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(57) Abstract: Method and apparatus for determining whether or
not redundant transmission is enabled are disclosed. A method
comprises: receiving trigger information, wherein the trigger in-
formation includes at least one of prediction information, load
information, QoS information and reliability indication informa-
tion; and determining whether or not redundant transmission is
enabled according to the received trigger information.
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REDUNDANT TRANSMISSION DETERMINATION
FIELD
[0001] The subject matter disclosed herein generally relates to wireless communications

and, more particularly, to determining redundant transmission.

BACKGROUND

[0002] The following abbreviations are herewith defined, some of which are referred fo
within the following description: Third Generation Parinership Project (3GPP), European
Telecommunications Standards Institute (BTS1), Frequency Division Duplex (FDD), Frequency
Division Multiple Access (FDMA), Long Term Evolution (LTE), New Radio (NR), Very Large
Scale Integration (VLSI), Random Access Memory (RAM)}, Read-Only Memory (ROM),
Frasable Programmable Read-Ouly Memory (EPROM or Flash Memory), Compact Disc Read-
Ouly Memory {CD-ROM), Local Area Network (LAN), Wide Area Network (WAN), Personal
Digital Assistant (PDA), User Equipment (UE), Uplink (UL}, Evolved Node B (eNB), Next
Generation Node B (gNB), New Radio (NR), Downlink (DL}, Central Processing Unit {CPU),
Graphics Processing Unit (GPU), Field Programmable Gate Array (FPGA), Dynamic RAM
(DRAM), Synchronous Dynamic RAM (SDRAM), Static RAM (SRAM), Liquid Crystal
Display (LCD), Light Emitting Diode (LED), Organic LED {(OLED), Orthogonal Frequency
Division Multiplexing (OFDM). Session Management Function (SMF), Networlk Slice Selection
Function (NSSF), Network BExposure Function (NEF), Networlk Repository Function (NRF),
Policy Control Function (PCF), Unified Data Management (UDM), Application Function (AF},
Network Data Analytics Function (NWDAF), Authentication Server Function (AUSF), Access
and Mobility Management Function (AMF), User Hquipment (UE), Access Network {AN),
Radio Access Network (RAN), User Plane Function (UFP), Data Network (DN), Operation
Administration and Maintenance (OAM), Packet Data Unit (PDU), Quality of Service (QoS).

[0003] In a 5G network (e.g., next generation network), there is a key issue supporting
high reliability in a user plane. High reliability may be implemented through redundant
transmission. The redundant transmission may be determined for a PDU session or any of the
QoS flows contained therein. It is currently unknown of which parameters would be considered
on determining whether or not redundant transmission is enabled and which entity is responsible

for decision-making.
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BRIEF SUMMARY

[0004] Method and apparatus for determining whether or not redundant transmission is
enabled are disclosed.

[0005] In one embodiment, a method comprises: receiving trigger information, wherein
the trigger information includes at least one of prediction information, load information, QoS
information and reliability indication information; and determining whether or not redundant
transmission is enabled according to the received trigger information.

[0006] In some embodiment, the prediction information includes reliability prediction
information indicaling that a user plane apparatus or a user plane link is predicted to be
unreliable. In another embodiment, the prediction information includes load prediction
information indicating that the load on a user plane apparatus is predicted to be higher than a
predetermined threshold, In a further embodiment, the prediction information indicates that a
PDU session or a QoS flow is predicted to be unreliable. The load information indicates that the
load on a user plane apparatus is higher than a predetermined threshold. The QoS information
indicates an updated QoS of a QoS flow. The reliability indication information indicates that the
reliability of a service is not satisfied

[0007] In some embodiment, the method is performed at a session management apparatus,
In another embodiment, the method is performed at a policy control apparatus. The method may
further comprise transmitting a session management policy indicating the determination to a
session manageraent apparatus.

[0008] In some embodiment, the prediction information is received from a network data
analytics apparatus. The load information is originated from a network repository apparatus, an
operation administration and maintenance apparatus or a user plane apparatus. The reliability
indication information is originated from an application server. The QoS information is received
from a policy control apparatus,

[0009] In some embodiment, the redundant transmission is determined for a QoS flow.

[0010] In another embodiment, an apparatus comprises a receiver that receives trigger
information, wherein the trigger information includes at least one of prediction information, load
information, QoS information and reliability indication information; and a processor that
determines whether or not redundant transmission is enabled according to the received trigger

information.
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BRIEF DESCRIPTION OF THE DRAWINGS

(00111 A more particular description of the embediments briefly described above will be
rendered by reference to specific embodiments that are illustrated in the appended drawings.
Understanding that these drawings depict only some embodiments, and are not therefore to be
considered to be limiting of scope, the embodiments will be described and explained with
additional specificity and detail through the use of the accompanying drawings, in which:

[0012] Figure 1 is a schematic block diagram illustrating a 5G syster architecture;

[0013] Figure 2 illustrates a first embodiment of a network structure for determining
whether or not redundant transmission is enabled;

f0014] Figure 3 illustrates a second embodiment of a network structure for determining
whether or not redundant transmission is enabled;

[0015] Figure 4 is a schematic block diagram of a network function apparatus used for
determining whether or not redundant transmission is enabled; and

[0016] Figure 5 illustrates one embodiment of a method for determining whether or not

redundant transmission is enabled.

DETAILED DESCRIPTION

(0017] As will be appreciated by one skilled in the art, aspects of the embodiments may
be embodied as a system, apparatus, method, or program product. Accordingly, embodiments
may take the form of an entirely hardware embodiment, an entirely software embodiment
(including firmware, resident software, micro-code, ete.} or an embodiment combining software
and hardware sspects that may generally all be referred to herein as a “circuit”, “module” or
“gystem”. Furthermore, embodiments may take the form of a program product embodied in one
or more computer readable storage devices storing machine-readable code, computer readable
code, and/or program code, referred to hereafter as “code”. The storage devices may be tangible,
non-transitory, and/or non-transmission. The storage devices may not embody signals. In a
certain embodiment, the storage devices only eraploy signals for accessing code,

[0018] Certain functional units described in this specification may be labeled as
“modules”, in order to more particularly emphasize their independent implementation. For
example, a module may be implemented as a hardware circuit comprising custom very-large-
scale integration (VLSI) circuits or gate arrays, off-the-shelf semiconductors such as logic chips,
transistors, or other discrete components., A module may also be implemented in programmable
hardware devices such as field programmable gate arrays, programmable array logic,

nrogrammable logic devices or the like.
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[0019] Modules may also be implemented in code and/or software for execution by
various types of processors. An identified module of code may, for instance, include one or more
physical or logical blocks of executable code which may, for instance, be organized as an object,
procedure, or function. Nevertheless, the executables of an identified module need not be
physically located together, but may include disparate instructions stored in different locations
which, when joined logically together, include the module and achieve the stated purpose for the
module,

[0020] Indeed, a module of code may be a single instruction, or many instructions, and
may cven be distributed over several different code segments, among different programs, and
across several memory devices. Similarly, operational data may be identified and illustrated
herein within modules, and may be embodied in any suitable form and organized within any
suitable type of data structure. This operational data may be collected as a single data set, or may
be distributed over different locations including over different computer readable storage devices.
Where a module or portions of a module are implemented in software, the software portions are
stored on one or more compuier readable storage devices,

[0021} Auy combination of one or more computer readable medium may be utilized. The
computer readable medium may be a computer readable storage medium. The computer readable
storage medium may be a storage device storing the code, The storage device may be, for
example, but need not necessarily be, an electronic, magnetic, optical, electromagnetic, infrared,
holographic, micromechanical, or semiconductor system, apparatus, or device, or any suitable
combination of the foregoing.

[0022] A non-exhsustive list of more specific examples of the storage device would
include the following: an electrical connection having one or more wires, a portable cornputer
diskette, a bard disk, random access memory (RAM), read-only memory (ROM), erasable
programmable read-only memory (EPROM or Flash Memory), portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or any suitabie
combination of the foregoing. In the context of this document, a computer-readable storage
medinm ray be any tangible medium that can contain or store a program for uee by or in
connection with an instruction execution system, apparatus, or device,

(0023} Code for carrying out operations for embodiments may be any number of lines
and may be written in any combination of one or more programming languages including an
object-oriented programming language such as Python, Ruby, Java, Smalltalk, C++, or the like,
and conventional procedural programming languages, such as the "C" programming language, ox

the like. and/or machine lanpuages such as assembly languages. The code may be executed
3 Jot o o - > &
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entirely on the user's computer, partly on the user's computer, as a stand-alone software package,
partly on the user's computer and partly on a remote computer or eniirely on the remote
computer or server. In the very last scenario, the remote computer may be connected to the user's
computer through any type of network, including a local area network (LAN) or a wide arca
network (WAN), or the connection may be made to an external computer (for example, through
the Internet using an Internet Service Provider).

[0024] Reference throughout this specification to “one embodiment”, “an embodiment”,
or similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus, appearances of
the phrases “in one embodiment”, “in an embodiment”, and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment, but mean “one or
more but not all embodiments” unless expressty specified otherwise. The terms “including”,
“comprising”, “having”, and variations thereof mean “including but are not limited 107, unless
otherwise expressly specified. An cnumerated listing of items does not imply that any or all of
the items are mutually exclusive, otherwise unless expressly specified. The terms “a”, “an”, and
“the” also refer to “one or more” unless otherwise expressly specified.

[0025] Furthermore, the described features, structures, or characieristics of the
embodiments may be combined in any suitable manner. In the following description, numerous
apecific details are provided, such as examples of programming, software modules, user
selections, network transactions, dalabase queries, database structures, hardware modules,
hardware circuits, hardware chips, ete., to provide a thorough understanding of embodiments.
One skilled in the relevant art will recognize, however, that embodiments may be practiced
without one or more of the specific details, or with other methods, components, materials, and so
forth, In other instances, well-known structures, materials, or operations are not shown or
described in detail to avoid any obscuring of aspects of an embodiment.

[0026] Aspects of the embodiments are described below with reference to schematic
flowchart diagrams and/or schematic block diagrams of methods, apparatuses, systems, and
program products according to embodiments. It will be understood that cach block of the
schematic flowchart diagrams and/or schematic block diagrams, and combinations of blocks in
the schematic flowchart diagrarus and/or schematic block diagrams, can be implemented by code,
This code may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine, such that the

instructions, which are executed via the processor of the computer or other programmable data
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processing apparatus, create means for implementing the functions/acts specified in the
schematic flowchart diagrams and/or schematic block diagrams for the block or blocks.

[0027} The code may also be stored in a storage device that can direct a computer, other
programmable data processing apparatus, or other devices, to function in a particular manner,
such that the instructions stored in the storage device produce an article of manufacture including
instructions which implement the function/act specified in the schematic flowchart diagrams
and/or schematic block diagrams block or blocks,

[0028] The code may also be loaded onto a computer, other programmable data
processing apparatus, or other devices, to cause a series of operational steps to be performed on
the computer, other programmable apparatus or other devices to produce a computer
implemented process such that the code executed on the computer or other programmable
apparatus provides processes for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks,

[0029] The schematic flowchart diagrams and/or schematic block diagrams in the Figures
illustrate  the architecture, functionality, and operation of possible implementations of
apparatuses, systems, methods and program products according to various embodiments. In this
regard, each block in the schematic flowchart diagrams and/or schematic block diagrams may
represent a raodule, segment, or portion of code, which includes one or more executable
instructions of the code for implementing the specified logical function(s).

[0030] It should also be noted that in some alternative implementations, the functions
noted in the block may oceur out of the order noted in the Figures. For example, two blocks
shown in succession may substantially be executed concurrently, or the blocks may sometimes
be execuled in the reverse order, depending upon the functionality involved. Other steps and
methods may be conceived that are equivalent in function, Jogic, or effect to one or more blocks,
or portions thereof, to the illustrated Figures,

[0031] Although various arrow types and line types may be employed in the flowchart
and/or block diagrams, they are understood not to limit the scope of the corresponding
embodiments. Indeed, some arrows or other connectors may be used to indicate only the logical
flow of the depicted embodiment, For instance, an arrow may indicate a waiting or monitoring
neriod of unspecified duration between enumerated steps of the depicted embodiment. It will
also be noted that each block of the block diagrams and/or flowchart diagrams, and combinations
of blocks in the block diagrams and/or flowchart diagrams, can be implemenied by speeial
purpose hardware-based systems that perform the specified functions or acts, or combinations of

special purpose hardware and code.
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[0032] The description of elements in each figure may refer to elements of proceeding
figures. Like numbers refer to like elements in all figures, including alternate embodiments of
like elements.

(00337 The description of elements in each figure may refer to elements of proceeding
figures, Like numbers refer to ke elements in all figures, including alternate ernbodiments of
like elements.

[0034] Figure 1 depicts a 5G system architecture defining various {unctional entities,
Figure 1 illustrates Network Slice Selection Function (NSSF), Network Exposure Function
(NEF), Network Repository Function {NRF), Policy Control Fusction (PCF), Unitied Data
Management (UDM), Application Function (AF), Network Data Analytics Function (NWDAF),
Authentication Server Function (AUSF), Access and Mobility Management Function (AME),
Session Management Function (SMF) and User Plane Function (UFP). In addition, Figure 1
illustrates User Equipraent (UE), (R)AN (Radio Access Networlk) and Data Network (DN).

[0035] Nnsst is a service-based interface exhibited by NSSF. Noef is a service-based
interface exhibited by NEF., Nnrf is a service-based interface exhibited by NRI, Npef is a
service-based interface exhibited by PCF. Nudm is a service-based interface exhibited by UDM.
Naf is a service-based inter{ace exhibited by AF. Nausf is a service-based interface exhibited by
AUSF. Namf is a service-based interface exhibited by AMFE, Nam{ is a service-based interface
exhibited by SMF. N1 is a reference point (interface) between the UE and the AMF. N2 is a
reference point {interface) between the (R)AN and the AMT. N3 is a reference point (interface}
between the (RIAN and the UPF. N4 a is reference point (interface) between the SME and the
UPF. N6 a is reference point (interface) between the UPF and the DN.

[0036] Figure 2 depicts the first embodiment of a network structure of functional entities
for determining whether or not redundant transmission is enabled. The functional entfities
includes: network repository apparatus, policy control apparatus, application server, network
data analytics apparatus, session rnanagement apparatus, network exposure apparatus, operation
administration and maintenance apparatus and user plane apparatus. In 5G, the network
repository apparatus is implemented as NRE; the policy control apparatus is implemented as PCF;
the application server is implemented as AF; the network data analytics apparatus 18
implemented as NWDAF; the session management apparatus is implemented as SMF,; the
network exposure apparatus is implemented as NEF; the operation administration and
maintenance apparatus is implemented as OAM; and the user plane apparatys is implerented as
UPE. The invention is described in a 5G context. However, the invention 1s not lmited in any

specific network implementation,
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[0037] In S5G, a PDU Connectivity Service (le,, a service that provides exchange of
PDUs between a UE and a data network) is supported via PDU sessions that are established upoo
reguests from UBs, In a PDU session, a plurality of QoS flows with different QoS requirements
can be included. A Qo8 Flow 1D (QFL) is used to identify a QoS flow. User Plane traffic with the
same QF within a PDU Session receives the sarue traffic forwarding treatment (¢.g., scheduling,
admission threshold).

[0038] In the first embodiment, the session management apparatas makes the decision on
whether or not redundant fransmission is enabled. The redundant transmission may be enabled
for a QoS flow. If the redundant transmission is enabled for all of Qo8 flows included in a PDU
session, it can be considered that the redundant transmission is enabled for the PDU session.

[0039] If the redundant transtoission is enabled, one or more redundant nodes {e.g., user
plane apparatus{es)) may be added, and/or one or more links between user plane apparatuses
may be added.

10040] The session management apparatus makes the decision according to trigger
information received from other functional entities depicted in Figure 2. The trigger information
may be any of prediction information, load information, QoS information and reliability
indication information (detailed below}.

[0041] In principle, the network data analytics apparatus is able to make use of any data
within a core network. The network data analytics apparatus may provide prediction information
regarding user plane apparatuses and/or Qo8 flows {o the session management apparatus. The
prediction information ray include reliability prediction information and/or load prediction
information. The reliability prediction information indicates that a user planc apparatus and/or a
user plane link (between user plane apparatuses) are/is predicted to be unreliable at a certain
point in time. The load prediction information indicates that a load on a certain user plane
apparatus is predicted to be higher than a predetermined threshold.

[0042] In one embodiment, the session management apparatus may request the networlc
data analytics apparatus to transmit the prediction information. fn other embodiments, if the
network data analvtics apparatus is subscribed by the session management apparatus, the
network data analytics apparatus may npotify the session management apparatus once the
prediction information is generated. The prediction information is generated in the condition that
a user plane apparatus or a user plane link is predicted to be unreliable, or in the condition that a
load on a certain user plane apparatus is predicted to be higher than the predetermined threshold.

[0043] In some embodiment, the network data analytics apparatus may not know the

address of the session management apparatus. In this condition, the network data avalytics
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apparatus may interact with a unified data management apparatus (implemented as UDM in 3G)
to obtain the address or identity of the session managernent apparatus,

[0044} Upon receiving the prediction information, the session management apparatus

~

determines whether or not redundant fransmission is enabled for a QoS flow or a PDU session,
The Qo8 reguirement of QoS flows may not be satisfied according to the prediction information.
For example, in the condition that a user plane apparatus becomes unreliable, preventing the QoS
requirement of a QoS fow from being satisfied, the redundant transmission is enabled for the
QoS flow. For another example, in the condition that a user plane link between user plane
apparatuses becomes unreliable, preventing the QoS requirement of a QOS flow from being
satisfied, the redundant transmission is enabled for the QOS flow. I the redundant transmission
needs to be enabled for all the QOS flows within the PDU session of the UE, the redundant
transmission is enabled for the PDU session. In short, the session ruanagement apparatus decides
whether redundant transmission is enabled for a Qo8 flow or a PDU session, according to the
received prediction information.

[0045] The load information indicates the actual load on the user plane apparatus. In
particular, the load information indicates that a load on the user plane apparatus is higher than a
predetermined threshold. In one embodiment, the load information may be transmitted from the
user plane apparatus to the session management apparaius. In other embodiment, the load
information ruay be provided to the session management apparatus from the network repository
apparatus or the operation administration and maintenance apparatus if the load information is
also known by the network repository apparatus and the operation administration and
maintenance apparatus, In one embodiment, the session management apparatus may request the
user plane apparatus or the network repository apparatus or the operation administration and
maintenance apparatus fo transmit the load information. In another embodiment, in the condition
that the load on the user plane apparatus is higher than the predetermined threshold, the user
plane apparatus or the network repository apparatus or the operation adrinistration and
maintenance apparatus may transmit the load information to the session management apparatus.

f0046] When the load on a user plane apparatus is higher than the predetermined
threshold, the QoS requirement of any of QoS flows may not be satisfied. Therefore, the session
management apparatus determines that redundant transmission is enabled for the QoS flow or the
PIIU session which results in the (oS requirement being not satisfied.

(00471 The policy control apparatus may update the Qo8 of a QOS flow, so that a higher
reliability is required at the user plape apparatus. The updated QoS is fransmitted as QoS

information to the session management apparatus,
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0048] Upon receiving the (oS information, the session management apparatus
determines whether or not redundant transmission is enabled for a Qo8 flow or a PDU session.
The updated QoS of the QoS flow may not be satisfied by the user plane apparatus, In this
condition, the session management apparatus may decide that redundant transmission is enabled
s for the QoS flow or the PDU session, the Qo8 requirement of which is not satisfied. For example,
the session management apparatus may decide that one or more redundant session manageroent
apparatuses or one or more redundant links would be added.
[0049] The application server may generate reliability indication information in the
condition that the reliability requirement of a service of a UE is not satisfled. The traffic of the

10 service may be transmitied via a QoS flow, or in other cases, via a PDU session including
multiple QoS flows, or via multiple PDU sessions. In the condition that the reliability
requirernent of the service is not satisfied, the redundant transmission shall be enabled for the
(oS flows and/or PDU sessions via which the service is transmitted.

(00507 A UE identity and a service identifier may be included in the reliability indication

(s information. The UE identity indicates the identity of a UE that uses the service. The service
identifier indicates an identifier of the service. If multiple Uls use the service, the application
server may generate reliability indication information for each of the rultiple Ubs. Alternatively,
if the multiple UEs belong to a UE group to which a UE group identity is assigned, the reliability
indication inforrmation may include the UE group identity and the service identifier,

20 [0051] There are various routes that may be used to transmit the reliability indication
information to the session management apparatus. For example, the application server may
provide the reliability indication information to the network exposure apparatus, aund then the
network cxposure apparatus would send the reliability indication information to the session

management apparatus. Alternatively, the application server may provide the reliability

Na
L

indication information fo the network exposure apparatus, and then the network exposure
apparatus wonld send the reliability indication information to the policy control apparatus, and
subsequently the policy control apparatus will send the reliability indication information to the
session management apparatus. Another alteruative, the application server may provide the
reliability indication information to the policy control apparatus, and the policy control apparatus

would send the reliability indication information to the session management apparatus.

)
<

[0052] In some embodiments, the network exposure apparatus may not know the address
of the session managemtent apparatus and/or the policy control apparatus. Under this condition,

4

the network exposure apparatus may inferact with a unified data management apparatus
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(implemented as UDM in 5G) to obtain the address or identity of the session management
apparatus and/or the policy control apparatus.

[0053] Upon receiving the reliability indication information, the session management
apparatus decides whether or not redundant transmission is enabled for QoS flows and/ or PDU
sessions, The UE Identity or the UE group identity and the service identifier may be used by the
session management apparatus to decide to which PDU sessions and/or which Qo8 flows of the
UEs the redundant transmission would be added.

[0054] As described above, the prediction information, the load information, the QoS
information and the reliability indication information may be received at the session management
apparatus. The session management apparatus may decide whether or not redundant transmission
is enabled according to the prediction information, the load information, the (oS information
and the reliability indication information. The redundant transmission may be determined for a
PDU session or a QoS flow.

[0055] In the condition that the redundant transmission is enabled, one or more redundant
user plane apparatuses may be added and/or one or more redundant links may be added to the
user plane of the PDU sessions for the UE.

F0056] Figure 3 illustrates the second embodiment of a network structure of functional
entitics for determining whether or not redundant transmission is enabled. The functional entities
shown in Figure 3 are substantially the same as those shown in Figure 2.

[00571 In the second embodiment, the policy control apparatus makes the decision on
whether or not redundant fransmission is enabled. After the decision is made, the policy control
apparatus medifies the session management policy towards the session management apparatus.
The redundant transmission indication, which indicates whether or not redundant transmission is
added for a PDU session or a Qo8 flow, is contained in the session management policy. Io the
condition that the redundant transmission is added for specific QoS flows, the indication of the
specific QoS flows in need of the redundant transmission may be included in the redundant
transmission indication.

[0058] The session management apparatus updates the user plane according to the
scssion management policy received from the policy control apparatus.

[0059] In the second embodiment, the policy control apparatus decides whether or not
the redundant transmission is added for a certain PDU session or a certain QoS flow according to
any of the following information: the prediction information, the load information, the QoS

information and the reliability indication information, similar to the first embodiment.
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FO060] The network data analytics apparatus may provide prediction information on PDU
sessions and/or QoS {lows to the policy control apparatus. The prediction information may
indicate that a PDU session and/or a QoS flow are predicted to be unreliable, which means that
the QoS requirement of the PDU session and/or the QoS flow are predicted to be pot satistied.

[0061] In one embodiment, the policy control apparatus may request the network data
analytics apparatus to transmit the prediction information. In other embodiments, if the network
data analytics apparatus is subscribed by the policy control apparatus, the network data analytics
apparatus may notify the policy control apparatus once the prediction information i3 generated.
The prediction information is generated in the condition that a PDU session and/or a QoS flow
are predicted to be unreliable.

{00621 Upon receiving the prediction information, the policy control apparatus
determines whether or not redundant fransmission is enabled for a QoS flow or a PDU session
for the UTs.

[0063] Alternatively or additionally, the network data analytics apparatus may provide
prediction information including reliability prediction information and/or load prediction
information to the session management apparatus, The reliability prediction information
indicates that a user plane apparatus or a user plane link is predicted to be wnveliable at a certain
point in time. The load prediction information indicates that a load on a certain user plane
apparatus is predicted to be higher than a predetermined threshold.

[0064] In one embodiment, the session management apparatus may request the networl
data analylics apparatus to transmit the prediction information including reliability prediction
information and/or load prediction information. In other embodiments, if the network data
analytics apparatus is subscribed by the session management apparatus, the network dala
analytics apparatus may notify the session management apparatus once the prediction
information is generated. The prediction information is generated in the condition that a user
plane apparatus of a user plane link is predicted to be unreliable, or in the condition that a load
on a ceriain user plane apparatus is predicted to be higher than the predetermined threshold.
Upon receiving the prediction information, the session management apparatus may request the
policy control apparatus to update the session management policy. The request may be
implemented by transmitting the prediction information to the policy control apparatus.

[0065] The foad information is transmitted to the session management apparatus in the
condition that the load on the user plane apparatus is higher than a predetermined threshold, The
ivad information may be fransmitted froro the user planc apparatus or the network repository

apparatus or the operation administration and maintenance apparatus to the session management
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apparatus. The session management apparatus may be notified in the condition that a load on a
certain user plane apparatus is higher than a predetermined threshold. Upon receiving the load
information, the session management apparatus may request the policy control apparatus to
update the session management policy for a certain PDU session or a certain QoS flow. The
reguest may be implemented by transmitting the load information to the policy control apparatus.

[0066] The policy control apparatus may update the QoS requirement of a QOS flow, so
that a higher relability is required at the user plane apparatus. The updated QoS, which is
referred to as QoS information, is used by the policy conirol apparatus to make the decision on
whether or not redundant transmission is enabled.

[0067] The application server generates reliability indication information in the condition
that the reliability requirement of a service is not satisfied for UEs. A UR identity or a group IE
identity and a service identifier may be included in the reliability indication information.

[0068] There are various routes that may be used to transmit the reliability indication
information to the policy control apparatus, For example, the application server may provide the
reliahifity indication information to the network exposure apparatus, and then the network
exposure apparatus would send the reliability indication information to the policy control
apparatus, Alternatively, the application server may provide the reliability indication information
to the policy control apparatus,

[0069] Upon receiving the reliability indication information, the policy control apparatus
decides whether or not redundant transmigsion is enabled for Qo8 flows and/ or PDU sessions.
The UE Identity or the UE group identity and the service identifier may be used by the policy
control apparatus to decide the redundant transmission would be added to which PDU sessions
and/or which QoS flows of the UE.

[0070] In some embodiments, the network exposure apparatus may not know the address
of the policy control apparatus, In this condition, the network exposure apparatus may interact
with 2 unified data management apparatus (implemented as UDM in 5G) to obtain the address or
identity of the policy control apparatus.

f0071] Pigure 4 depicts one embodiment of a network function apparatus 400 that may
be used for determining whether or not redundant transmission is esabled, according to
embodiments of the disclosure. The network function apparatus 400 may be one embodiment of
the session management apparatus or the policy control apparatus described above. The other
functional entities may also be implemented by the network function apparatus 400.

10072] The network function apparatus 400 may include a processor 410, a memory 4240,

an input device 430, an output device 440, a transceiver 450 for communicating with other
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functional entities, As depicted, the transceiver 450 may include a iransmitter 460 and a receiver
470, The transceiver 450 may also support one or more network interface 480, such as the N4
interface and similar interfaces used to communicate among functional entities.

[0073] In some embodiments, the input device 430 and the output device 440 are
combined into a single device, such as a touch screen. In certain embodiments, the network
fanction apparatus 400 may not include any input device 430 and/or output device 440,

[0074] The processor 410, in one embodiment, may include any known controlier
capable of executing computer-readable instructions and/or capable of performing logical
operations. For example, the processor 410 may be a microcontroller, a microprocessor, a central
processing unit (“CPU), a graphics processing unit (“GPU”), an auxiliary processing unit, a
field programmable gate array (“FPGA™), or similar programmable controller. In some
embodiments, the processor 410 executes instructions stored in the memory 420 to perform the
methods and routines described herein. The processor 410 is communicatively coupled to the
memory 420, the input device 430, the output device 440, and the transceiver 450.

[0075] In some embodiments, the receiver 470 receives trigger information, wherein the
trigger information includes at least one of prediction information, load information, QoS
information and reliability indication information.

[0076] In certain embodiments, the processor 410 determines whether or not redundant
transtission is enabled according fo the received trigger information.

[0077]1 The memory 420, in one embodiment, is a computer readable storage medium. In
soroe embodiments, the memory 420 includes volatile computer storage media. For example, the
memory 420 may include a RAM, including dynamic RAM (DRAM), synchronous dynamic
RAM (SDRAM), and/or static RAM (SRAM). In some embodiments, the memory 420 includes
non-volatile computer storage media. For example, the memory 420 may include a hard disk
drive, a flash memory, or any other suitable non-volatile computer storage device. In some
embodiments, the memory 420 includes both volatile and non-volatile computer storage media.

[0078] The input device 430, in one embodiment, may include any known computer
input device including a touch panel, a button, a keyboard, a stylus, a microphone, or the like. In
some embodiments, the input device 430 may be integrated with the outpul device 440, for
example, as a touch screen or similar touch-sensitive display. In some embodiments, the input
device 430 includes two or more different devices, such as a keyboard and a touch panel. In
certain embodiments, the input device 430 may include a camers for capturing images or

otherwise inputting visual data.



N

(%)
<

WO 2019/222905 4 PCT/CN2018/087793

[
L5

[0079] The output device 440, in one embodiment, may include any known electronically
controliable display or display device. The output device 440 may be designed to output visual,
audible, and/or haptic signals. In some embodiments, the output device 440 includes an
slectronic display capable of outputting visual data to a user. For example, the output device 440
may include, but is not limited to, an LCD display, an LED display, an OLED display, a
projector, or similar display device capable of outputiing images, text, or the like to a user.

[00807 In certain emabodiments, the output device 440 includes one or more speakers for
producing sound. For example, the output device 440 may produce an audible alert or
notification {e.g., a beep or chime). In some embodiments, the output device 440 includes one or
more haptic devices for producing vibrations, motion, or other haptic feedback. In some
embodiments, all or portions of the output device 440 may be integrated with the input device
430. For example, the input device 430 and output device 440 may form a touch sereen or
sirnilar touch-sensitive display. In other embodiments, the output device 440 may be located near
the input device 430,

[0081] The transceiver 450 communicates with functional entities within a mobile
communication network. The transceiver 450 may include one or more transmitters 460 and one
or more receivers 470. As discussed above, the transceiver 430 may supports one or more the
network interface 480 for communicating with,

[0082] Figure 5 is a schematic flow chart diagram illustrating one embodiment of a
method 500 for determining whether or not redundant transmission is enabled, according to
embodiments of the disclosure. In some embodiments, the method 500 is performed by a
functional entity, such as the session management apparatus or the policy control apparatus, as
described above. In certain embodiments, the method 500 may be performed by a processor
executing program code, for example, a microcontroller, a microprocessor, a CPU, a GPU, an
auxiliary processing unit, a FPGA, or the like,

[0083] The method 500 begins and yeceives 510 trigger information, wherein the trigger
information includes at least one of prediction information, load information, QoS information
and reliabilily indication information.

[0084] The method also includes determining 520 whether or not redundant transmission
is enabled according to the received trigger information.

[0085] Embodiments may be practiced in other specific forms. The described
embodiments are to be considered in all respects only as illustrative and not restrictive. The

scope of the invention is, therefore, indicated by the appended claims rather than by the
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foregoing description. All changes which come within the meaning and range of equivalency of

the claims are to be embraced within their scope,
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CLAIMS

7.

A method, comprising:
receiving trigger information, wherein the trigger information includes at least
one of prediction information, load information, QoS information and
reliability indication information; and
determining whether or not redundant transmission is enabled according to the

received trigger information.

The rethod of claim 1, wherein the prediction information includes reliability prediction
information indicating that a user plane apparatus or a user planc link is predicted to be

unreliable,

The method of claim 1, wherein the prediction information includes load prediction
information indicating that the load on a user plane apparatus is predicted to be higher

than a predetermined threshold.

The method of claim 1, wherein the prediction information indicates that a PDU session or

a QoS flow is predicted to be unreliable.

The method of claim 1, wherein the load information indicates that the load on 4 user

plane apparatus is higher than a predetermined threshold.

The method of claim 1, wherein the QoS information indicates an updated QoS of a QoS

flow,

The method of claim 1, wherein the reliability indication information indicates that the

reliability of a service is not satisfied.

The method of claim 1, wherein the method is performed at a session management

Apparatus,
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9. The method of claim 1, wherein the method is performed at a policy control apparatus,

t0.  The method of claim 8 or 9, wherein the prediction information is received from a

network data analytics apparatus.

11, The method of claim 8 or 9, wherein the load information is originated from a network

S repository apparatus, an operation administration and maintenance apparatus or a user
plane apparatus.
12.  The method of claim 8 or 9, wherein the reliability indication information is originated
from an application server.
13, The method of claim 8, wherein the QoS information is received from a policy control
10 apparatus.
14.  The method of claim 9, further comprising: transmitting a session management policy
indicating the determination to a session management apparatus.
15, The method of claim 1, wherein the redundant transmission is determined for a QoS flow,
16.  An apparatus, comprising:
i5 a receiver that receives trigger information, wherein the trigger information

includes at least one of prediction information, load information, QoS
information and relability indication information; and
a processor that determines whether ot not redundant transmission is enabled

according to the received trigger information,

26 17.  The apparatus of claim 16, wherein the prediction information includes reliabitity
prediction information indicating that a user plane apparatus or a user plane link is

predicted to be unreliable,
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19,
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24,

25,

19

The apparatus of claim 16, wherein the prediction information includes load prediction
information indicating that the load on a user plane apparatus is predicted {o be higher

than a predetermined threshold.

The apparatus of ¢laim 16, wherein the prediction information indicates that a PDU

session or a QoS flow is predicted to be unreliable.

The apparatus of claim 16, wherein the load information indicates that the load on a user

plane apparatus is higher than a predetermined threshold.

The apparatus of claim 16, wherein the QoS information indicates an updated QoS of a

QoS flow.

The apparatus of claim 16, wherein the reliability indication information indicates that the

reliability of a service is not satistied.

The apparatus of claim 16, wherein the apparatus is a session management apparatus.

The apparatus of claim 16, wherein the apparatus is a policy control apparatus.

The apparatus of claim 23 or 24, wherein the receiver receives the prediction information

from a network data analvtics apparatus.

The apparatus of claim 23 or 24, wherein the receiver receives the load information
originated from a network repository apparatus, an operation administration and

maintenance apparatus or a user plane apparatus.

The apparatus of claim 23 or 24, wherein the receiver receives the reliability indication

information originated {rom an application server.

The apparatus of clainm 23, wherein the receiver receives the Qo8 information from a

policy control apparatus.
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29, The apparatus of claim 24, further comprising a transmitter that transmits a session

management policy indicating the determination {0 a session management apparatus,

(8]
[

The apparatus of claim 16, wherein the redundant transmission is determined for a Qo¥

flow,
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