodiments of the present disclosure, the
second message comprises an information element for 1P
address of the terminal device; and the information element
for IP address of the terminal device comprises the second
parameter.

In exemplary embodiments of the present disclosure, an
information element of Updated Packet Detection Rule,
PDR includes the field for IPv6 Prefix Delegation Bits
and/or the field for IPv6 Prefix Length.

In exemplary embodiments of the present disclosure, the
control plane function comprises a session management
function, SMF, and/or a packet data network gateway-
control plane, PGW-C.

Further detailed embodiments with improvement to the
current standards may be further illustrated below. However,
it should be understood that the situation of the current
standards is just examples for better illustration, but not
limitation.

Clause 5.3.1.2.6 of 3GPP TS 23.401 Version 16.8.0 and
clause 4.6.2.3 of 3GPP TS 23.316 Version 16.5.0 specify
requirements for IPv6 Prefix Delegation via DHCPv6 (Dy-
namic Host Configuration Protocol for IPv6), that allow
assigning a single network prefix shorter than the default /64
prefix to a PDN (Packet Data Network) connection or a PDU
(Protocol Data Unit) session.

According to embodiments of the present disclosure,
when UP function is requested (such as by the CP function)
to perform UE IP address allocation and when IPv6 prefix
delegation is used, the IPv6 prefix length may be determined
by the CP function or the UP function:

If it is determined by the CP function, the IPv6 Prefix
Delegation Bits or IPv6 Prefix Length fields shall be set
according to the desired IPv6 prefix length in the request
message by the CP function; or if the IPv6 prefix length is
determined by the UP function, the CP function shall set the
IPv6 Prefix Delegation Bits or IPv6 Prefix Length fields to
“0”.

FIG. 3 is a signalling diagram according to exemplary
embodiments of the present disclosure.
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As shown in FIG. 3, in Step 1, PDU Session or PDN
connection is setup successfully.

In step 2, user equipment may trigger DHCPv6 procedure
to request shorter than default /64 prefix which is used for
the device or local area network (LAN) behind user equip-
ment, by sending a DHCPv6 solicit message. This message
is sent to SMF or PGW-C through UPF. The UPF here does
not directly handle this message.

In step 3, the SMF or PGW-C finds that UP is responsible
for IP address management, SMF or PGW-C sends PFCP
Session Modification to tell UPF assigning the delegated
prefix.

Some flags, such as the IPv6D flag, or IP6PL (IPv6 Prefix
Length) flag, in the PFCP Session Modification message
may be set to 1 as active. Further, some parameters may be
set to specifically defined values. For example, the IPv6
Prefix Delegation Bits (for the case when the IPv6D flag is
set to “1”) or IPv6 Prefix Length fields (for the case when
IP6PL flag is set to “17) to “0”. Table 1 shows an example
for such fields.

TABLE 1

UE IP Address

Bits
Octets 8 7 6 5 4 3 2 1
1to2 Type = 93 (decimal)
3to 4 Length =n
5 Spare IP6PL CHV6 CHV4 IPvéD S/D V4 V6
m to IPv4 address
(m + 3)
p to IPv6 address
(p+15)
T IPv6 Prefix Delegation Bits
s IPv6 Prefix Length
k to These octet(s) is/are present only if explicitly specified
n+4)

Octet r, if present, shall contain the number of bits
allocated for IPv6 prefix delegation (relative to the default
/64 1Pv6 prefix), e.g. if /60 IPv6 prefix is used, the value
shall be set to “4”. When using UE IP address IE in a PDI
to match packets, the UP function shall only use the IPv6
prefix part and ignore the interface identifier part. When the
field is set to <07, the UP function shall determine a value
based on the local configuration.

The IPv6 Prefix Length in octet s, when present, shall be
encoded as an 8 bits binary integer, e.g. if /72 prefix is used,
the value shall be set to (decimal) 72, or if /56 prefix is used,
the value shall be set to (decimal) 56. The prefix length value
“128” indicates an individual /128 IPv6 address. When the
field is set to <07, the UP function shall determine a value
based on the local configuration.

In step 4, UPF assigns the delegated prefix according to
local policy and sends this delegated prefix to SMF or
PGW-C in PFCP Session Modification Response message,
using the IE Updated PDR including a newly added IE, such
as the UE IP Address.

TABLE 2

Updated PDR

Updated PDR C  This IE shall be present if a PDR previously created for — — — X  Updated PDR
the PFCP session needs to be modified to support the



US 12,074,797 B2

TABLE 2-continued
Updated PDR

redundant transmission on N3/N9 interfaces. Or if the UP

function was requested to assign a network prefix shorter

than default /64 prefix.

Several IEs within the same IE type may be present to

represent a list of PDRs to update.

TABLE 3
content of the updated PDR.
Updated PDR IE Type = 256 (decimal)
Octet 1 and 2 Length =n
Octets 3 and 4 Appl.
Information Sx Sx Sx
elements P Condition/Comment a b c N4 IE Type
PDR ID M  |This IE shall uniquely identify the PDR among all the — — — X PDR ID
PDRs configured for that PFCP session.
Local F-TEID for C  This IE shall be present and shall contain the local F- — — — X F-TEID
Redundant TEID to be used for this PDR for the reception of
Transmission redundant uplink packets on the N3/N9 interfaces.
UE IP Address C  If the UP function allocates the delegate prefix, this IE — X — X UE IP
shall be present and shall contain the UE IP address/ Address

delegated prefix assigned by the UP function.

In the 5GC (5th generation core network), several IEs with
the same IE type may be present to represent multiple
UE IP addresses, if the UPF indicated support of the

IP6PL feature.

According to embodiments of the present disclosure, the
UE 1P Address (which may be conditional) is added to the
Updated PDR, and thus the Updated PDR may be used for
the situation when the UP function was requested to assign
a network prefix shorter than default /64 prefix.

As one example, an ““/56 prefix”, such as “2a00:20:87c1:
3500::/56”, may be provided in the UE IP address in the
updated PDR. Further, it should be understood that “shorter
than default /64 prefix” is also just an example without
limitation, a prefix equal to or even longer than default /64
prefix may be also possible.

In step 5, SMF or PGW-C organizes the DHCPv6 reply
message including the delegated prefix and sends it to UE
through UPF.

In step 6, user equipment can assign /64 prefix based on
this delegated prefix from network to the device or LAN
behind it. Namely, the user equipment here may be a router,
or a server, or a management device for many other devices
or even many subnetworks.

FIG. 4 is a block diagram illustrating an apparatus for the
first network entity according to some embodiments of the
present disclosure.

As shown in FIG. 4, there is provided a first network
entity 100 (such as a control plane function), comprising:
one or more processors 101; and one or more memories 102
comprising computer program codes 103, the one or more
memories and the computer program codes configured to,
with the one or more processors, cause the control plane
function at least to: receive, from a terminal device, a request
for assigning a network address prefix; determine whether
the network address prefix is assigned by the control plane
function or a user plane function; transmit, to the user plane
function, a PFCP Session Modification Request for request-
ing the user plane function to assign the network address
prefix, if it is determined that the network address prefix is
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assigned by the user plane function; receive, from the user
plane function, a PFCP Session Modification Response
including an assigned network address prefix; and transmit
the assigned network address prefix to the terminal device.
The PFCP Session Modification Request may include a first
parameter indicating that the user plane function is delegated
to assign the network address prefix, and the PFCP Session
Modification Response may include a second parameter
indicating assigned network address prefix by the user plane
function.

In exemplary embodiments of the present disclosure, the
one or more memories and the computer program codes are
configured to, with the one or more processors, cause the
first network entity to perform the method according to any
one of embodiments above mentioned, such as the method
in FIG. 1, 3.

FIG. 5 is a block diagram illustrating an apparatus for the
second network entity according to some embodiments of
the present disclosure.

As shown in FIG. 5, there is provided a second network
entity 200 (such as a user plane function), comprising: one
or more processors 201; and one or more memories 202
comprising computer program codes 203, the one or more
memories and the computer program codes configured to,
with the one or more processors, cause the terminal device
at least to: receive, from a control plane function, a PFCP
Session Modification Request for requesting the user plane
function to assign a network address prefix to a terminal
device; transmit, to the control plane function, a PFCP
Session Modification Response including an assigned net-
work address prefix. The PFCP Session Modification
Request may include a first parameter indicating that the
user plane function is delegated to assign the network
address prefix, and the PFCP Session Modification Response
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may include a second parameter indicating assigned network
address prefix by the user plane function.

In exemplary embodiments of the present disclosure, the
one or more memories and the computer program codes are
configured to, with the one or more processors, cause the
second network entity to perform the method according to
any one of embodiments above mentioned, such as the
method in FIG. 2, 3.

The processors 101, 201 may be any kind of processing
component, such as one or more microprocessor or micro-
controllers, as well as other digital hardware, which may
include digital signal processors (DSPs), special-purpose
digital logic, and the like. The memories 102, 202 may be
any kind of storage component, such as read-only memory
(ROM), random-access memory, cache memory, flash
memory devices, optical storage devices, etc.

FIG. 6 is a block diagram showing an apparatus readable
storage medium, according to embodiments of the present
disclosure.

As shown in FIG. 6, there is provided a computer-
readable medium 600 having computer program codes 601
embodied thereon for use with a network entity comprising
a control plane function and/or a user plane function,
wherein the computer program codes comprise codes for
performing the method according to any one of embodi-
ments above mentioned.

The computer readable storage medium 600 may be
configured to include memory such as RAM, ROM, pro-
grammable read-only memory (PROM), erasable program-
mable read-only memory (EPROM), electrically erasable
programmable read-only memory (EEPROM), magnetic
disks, optical disks, floppy disks, hard disks, removable
cartridges, or flash drives.

FIG. 7 is a block diagram illustrating another apparatus
for the first network entity according to some embodiments
of the present disclosure.

As shown in FIG. 7, there is provided an apparatus for a
first network entity (such as a control plane function). The
apparatus 100 comprises: a first receiving unit 1001, con-
figured to receive, from a terminal device, a request for
assigning a network address prefix; a determining unit 1002,
configured to determine whether the network address prefix
is assigned by the control plane function or a user plane
function; a first transmitting unit 1003, configured to trans-
mit, to the user plane function, a PFCP Session Modification
Request for requesting the user plane function to assign the
network address prefix, if it is determined that the network
address prefix is assigned by the user plane function; a
second receiving unit 1004, configured to receive, from the
user plane function, a PFCP Session Modification Response
including an assigned network address prefix; and a second
transmitting unit 1005, configured to transmit the assigned
network address prefix to the terminal device. The PFCP
Session Modification Request may include a first parameter
indicating that the user plane function is delegated to assign
the network address prefix, and the PFCP Session Modifi-
cation Response may include a second parameter indicating
assigned network address prefix by the user plane function.

FIG. 8 is a block diagram illustrating another apparatus
for the second network entity according to some embodi-
ments of the present disclosure.

As shown in FIG. 8, there is provided an apparatus for a
second network entity (such as a user plane function). The
apparatus 200 comprises: a receiving unit 2001, configured
to receive, from a control plane function, a PFCP Session
Modification Request for requesting the user plane function
to assign a network address prefix to a terminal device; and
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a transmitting unit 2002, configured to transmit, to the
control plane function, a PFCP Session Modification
Response including an assigned network address prefix. The
PFCP Session Modification Request may include a first
parameter indicating that the user plane function is delegated
to assign the network address prefix, and the PFCP Session
Modification Response may include a second parameter
indicating assigned network address prefix by the user plane
function.

The term unit may have conventional meaning in the field
of electronics, electrical devices and/or electronic devices
and may include, for example, electrical and/or electronic
circuitry, devices, modules, processors, memories, logic
solid state and/or discrete devices, computer programs or
instructions for carrying out respective tasks, procedures,
computations, outputs, and/or displaying functions, and so
on, as such as those that are described herein.

With function units, the communication management
node or network node may not need a fixed processor or
memory, any computing resource and storage resource may
be arranged from at least one node in the communication
system. The introduction of virtualization technology and
network computing technology may improve the usage
efficiency of the network resources and the flexibility of the
network.

According to embodiments of the present disclosure, if [P
address management is done by UP and UP is expected to
assign the delegated prefix, a clear definition about how to
do it is provided.

The embodiments of the present disclosure may propose
the following solutions: to define the behavior for CP to tell
UP that the delegate prefix is assigned by UP when CP
receives the request from UE; to define the behavior for UP
to tell CP what delegated prefix is used, so that CP can send
the reply message to UE with the delegate prefix; and/or to
defined prefix delegate assigned by UP in standards.

FIG. 9 is a block diagram illustrating a telecommunica-
tion network connected via an intermediate network to a
host computer in accordance with some embodiments of the
present disclosure.

With reference to FIG. 9, in accordance with an embodi-
ment, a communication system includes a telecommunica-
tion network 910, such as a 3GPP-type cellular network,
which comprises an access network 911, such as a radio
access network, and a core network 914. The access network
911 comprises a plurality of base stations 912a, 9125, 912¢,
such as NBs, eNBs, gNBs or other types of wireless access
points, each defining a corresponding coverage area 913a,
9135, 913¢. Each base station 9124, 9125, 912¢ is connect-
able to the core network 914 over a wired or wireless
connection 915. A first UE 991 located in a coverage area
913c¢ is configured to wirelessly connect to, or be paged by,
the corresponding base station 912¢. A second UE 992 in a
coverage area 913a is wirelessly connectable to the corre-
sponding base station 912a. While a plurality of UEs 991,
992 are illustrated in this example, the disclosed embodi-
ments are equally applicable to a situation where a sole UE
is in the coverage area or where a sole UE is connecting to
the corresponding base station 912.

The telecommunication network 910 is itself connected to
a host computer 930, which may be embodied in the
hardware and/or software of a standalone server, a cloud-
implemented server, a distributed server or as processing
resources in a server farm. The host computer 930 may be
under the ownership or control of a service provider, or may
be operated by the service provider or on behalf of the
service provider. Connections 921 and 922 between the
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telecommunication network 910 and the host computer 930
may extend directly from the core network 914 to the host
computer 930 or may go via an optional intermediate
network 920. An intermediate network 920 may be one of,
or a combination of more than one of, a public, private or
hosted network; the intermediate network 920, if any, may
be a backbone network or the Internet; in particular, the
intermediate network 920 may comprise two or more sub-
networks (not shown).

The communication system of FIG. 9 as a whole enables
connectivity between the connected UEs 991, 992 and the
host computer 930. The connectivity may be described as an
over-the-top (OTT) connection 950. The host computer 930
and the connected UEs 991, 992 are configured to commu-
nicate data and/or signaling via the OTT connection 950,
using the access network 911, the core network 914, any
intermediate network 920 and possible further infrastructure
(not shown) as intermediaries. The OTT connection 950
may be transparent in the sense that the participating com-
munication devices through which the OTT connection 950
passes are unaware of routing of uplink and downlink
communications. For example, the base station 912 may not
or need not be informed about the past routing of an
incoming downlink communication with data originating
from the host computer 930 to be forwarded (e.g., handed
over) to a connected UE 991. Similarly, the base station 912
need not be aware of the future routing of an outgoing uplink
communication originating from the UE 991 towards the
host computer 930.

FIG. 10 is a block diagram illustrating a host computer
communicating via a base station with a UE over a partially
wireless connection in accordance with some embodiments
of the present disclosure.

Example implementations, in accordance with an embodi-
ment, of the UE, base station and host computer discussed
in the preceding paragraphs will now be described with
reference to FIG. 10. In a communication system 1000, a
host computer 1010 comprises hardware 1015 including a
communication interface 1016 configured to set up and
maintain a wired or wireless connection with an interface of
a different communication device of the communication
system 1000. The host computer 1010 further comprises a
processing circuitry 1018, which may have storage and/or
processing capabilities. In particular, the processing cir-
cuitry 1018 may comprise one or more programmable
processors, application-specific integrated circuits, field pro-
grammable gate arrays or combinations of these (not shown)
adapted to execute instructions. The host computer 1010
further comprises software 1011, which is stored in or
accessible by the host computer 1010 and executable by the
processing circuitry 1018. The software 1011 includes a host
application 1012. The host application 1012 may be oper-
able to provide a service to a remote user, such as UE 1030
connecting via an OTT connection 1050 terminating at the
UE 1030 and the host computer 1010. In providing the
service to the remote user, the host application 1012 may
provide user data which is transmitted using the OTT
connection 1050.

The communication system 1000 further includes a base
station 1020 provided in a telecommunication system and
comprising hardware 1025 enabling it to communicate with
the host computer 1010 and with the UE 1030. The hardware
1025 may include a communication interface 1026 for
setting up and maintaining a wired or wireless connection
with an interface of a different communication device of the
communication system 1000, as well as a radio interface
1027 for setting up and maintaining at least a wireless
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connection 1070 with the UE 1030 located in a coverage
area (not shown in FIG. 10) served by the base station 1020.
The communication interface 1026 may be configured to
facilitate a connection 1060 to the host computer 1010. The
connection 1060 may be direct or it may pass through a core
network (not shown in FIG. 10) of the telecommunication
system and/or through one or more intermediate networks
outside the telecommunication system. In the embodiment
shown, the hardware 1025 of the base station 1020 further
includes a processing circuitry 1028, which may comprise
one or more programmable processors, application-specific
integrated circuits, field programmable gate arrays or com-
binations of these (not shown) adapted to execute instruc-
tions. The base station 1020 further has software 1021 stored
internally or accessible via an external connection.

The communication system 1000 further includes the UE
1030 already referred to. Its hardware 1035 may include a
radio interface 1037 configured to set up and maintain a
wireless connection 1070 with a base station serving a
coverage area in which the UE 1030 is currently located. The
hardware 1035 of the UE 1030 further includes a processing
circuitry 1038, which may comprise one or more program-
mable processors, application-specific integrated circuits,
field programmable gate arrays or combinations of these
(not shown) adapted to execute instructions. The UE 1030
further comprises software 1031, which is stored in or
accessible by the UE 1030 and executable by the processing
circuitry 1038. The software 1031 includes a client appli-
cation 1032. The client application 1032 may be operable to
provide a service to a human or non-human user via the UE
1030, with the support of the host computer 1010. In the host
computer 1010, an executing host application 1012 may
communicate with the executing client application 1032 via
the OTT connection 1050 terminating at the UE 1030 and
the host computer 1010. In providing the service to the user,
the client application 1032 may receive request data from
the host application 1012 and provide user data in response
to the request data. The OTT connection 1050 may transfer
both the request data and the user data. The client application
1032 may interact with the user to generate the user data that
it provides.

It is noted that the host computer 1010, the base station
1020 and the UE 1030 illustrated in FIG. 10 may be similar
or identical to the host computer 930, one of base stations
912a, 9125, 912¢ and one of UEs 991, 992 of FIG. 9,
respectively. This is to say, the inner workings of these
entities may be as shown in FIG. 10 and independently, the
surrounding network topology may be that of FIG. 9.

In FIG. 10, the OTT connection 1050 has been drawn
abstractly to illustrate the communication between the host
computer 1010 and the UE 1030 via the base station 1020,
without explicit reference to any intermediary devices and
the precise routing of messages via these devices. Network
infrastructure may determine the routing, which it may be
configured to hide from the UE 1030 or from the service
provider operating the host computer 1010, or both. While
the OTT connection 1050 is active, the network infrastruc-
ture may further take decisions by which it dynamically
changes the routing (e.g., on the basis of load balancing
consideration or reconfiguration of the network).

Wireless connection 1070 between the UE 1030 and the
base station 1020 is in accordance with the teachings of the
embodiments described throughout this disclosure. One or
more of the various embodiments improve the performance
of OTT services provided to the UE 1030 using the OTT
connection 1050, in which the wireless connection 1070
forms the last segment. More precisely, the teachings of
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these embodiments may improve the latency and the power
consumption, and thereby provide benefits such as lower
complexity, reduced time required to access a cell, better
responsiveness, extended battery lifetime, etc.

A measurement procedure may be provided for the pur-
pose of monitoring data rate, latency and other factors on
which the one or more embodiments improve. There may
further be an optional network functionality for reconfigur-
ing the OTT connection 1050 between the host computer
1010 and the UE 1030, in response to variations in the
measurement results. The measurement procedure and/or
the network functionality for reconfiguring the OTT con-
nection 1050 may be implemented in software 1011 and
hardware 1015 of the host computer 1010 or in software
1031 and hardware 1035 of the UE 1030, or both. In
embodiments, sensors (not shown) may be deployed in or in
association with communication devices through which the
OTT connection 1050 passes; the sensors may participate in
the measurement procedure by supplying values of the
monitored quantities exemplified above, or supplying values
of other physical quantities from which the software 1011,
1031 may compute or estimate the monitored quantities. The
reconfiguring of the OTT connection 1050 may include
message format, retransmission settings, preferred routing
etc.; the reconfiguring need not affect the base station 1020,
and it may be unknown or imperceptible to the base station
1020. Such procedures and functionalities may be known
and practiced in the art. In certain embodiments, measure-
ments may involve proprietary UE signaling facilitating the
host computer 1010’s measurements of throughput, propa-
gation times, latency and the like. The measurements may be
implemented in that the software 1011 and 1031 causes
messages to be transmitted, in particular empty or ‘dummy’
messages, using the OTT connection 1050 while it monitors
propagation times, errors etc.

FIG. 11 is a flowchart illustrating a method implemented
in a communication system, in accordance with an embodi-
ment. The communication system includes a host computer,
a base station and a UE which may be those described with
reference to FIG. 9 and FIG. 10. For simplicity of the present
disclosure, only drawing references to FIG. 11 will be
included in this section. In step 1110, the host computer
provides user data. In substep 1111 (which may be optional)
of step 1110, the host computer provides the user data by
executing a host application. In step 1120, the host computer
initiates a transmission carrying the user data to the UE. In
step 1130 (which may be optional), the base station transmits
to the UE the user data which was carried in the transmission
that the host computer initiated, in accordance with the
teachings of the embodiments described throughout this
disclosure. In step 1140 (which may also be optional), the
UE executes a client application associated with the host
application executed by the host computer.

FIG. 12 is a flowchart illustrating a method implemented
in a communication system, in accordance with an embodi-
ment. The communication system includes a host computer,
a base station and a UE which may be those described with
reference to FIG. 9 and FIG. 10. For simplicity of the present
disclosure, only drawing references to FIG. 12 will be
included in this section. In step 1210 of the method, the host
computer provides user data. In an optional substep (not
shown) the host computer provides the user data by execut-
ing a host application. In step 1220, the host computer
initiates a transmission carrying the user data to the UE. The
transmission may pass via the base station, in accordance
with the teachings of the embodiments described throughout
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this disclosure. In step 1230 (which may be optional), the
UE receives the user data carried in the transmission.

FIG. 13 is a flowchart illustrating a method implemented
in a communication system, in accordance with an embodi-
ment. The communication system includes a host computer,
a base station and a UE which may be those described with
reference to FIG. 9 and FIG. 10. For simplicity of the present
disclosure, only drawing references to FIG. 13 will be
included in this section. In step 1310 (which may be
optional), the UE receives input data provided by the host
computer. Additionally or alternatively, in step 1320, the UE
provides user data. In substep 1321 (which may be optional)
of step 1320, the UE provides the user data by executing a
client application. In substep 1311 (which may be optional)
of step 1310, the UE executes a client application which
provides the user data in reaction to the received input data
provided by the host computer. In providing the user data,
the executed client application may further consider user
input received from the user. Regardless of the specific
manner in which the user data was provided, the UE
initiates, in substep 1330 (which may be optional), trans-
mission of the user data to the host computer. In step 1340
of the method, the host computer receives the user data
transmitted from the UE, in accordance with the teachings of
the embodiments described throughout this disclosure.

FIG. 14 is a flowchart illustrating a method implemented
in a communication system, in accordance with an embodi-
ment. The communication system includes a host computer,
a base station and a UE which may be those described with
reference to FIG. 9 and FIG. 10. For simplicity of the present
disclosure, only drawing references to FIG. 14 will be
included in this section. In step 1410 (which may be
optional), in accordance with the teachings of the embodi-
ments described throughout this disclosure, the base station
receives user data from the UE. In step 1420 (which may be
optional), the base station initiates transmission of the
received user data to the host computer. In step 1430 (which
may be optional), the host computer receives the user data
carried in the transmission initiated by the base station.

In general, the various exemplary embodiments may be
implemented in hardware or special purpose chips, circuits,
software, logic or any combination thereof. For example,
some aspects may be implemented in hardware, while other
aspects may be implemented in firmware or software which
may be executed by a controller, microprocessor or other
computing device, although the disclosure is not limited
thereto. While various aspects of the exemplary embodi-
ments of this disclosure may be illustrated and described as
block diagrams, flow charts, or using some other pictorial
representation, it is well understood that these blocks, appa-
ratus, systems, techniques or methods described herein may
be implemented in, as non-limiting examples, hardware,
software, firmware, special purpose circuits or logic, general
purpose hardware or controller or other computing devices,
or some combination thereof.

As such, it should be appreciated that at least some
aspects of the exemplary embodiments of the disclosure may
be practiced in various components such as integrated circuit
chips and modules. It should thus be appreciated that the
exemplary embodiments of this disclosure may be realized
in an apparatus that is embodied as an integrated circuit,
where the integrated circuit may comprise circuitry (as well
as possibly firmware) for embodying at least one or more of
a data processor, a digital signal processor, baseband cir-
cuitry and radio frequency circuitry that are configurable so
as to operate in accordance with the exemplary embodi-
ments of this disclosure.
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It should be appreciated that at least some aspects of the
exemplary embodiments of the disclosure may be embodied
in computer-executable instructions, such as in one or more
program modules, executed by one or more computers or
other devices. Generally, program modules include routines,
programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract
data types when executed by a processor in a computer or
other device. The computer executable instructions may be
stored on a computer readable medium such as a hard disk,
optical disk, removable storage media, solid state memory,
random access memory (RAM), etc. As will be appreciated
by one of skill in the art, the function of the program
modules may be combined or distributed as desired in
various embodiments. In addition, the function may be
embodied in whole or partly in firmware or hardware
equivalents such as integrated circuits, field programmable
gate arrays (FPGA), and the like.

The present disclosure includes any novel feature or
combination of features disclosed herein either explicitly or
any generalization thereof. Various modifications and adap-
tations to the foregoing exemplary embodiments of this
disclosure may become apparent to those skilled in the
relevant arts in view of the foregoing description, when read
in conjunction with the accompanying drawings. However,
any and all modifications will still fall within the scope of
the non-limiting and exemplary embodiments of this disclo-
sure.

What is claimed is:
1. A method performed by a control plane function,
comprising:
receiving, from a terminal device, a request for assigning
a network address prefix;
determining whether the network address prefix is to be
assigned by the control plane function or a user plane
function;
transmitting, to the user plane function, a Packet Forward-
ing Control Protocol, PFCP, Session Modification
Request for requesting the user plane function to assign
the network address prefix, if it is determined that the
network address prefix is to be assigned by the user
plane function;
receiving, from the user plane function, a PFCP Session
Modification Response including an assigned network
address prefix; and
transmitting the assigned network address prefix to the
terminal device,
wherein the PFCP Session Modification Request includes
a first parameter indicating that the user plane function
is delegated to assign the network address prefix, and
wherein the PFCP Session Modification Response
includes a second parameter indicating assigned net-
work address prefix by the user plane function;
wherein the PFCP Session Modification Request includes
a field for IPv6 Prefix Delegation Bits and/or a field for
IPv6 Prefix Length;
wherein the field for IPv6 Prefix Delegation Bits and/or
the field for IPv6 Prefix Length indicates a length of the
network address prefix, or the field for IPv6 Prefix
Delegation Bits and/or the field for IPv6 Prefix Length
is set to zero to indicate that the user plane function
determines the length of the network address prefix
based on a local configuration.
2. The method according to claim 1, wherein the first
parameter or the second parameter comprises a field for IPv6
Prefix Delegation Bits and/or a field for IPv6 Prefix Length.
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3. The method according to claim 2, wherein the IPv6
Prefix Delegation bits and/or IPv6 Prefix Length is set to
Zero.

4. The method according to claim 1,

wherein the assigned network address prefix is an internet

protocol version 6, IPv6, prefix.

5. The method according to claim 1,

wherein the PFCP Session Modification Response com-

prises an information element for IP address of the
terminal device; and

wherein the information element for IP address of the

terminal device comprises the second parameter.

6. The method according to claim 5,
wherein an information element of Updated Packet Detec-
tion Rule, PDR includes the field for IPv6 Prefix Delegation
Bits and/or the field for IPv6 Prefix Length.

7. The method according to claim 1,

wherein the control plane function comprises a session

management function, SMF, and/or a packet data net-
work gateway-control plane, PGW-C.
8. A method performed by a user plane function, com-
prising:
receiving, from a control plane function, a Packet For-
warding Control Protocol, PFCP, Session Modification
Request for requesting the user plane function to assign
a network address prefix to a terminal device;

transmitting, to the control plane function, a PFCP Ses-
sion Modification Response including an assigned net-
work address prefix,
wherein the PFCP Session Modification Request includes
a first parameter indicating that the user plane function
is delegated to assign the network address prefix, and
wherein the PFCP Session Modification Response
includes a second parameter indicating assigned net-
work address prefix by the user plane function;

wherein the PFCP Session Modification Request includes
a field for IPv6 Prefix Delegation Bits and/or a field for
IPv6 Prefix Length;

wherein the field for IPv6 Prefix Delegation Bits and/or
the field for IPv6 Prefix Length indicates a length of the
network address prefix, or the field for IPv6 Prefix
Delegation Bits and/or the field for IPv6 Prefix Length
is set to zero to indicate that the user plane function
determines the length of the network address prefix
based on a local configuration.

9. The method according to claim 8, wherein the user
plane function determines the length of the network address
prefix based on a local configuration, or based on the PFCP
Session Modification Request from the control plane func-
tion.

10. The method according to claim 8, wherein the first
parameter or the second parameter comprises a field for IPv6
Prefix Delegation Bits and/or a field for IPv6 Prefix Length.

11. The method according to claim 10, wherein the IPv6
Prefix Delegation bits and/or IPv6 Prefix Length is set to
Zero.

12. The method according to claim 8,
wherein the assigned network address prefix is an internet
protocol version 6, IPv6, prefix.

13. The method according to claim 8,

wherein the second message comprises an information

element for IP address of the terminal device; and
wherein the information element for IP address of the
terminal device comprises the second parameter.
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14. The method according to claim 13,
wherein an information element of Updated Packet Detec-
tion Rule, PDR includes the field for IPv6 Prefix
Delegation Bits and/or the field for IPv6 Prefix Length.
15. The method according to claim 14,
wherein the control plane function comprises a session
management function, SMF, and/or packet data net-
work gateway-control plane, PGW-C.
16. A control plane function, comprising:
one or more processors; and
one or more memories comprising computer program
codes,
the one or more memories and the computer program
codes configured to, with the one or more processors,
cause the terminal device at least to:
receive, from a terminal device, a request for assigning
a network address prefix; determine whether the
network address prefix is to be assigned by the
control plane function or a user plane function;
transmit, to the user plane function, a Packet Forward-
ing Control Protocol, PFCP, Session Modification
Request for requesting the user plane function to
assign the network address prefix, if it is determined
that the network address prefix is to be assigned by
the user plane function;
receive, from the user plane function, a PFCP Session
Modification Response including an assigned net-
work address prefix; and
transmit the assigned network address prefix to the
terminal device,
wherein the PFCP Session Modification Request
includes a first parameter indicating that the user
plane function is delegated to assign the network
address prefix, and wherein the PFCP Session Modi-
fication Response includes a second parameter indi-
cating assigned network address prefix by the user
plane function;
wherein the PFCP Session Modification Request
includes a field for IPv6 Prefix Delegation Bits
and/or a field for IPv6 Prefix Length;
wherein the field for IPv6 Prefix Delegation Bits and/or
the field for IPv6 Prefix Length indicates a length of
the network address prefix, or the field for IPv6
Prefix Delegation Bits and/or the field for IPv6 Prefix
Length is set to zero to indicate that the user plane
function determines the length of the network
address prefix based on a local configuration.
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17. The control plane function according to claim 16,
wherein the first parameter or the second parameter com-
prises a field for IPv6 Prefix Delegation Bits and/or a field
for IPv6 Prefix Length.

18. A user plane function, comprising:

one or more processors; and

one or more memories comprising computer program

codes,

the one or more memories and the computer program

codes configured to, with the one or more processors,

cause the terminal device at least to:

receive, from a control plane function, a Packet For-
warding Control Protocol, PFCP, Session Modifica-
tion Request for requesting the user plane function to
assign a network address prefix to a terminal device;

transmit, to the control plane function, a PFCP Session
Modification Response including an assigned net-
work address prefix,

wherein the PFCP Session Modification Request
includes a first parameter indicating that the user
plane function is delegated to assign the network
address prefix, and wherein the PFCP Session Modi-
fication Response includes a second parameter indi-
cating assigned network address prefix by the user
plane function;

wherein the PFCP Session Modification Request
includes a field for IPv6 Prefix Delegation Bits
and/or a field for IPv6 Prefix Length;

wherein the field for IPv6 Prefix Delegation Bits and/or
the field for IPv6 Prefix Length indicates a length of
the network address prefix, or the field for IPv6
Prefix Delegation Bits and/or the field for IPv6 Prefix
Length is set to zero to indicate that the user plane
function determines the length of the network
address prefix based on a local configuration.

19. The user plane function according to claim 18,
wherein the user plane function determines the length of the
network address prefix based on a local configuration, or
based on the PFCP Session Modification Request from the
control plane function.

20. The user plane function according to claim 18,
wherein the first parameter or the second parameter com-
prises a field for IPv6 Prefix Delegation Bits and/or a field
for IPv6 Prefix Length.
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