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[DESCRIPTION]
[Invention Title]
METHOD FOR APPLYING REFLECTIVE QUALITY OF SERVICE IN

WIRELESS COMMUNICATION SYSTEM, AND DEVICE THEREFOR

[Technical Field]
[1] The present invention relates to a wireless communication system and, more
particularly, to a method of applying/supporting reflective QoS and an apparatus
performing the same.

[Background Art]
[2] A mobile communication system has been developed to provide a voice
service while guaranteeing activity of a user. However, the mobile communication
system extends an area up to a data service as well as a voice and at present, a
short phenomenon of a resource is caused due to an explosive increase of traffic and
uses require a higher-speed service, and as a result, a more developed mobile
communication system is required.
[3] Requirements of a next-generation mobile communication system largely
need to support accommodation of explosive data traffic, an epochal increase of
transmission rate per user, accommodation of the significantly increased number of
connection devices, very low end-to-end latency, and high energy efficiency. To this
end, various technologies have been researched, which include dual connectivity,
massive multiple input multiple output (MIMO), in-band full duplex, non-orthogonal
multiple access (NOMA), super wideband supporting, device networking, and the like.

[Disclosure]

[Technical Problem]

[4] An object of the present invention is to propose an efficient reflective QoS



10

15

20

25

procedure.
[5] Furthermore, an object of the present invention is to propose a timer
operation for counting a reflective QoS application-valid time in order to efficiently
operate a reflective QoS procedure.
[6] Technical objects to be achieved by the present invention are not limited to
the aforementioned objects, and those skilled in the art to which the present invention
pertains may evidently understand other technological objects from the following
description.

[Technical Solution]
[7] In an aspect of the present invention, a method for a user equipment (UE) to
perform reflective quality of service (QoS) in a wireless communication system may
include the steps of receiving a downlink packet from a network, wherein the
downlink packet is a packet to which the application of the reflective QoS is indicated,;
deriving a QoS rule based on the downlink packet; applying a QoS marking of the
downlink packet to an uplink packet using the QoS rule and transmitting the uplink
packet to the network; and restarting a timer associated with the QoS rule when the
downlink packet is received before the timer expires.
[8] Furthermore, the method of performing the reflective QoS may further include
the step of deleting the QoS rule when the timer expires.
[9] Furthermore, the method of performing the reflective QoS may further include
the step of starting the timer when the downlink packet is received after the timer
expires.
[10] Furthermore, a value of the timer may be previously determined in the
protocol data unit (PDU) session establishment procedure of the UE.

[11] Furthermore, if the network is an access network (AN), the AN may be a
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network node receiving reflective QoS indication indicative of the reflective QoS
application of the downlink packet and the QoS marking through an encapsulation
header on an N3 reference point from a user plane function.

[12] Furthermore, the QoS marking may correspond to an identifier of a QoS flow
of the downlink packet.

[13] Furthermore, the QoS rule may be used to determine a mapping relation
between the uplink packet and the QoS flow.

[14] Furthermore, the QoS rule may include a packet filter derived from the
downlink packet, the QoS marking of the downlink packet, and a precedence value
used to determine the evaluation order of the uplink packet.

[15] Furthermore, the packet filter may be derived from a header of the downlink
packet.

[16] Furthermore, the step of applying the QoS marking of the downlink packet to
the uplink packet using the QoS rule and transmitting the uplink packet to the
network may include the steps of filtering an uplink packet matched with the packet
filter included in the QoS rule by evaluating a plurality of uplink packets in the order of
the precedence value; and applying the QoS marking included in the QoS rule to the
filtered uplink packet and transmitting the filtered uplink packet to the network.

[17] Furthermore, the step of deriving the QoS rule based on the downlink packet
may include the steps of checking whether the QoS rule associated with the downlink
packet is present; and deriving the QoS rule based on the downlink packet if the QoS
rule associated with the downlink packet is not present and starting the timer.

[18] Furthermore, the QoS rule derived according to the reflective QoS application
may have lower priority than an explicitly signaled QoS rule.

[19] Furthermore, the application of the reflective QoS may be deactivated
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through a user plane or a control plane.
[20] Furthermore, a user equipment (UE) for performing reflective quality of
service (QoS) in a wireless communication system according to another embodiment
of the present invention may include a communication module configured to
transmit/receive a signal; and a processor configured to control the communication
module, wherein the processor may receive downlink packet from a network, the
downlink packet being a packet to which the application of the reflective QoS is
indicated, may derive a QoS rule based on the downlink packet, may apply a QoS
marking of the downlink packet to an uplink packet using the QoS rule and transmit
the uplink packet to the network, and may restart a timer associated with the QoS
rule when the downlink packet is received before the timer expires.
[21] Furthermore, the processor may delete the QoS rule when the timer expires.
[22] Furthermore, the QoS rule may include a packet filter derived from the
downlink packet, the QoS marking of the downlink packet, and a precedence value
used to determine the evaluation order of the uplink packet.

[Advantageous Effects]
[23] In accordance with an embodiment of the present invention, there are effects
in that signaling overhead for QoS marking is reduced and a QoS procedure is
simplified by applying a reflective QoS.
[24] Furthermore, in accordance with an embodiment of the present invention,
there is an effect in that a burden of a UE which may occur because a unnecessary
QoS rule is consistently managed/stored can be significantly reduced because a UE
deletes a reflective QoS whose timer has expired in real time by applying a reflective
QoS timer.

[25] Furthermore, in accordance with an embodiment of the present invention,
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there are effects in that signaling overhead is reduced and a timer operation
procedure is simplified because a separate indicator for starting/restarting a timer
does not need to be signaled.
[26]  Technical effects of the present invention are not limited to the technical
effects described above, and those skilled in the art may understand other technical
effects not mentioned herein from the following description.

[Description of Drawings]
[27]  The accompanying drawings, which are included to provide a further
understanding of the invention as a part of detailed descriptions, illustrate
embodiments of the invention and together with the descriptions, serve to explain the
technical principles of the invention.
[28] FIG. 1 illustrates an Evolved Packet System (EPS) to which the present
invention can be applied.
[29] FIG. 2 illustrates one example of an Evolved Universal Terrestrial Radio
Access Network (E-UTRAN) to which the present invention can be applied.
[30] FIG. 3 illustrates structures of an E-UTRAN and an EPC in a wireless
communication system to which the present invention may be applied.
[31] FIG. 4 illustrates a radio interface protocol structure between a UE and an E-
UTRAN in a wireless communication system to which the present invention may be
applied.
[32] FIG. 5 is a diagram illustrating in brief the structure of a physical channel in a
wireless communication system to which the present invention may be applied.
[33] FIG. 6 is a diagram illustrating 5G system architecture using a reference
point representation.

[34] FIG. 7 is a diagram illustrating 5G system architecture using a service-based
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representation.

[35] FIG. 8 illustrates NG-RAN architecture to which the present invention may be
applied.

[36] FIG. 9 is a diagram illustrating a radio protocol stack to which the present
invention may be applied.

[37] FIG. 10 illustrates RM state models to which the present invention may be
applied.

[38] FIG. 11 illustrates CM state models to which the present invention may be
applied.

[39] FIG. 12 illustrates classification and user plane marking for a QoS flow and
the mapping of a QoS flow to AN resources according to an embodiment of the
present invention.

[40] FIG. 13 is a diagram illustrating 5G system architecture to which the present
invention may be applied.

[41] FIG. 14 illustrates a QoS flow mapping method for uplink traffic of a UE to
which the present invention may be applied.

[42] FIG. 15 is a flowchart illustrating a method of determining whether reflective
QoS will be used and a reflective QoS indication method in a process of setting up a
PDU session according to an embodiment of the present invention.

[43] FIG. 16 is a flowchart illustrating a reflective QoS indication method
according to a method 1 of the present invention.

[44] FIG. 17 is a flowchart illustrating a reflective QoS indication method
according to a method 2 of the present invention.

[45] FIG. 18 is a flowchart illustrating a method of recovering reflective QoS-

related information if the reflective QoS-related information is lost while the method 2
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is applied.
[46] FIG. 19 is a flowchart illustrating a reflective QoS procedure according to an
embodiment of the present invention.
[47] FIG. 20 shows a block diagram of a communication apparatus according to
an embodiment of the present invention.
[48] FIG. 21 shows a block diagram of a communication apparatus according to
an embodiment of the present invention.

[Mode for Invention]
[49] In what follows, preferred embodiments according to the present invention
will be described in detail with reference to appended drawings. The detailed
descriptions provided below together with appended drawings are intended only to
explain illustrative embodiments of the present invention, which should not be
regarded as the sole embodiments of the present invention. The detailed descriptions
below include specific information to provide complete understanding of the present
invention. However, those skilled in the art will be able to comprehend that the
present invention can be embodied without the specific information.
[50] For some cases, to avoid obscuring the technical principles of the present
invention, structures and devices well-known to the public can be omitted or can be
illustrated in the form of block diagrams utilizing fundamental functions of the
structures and the devices.
[51] A base station in this document is regarded as a terminal node of a network,
which performs communication directly with a UE. In this document, particular
operations regarded to be performed by the base station may be performed by a
upper node of the base station depending on situations. In other words, it is apparent

that in a network consisting of a plurality of network nodes including a base station,
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various operations performed for communication with a UE can be performed by the
base station or by network nodes other than the base station. The term Base Station
(BS) can be replaced with a fixed station, Node B, evolved-NodeB (eNB), Base
Transceiver System (BTS), or Access Point (AP). Also, a terminal can be fixed or
mobile; and the term can be replaced with User Equipment (UE), Mobile Station (MS),
User Terminal (UT), Mobile Subscriber Station (MSS), Subscriber Station (SS),
Advanced Mobile Station (AMS), Wireless Terminal (WT), Machine-Type
Communication (MTC) device, Machine-to-Machine (M2M) device, or Device-to-
Device (D2D) device.

[52] In what follows, downlink (DL) refers to communication from a base station to
a terminal, while uplink (UL) refers to communication from a terminal to a base
station. In downlink transmission, a transmitter can be part of the base station, and a
receiver can be part of the terminal. Similarly, in uplink transmission, a transmitter
can be part of the terminal, and a receiver can be part of the base station.

[53] Specific terms used in the following descriptions are introduced to help
understanding the present invention, and the specific terms can be used in different
ways as long as it does not leave the technical scope of the present invention.

[54] The technology described below can be used for various types of wireless
access systems based on Code Division Multiple Access (CDMA), Frequency
Division Multiple Access (FDMA), Time Division Multiple Access (TDMA), Orthogonal
Frequency Division Multiple Access (OFDMA), Single Carrier Frequency Division
Multiple Access (SC-FDMA), or Non-Orthogonal Multiple Access (NOMA). CDMA can
be implemented by such radio technology as Universal Terrestrial Radio Access
(UTRA) or CDMA2000. TDMA can be implemented by such radio technology as

Global System for Mobile communications (GSM), General Packet Radio Service
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(GPRS), or Enhanced Data rates for GSM Evolution (EDGE). OFDMA can be
implemented by such radio technology as the IEEE 802.11 (Wi-Fi), the IEEE 802.16
(WIMAX), the IEEE 802-20, or Evolved UTRA (E-UTRA). UTRA is part of the
Universal Mobile Telecommunications System (UMTS). The 3rd Generation
Partnership Project (3GPP) Long Term Evolution (LTE) is part of the Evolved UMTS
(E-UMTS) which uses the E-UTRA, employing OFDMA for downlink and SC-FDMA
for uplink transmission. The LTE-A (Advanced) is an evolved version of the 3GPP
LTE system.

[55] Embodiments of the present invention can be supported by standard
documents disclosed in at least one of wireless access systems including the IEEE
802, 3GPP, and 3GPP2 specifications. In other words, among the embodiments of
the present invention, those steps or parts omitted for the purpose of clearly
describing technical principles of the present invention can be supported by the
documents above. Also, all of the terms disclosed in this document can be explained
with reference to the standard documents.

[56] To clarify the descriptions, this document is based on the 3GPP LTE/LTE-A,
but the technical features of the present invention are not limited to the current
descriptions.

[57] Terms used in this document are defined as follows.

[58] - Universal Mobile Telecommunication System (UMTS): the 3rd generation
mobile communication technology based on GSM, developed by the 3GPP

[59] - Evolved Packet System (EPS): a network system comprising an Evolved
Packet Core (EPC), a packet switched core network based on the Internet Protocol
(IP) and an access network such as the LTE and UTRAN. The EPS is a network

evolved from the UMTS.
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[60] - NodeB: the base station of the UMTS network. NodeB is installed outside
and provides coverage of a macro cell.

[61] - eNodeB: the base station of the EPS network. eNodeB is installed outside
and provides coverage of a macro cell.

[62] - User Equipment (UE): A UE can be called a terminal, Mobile Equipment
(ME), or Mobile Station (MS). A UE can be a portable device such as a notebook
computer, mobile phone, Personal Digital Assistant (PDA), smart phone, or a
multimedia device; or a fixed device such as a Personal Computer (PC) or vehicle-
mounted device. The term UE may refer to an MTC terminal in the description related
to MTC.

[63] - IP Multimedia Subsystem (IMS): a sub-system providing multimedia
services based on the IP

[64] - International Mobile Subscriber Identity (IMSI): a globally unique subscriber
identifier assigned in a mobile communication network

[65] - Machine Type Communication (MTC): communication performed by
machines without human intervention. It may be called Machine-to-Machine (M2M)
communication.

[66] - MTC terminal (MTC UE or MTC device or MRT apparatus): a terminal (e.qg.,
a vending machine, meter, and so on) equipped with a communication function (e.g.,
communication with an MTC server through PLMN) operating through a mobile
communication network and performing the MTC functions.

[67] - MTC server: a server on a network managing MTC terminals. It can be
installed inside or outside a mobile communication network. It can provide an
interface through which an MTC user can access the server. Also, an MTC server

can provide MTC-related services to other servers (in the form of Services Capability
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Server (SCS)) or the MTC server itself can be an MTC Application Server.

[68] - (MTC) application: services (to which MTC is applied) (for example, remote
metering, traffic movement tracking, weather observation sensors, and so on)

[69] - (MTC) Application Server: a server on a network in which (MTC)
applications are performed

[70] - MTC feature: a function of a network to support MTC applications. For
example, MTC monitoring is a feature intended to prepare for loss of a device in an
MTC application such as remote metering, and low mobility is a feature intended for
an MTC application with respect to an MTC terminal such as a vending machine.

[71] - MTC user: an MTC user uses a service provided by an MTC server.

[72] - MTC subscriber: an entity having a connection relationship with a network
operator and providing services to one or more MTC terminals.

[73] - MTC group: an MTC group shares at least one or more MTC features and
denotes a group of MTC terminals belonging to MTC subscribers.

[74] - Services Capability Server (SCS): an entity being connected to the 3GPP
network and used for communicating with an MTC InterWorking Function (MTC-IWF)
on a Home PLMN (HPLMN) and an MTC terminal. The SCS provides the capability
for a use by one or more MTC applications.

[75] - External identifier: a globally unique identifier used by an external entity (for
example, an SCS or an Application Server) of the 3GPP network to indicate (or
identify) an MTC terminal (or a subscriber to which the MTC terminal belongs). An
external identifier comprises a domain identifier and a local identifier as described
below.

[76] - Domain identifier: an identifier used for identifying a domain in the control

region of a mobile communication network service provider. A service provider can



10

15

20

25

12

use a separate domain identifier for each service to provide an access to a different
service.

[77] - Local identifier: an identifier used for deriving or obtaining an International
Mobile Subscriber Identity (IMSI). A local identifier should be unique within an
application domain and is managed by a mobile communication network service
provider.

[78] - Radio Access Network (RAN): a unit including a Node B, a Radio Network
Controller (RNC) controlling the Node B, and an eNodeB in the 3GPP network. The
RAN is defined at the terminal level and provides a connection to a core network.

[79] - Home Location Register (HLR)/Home Subscriber Server (HSS): a database
provisioning subscriber information within the 3GPP network. An HSS can perform
functions of configuration storage, identity management, user state storage, and so
on.

[80] - RAN Application Part (RANAP): an interface between the RAN and a node
in charge of controlling a core network (in other words, a Mobility Management Entity
(MME)/Serving GPRS (General Packet Radio Service) Supporting Node
(SGSN)/Mobile Switching Center (MSC)).

[81] - Public Land Mobile Network (PLMN): a network formed to provide mobile
communication services to individuals. The PLMN can be formed separately for each
operator.

[82] - Non-Access Stratum (NAS): a functional layer for exchanging signals and
traffic messages between a terminal and a core network at the UMTS and EPS
protocol stack. The NAS is used primarily for supporting mobility of a terminal and a
session management procedure for establishing and maintaining an IP connection

between the terminal and a PDN GW.
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[83] - Service Capability Exposure Function (SCEF): an entity in 3GPP
architecture for the service capability exposure that provides a means for safely
exposing a service and a capability provided by 3GPP network interface.

[84] In what follows, the present invention will be described based on the terms
defined above.

[85]

[86] Overview of system to which the present invention can be applied

[87] FIG. 1 illustrates an Evolved Packet System (EPS) to which the present
invention can be applied.

[88] The network structure of FIG. 1 is a simplified diagram restructured from an
Evolved Packet System (EPS) including Evolved Packet Core (EPC).

[89] The EPC is a main component of the System Architecture Evolution (SAE)
intended for improving performance of the 3GPP technologies. SAE is a research
project for determining a network structure supporting mobility between multiple
heterogeneous networks. For example, SAE is intended to provide an optimized
packet-based system which supports various IP-based wireless access technologies,
provides much more improved data transmission capability, and so on.

[90] More specifically, the EPC is the core network of an IP-based mobile
communication system for the 3GPP LTE system and capable of supporting packet-
based real-time and non-real time services. In the existing mobile communication
systems (namely, in the 2nd or 3rd mobile communication system), functions of the
core network have been implemented through two separate sub-domains: a Circuit-
Switched (CS) sub-domain for voice and a Packet-Switched (PS) sub-domain for
data. However, in the 3GPP LTE system, an evolution from the 3rd mobile

communication system, the CS and PS sub-domains have been unified into a single
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IP domain. In other words, in the 3GPP LTE system, connection between UEs having
IP capabilities can be established through an IP-based base station (for example,
eNodeB), EPC, and application domain (for example, IMS). In other words, the EPC
provides the architecture essential for implementing end-to-end IP services.

[91] The EPC comprises various components, where FIG. 1 illustrates part of the
EPC components, including a Serving Gateway (SGW or S-GW), Packet Data
Network Gateway (PDN GW or PGW or P-GW), Mobility Management Entity (MME),
Serving GPRS Supporting Node (SGSN), and enhanced Packet Data Gateway
(ePDG).

[92] The SGW operates as a boundary point between the Radio Access Network
(RAN) and the core network and maintains a data path between the eNodeB and the
PDN GW. Also, in case the UE moves across serving areas by the eNodeB, the SGW
acts as an anchor point for local mobility. In other words, packets can be routed
through the SGW to ensure mobility within the E-UTRAN (Evolved-UMTS (Universal
Mobile Telecommunications System) Terrestrial Radio Access Network defined for
the subsequent versions of the 3GPP release 8). Also, the SGW may act as an
anchor point for mobility between the E-UTRAN and other 3GPP networks (the RAN
defined before the 3GPP release 8, for example, UTRAN or GERAN (GSM (Global
System for Mobile Communication)/EDGE (Enhanced Data rates for Global Evolution)
Radio Access Network).

[93] The PDN GW corresponds to a termination point of a data interface to a
packet data network. The PDN GW can support policy enforcement features, packet
filtering, charging support, and so on. Also, the PDN GW can act as an anchor point
for mobility management between the 3GPP network and non-3GPP networks (for

example, an unreliable network such as the Interworking Wireless Local Area
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Network (I-WLAN) or reliable networks such as the Code Division Multiple Access
(CDMA) network and Wimax).

[94] In the example of a network structure as shown in FIG. 1, the SGW and the
PDN GW are treated as separate gateways; however, the two gateways can be
implemented according to single gateway configuration option.

[95] The MME performs signaling for the UE’s access to the network, supporting
allocation, tracking, paging, roaming, handover of network resources, and so on; and
control functions. The MME controls control plane functions related to subscribers
and session management. The MME manages a plurality of eNodeBs and performs
signaling of the conventional gateway’s selection for handover to other 2G/3G
networks. Also, the MME performs such functions as security procedures, terminal-
to-network session handling, idle terminal location management, and so on.

[96] The SGSN deals with all kinds of packet data including the packet data for
mobility management and authentication of the user with respect to other 3GPP
networks (for example, the GPRS network).

[97] The ePDG acts as a security node with respect to an unreliable, non-3GPP
network (for example, I-WLAN, WiFi hotspot, and so on).

[98] As described with respect to FIG. 1, a UE with the IP capability can access
the IP service network (for example, the IMS) that a service provider (namely, an
operator) provides, via various components within the EPC based not only on the
3GPP access but also on the non-3GPP access.

[99] Also, FIG. 1 illustrates various reference points (for example, S1-U, S1-MME,
and so on). The 3GPP system defines a reference point as a conceptual link which
connects two functions defined in disparate functional entities of the E-UTAN and the

EPC. Table 1 below summarizes reference points shown in FIG. 1. In addition to the
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examples of FIG. 1, various other reference points can be defined according to
network structures.

[100] [Table 1]
Reference

_ Description
point

Reference point for the control plane protocol between E-UTRAN and
MME
Reference point between E-UTRAN and Serving GW for the per bearer

S1-MME

S1-U
user plane tunneling and inter eNodeB path switching during handover

It enables user and bearer information exchange for inter 3GPP access
S3 network mobility in idle and/or active state. This reference point can be
used intra-PLMN or inter-PLMN (e.qg. in the case of Inter-PLMN HO).

It provides related control and mobility support between GPRS core and
S4 the 3GPP anchor function of Serving GW. In addition, if direct tunnel is
not established, it provides the user plane tunneling.

It provides user plane tunneling and tunnel management between
S5 Serving GW and PDN GW. It is used for Serving GW relocation due to
UE mobility if the Serving GW needs to connect to a non-collocated PDN

GW for the required PDN connectivity.

S11 Reference point for the control plane protocol between MME and SGW

It is the reference point between the PDN GW and the packet data
network. Packet data network may be an operator external public or
SGi private packet data network or an intra-operator packet data network
(e.g., for provision of IMS services). This reference point corresponds to

Gi for 3GPP accesses.

[101] Among the reference points shown in FIG. 1, S2a and S2b corresponds to
non-3GPP interfaces. S2a is a reference point which provides reliable, non-3GPP
access, related control between PDN GWs, and mobility resources to the user plane.
S2b is a reference point which provides related control and mobility resources to the
user plane between ePDG and PDN GW.

[102] FIG. 2 illustrates one example of an Evolved Universal Terrestrial Radio
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Access Network (E-UTRAN) to which the present invention can be applied.

[103] The E-UTRAN system has evolved from an existing UTRAN system and may
be the 3GPP LTE/LTE-A system, for example. A communication system is disposed
over a wide area to provide various communication services including voice
communication through IMS and packet data (for example, VoIP (Voice over Internet
Protocol)).

[104] Referring to FIG. 2, an E-UMTS network comprises an E-UTRAN, EPC, and
one or more UEs. The E-UTRAN comprises eNBs providing a UE with a control
plane and user plane protocols, where the eNBs are connected to each other through
X2 interface.

[105] The X2 user plane interface (X2-U) is defined among the eNBs. The X2-U
interface provides non-guaranteed delivery of the user plane Protocol Data Unit
(PDU). The X2 control plane interface (X2-CP) is defined between two neighboring
eNBs. The X2-CP performs the functions of context delivery between eNBs, control
of user plane tunnel between a source eNB and a target eNB, delivery of handover-
related messages, uplink load management, and so on.

[106] The eNB is connected to the UE through a radio interface and is connected
to the Evolved Packet Core (EPC) through the S1 interface.

[107] The S1 user plane interface (S1-U) is defined between the eNB and the
Serving Gateway (S-GW). The S1 control plane interface (S1-MME) is defined
between the eNB and the Mobility Management Entity (MME). The S1 interface
performs the functions of EPS bearer service management, NAS signaling transport,
network sharing, MME load balancing management, and so on. The S1 interface
supports many-to-many-relation between the eNB and the MME/S-GW.

[108] An MME is capable of performing various functions such as NAS signaling
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security, AS (Access Stratum) security control, inter-CN (Core Network) signaling for
supporting mobility among 3GPP access networks, IDLE mode UE reachability
(including performing and controlling retransmission of a paging message), TAIl
(Tracking Area Identity) management (for IDLE and active mode UEs), PDN GW and
SGW selection, MME selection for handover in which MMEs are changed, SGSN
selection for handover to a 2G or 3G 3GPP access network, roaming, authentication,
bearer management function including dedicated bearer establishment, and support
for transmission of a PWS (Public Warning System) (including Earthquake and
Tsunami Warning System (ETWS) and Commercial Mobile Alert System (CMAS))
message.

[109] FIG. 3 illustrates structures of an E-UTRAN and an EPC in a wireless
communication system to which the present invention may be applied.

[110] Referring to FIG. 3, an eNB is capable of performing functions such as
selection of a gateway (for example, MME), routing to a gateway during RRC (Radio
Resource Control) activation, scheduling and transmission of a BCH (Broadcast
Channel), dynamic resource allocation for a UE in uplink and downlink transmission,
and mobility control connection in an LTE_ACTIVE state. As described above, a
gateway belonging to an EPC is capable of performing functions such as paging
origination, LTE_IDLE state management, ciphering of a user plane, SAE (System
Architecture Evolution) bearer control, and ciphering of NAS signaling and integrity
protection.

[111] FIG. 4 illustrates a radio interface protocol structure between a UE and an E-
UTRAN in a wireless communication system to which the present invention can be
applied.

[112] FIG. 4(a) illustrates a radio protocol structure for the control plane, and FIG.
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4(b) illustrates a radio protocol structure for the user plane.

[113] With reference to FIG. 4, layers of the radio interface protocol between the
UE and the E-UTRAN can be divided into a first layer (L1), a second layer (L2), and a
third layer (L3) based on the lower three layers of the Open System Interconnection
(OSI) model, widely known in the technical field of communication systems. The radio
interface protocol between the UE and the E-UTRAN consists of the physical layer,
data link layer, and network layer in the horizontal direction, while in the vertical
direction, the radio interface protocol consists of the user plane, which is a protocol
stack for delivery of data information, and the control plane, which is a protocol stack
for delivery of control signals.

[114] The control plane acts as a path through which control messages used for
the UE and the network to manage calls are transmitted. The user plane refers to the
path through which the data generated in the application layer, for example, voice
data, Internet packet data, and so on are transmitted. In what follows, described will
be each layer of the control and the user plane of the radio protocol.

[115] The physical layer (PHY), which is the first layer (L1), provides information
transfer service to upper layers by using a physical channel. The physical layer is
connected to the Medium Access Control (MAC) layer located at the upper level
through a transport channel through which data are transmitted between the MAC
layer and the physical layer. Transport channels are classified according to how and
with which features data are transmitted through the radio interface. And data are
transmitted through the physical channel between different physical layers and
between the physical layer of a transmitter and the physical layer of a receiver. The
physical layer is modulated according to the Orthogonal Frequency Division

Multiplexing (OFDM) scheme and employs time and frequency as radio resources.
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[116] A few physical control channels are used in the physical layer. The Physical
Downlink Control Channel (PDCCH) informs the UE of resource allocation of the
Paging Channel (PCH) and the Downlink Shared Channel (DL-SCH); and Hybrid
Automatic Repeat reQuest (HARQ) information related to the Uplink Shared Channel
(UL-SCH). Also, the PDCCH can carry a UL grant used for informing the UE of
resource allocation of uplink transmission. The Physical Control Format Indicator
Channel (PCFICH) informs the UE of the number of OFDM symbols used by
PDCCHs and is transmitted at each subframe. The Physical HARQ Indicator Channel
(PHICH) carries a HARQ ACK (ACKnowledge)/NACK (Non-ACKnowledge) signal in
response to uplink transmission. The Physical Uplink Control Channel (PUCCH)
carries uplink control information such as HARQ ACK/NACK with respect to downlink
transmission, scheduling request, Channel Quality Indicator (CQI), and so on. The
Physical Uplink Shared Channel (PUSCH) carries the UL-SCH.

[117] The MAC layer of the second layer (L2) provides a service to the Radio Link
Control (RLC) layer, which is an upper layer thereof, through a logical channel. Also,
the MAC layer provides a function of mapping between a logical channel and a
transport channel; and multiplexing/demultiplexing a MAC Service Data Unit (SDU)
belonging to the logical channel to the transport block, which is provided to a physical
channel on the transport channel.

[118] The RLC layer of the second layer (L2) supports reliable data transmission.
The function of the RLC layer includes concatenation, segmentation, reassembly of
the RLC SDU, and so on. To satisfy varying Quality of Service (QoS) requested by a
Radio Bearer (RB), the RLC layer provides three operation modes: Transparent
Mode (TM), Unacknowledged Mode (UM), and Acknowledge Mode (AM). The AM

RLC provides error correction through Automatic Repeat reQuest (ARQ). Meanwhile,
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in case the MAC layer performs the RLC function, the RLC layer can be incorporated
into the MAC layer as a functional block.

[119] The Packet Data Convergence Protocol (PDCP) layer of the second layer (L2)
performs the function of delivering, header compression, ciphering of user data in the
user plane, and so on. Header compression refers to the function of reducing the size
of the Internet Protocol (IP) packet header which is relatively large and includes
unnecessary control to efficiently transmit IP packets such as the IPv4 (Internet
Protocol version 4) or IPv6 (Internet Protocol version 6) packets through a radio
interface with narrow bandwidth. The function of the PDCP layer in the control plane
includes delivering control plane data and ciphering/integrity protection.

[120] The Radio Resource Control (RRC) layer in the lowest part of the third layer
(L3) is defined only in the control plane. The RRC layer performs the role of
controlling radio resources between the UE and the network. To this purpose, the UE
and the network exchange RRC messages through the RRC layer. The RRC layer
controls a logical channel, transport channel, and physical channel with respect to
configuration, re-configuration, and release of radio bearers. A radio bearer refers to
a logical path that the second layer (L2) provides for data transmission between the
UE and the network. Configuring a radio bearer indicates that characteristics of a
radio protocol layer and channel are defined to provide specific services; and each
individual parameter and operating methods thereof are determined. Radio bearers
can be divided into Signaling Radio Bearers (SRBs) and Data RBs (DRBs). An SRB
is used as a path for transmitting an RRC message in the control plane, while a DRB
is used as a path for transmitting user data in the user plane.

[121] The Non-Access Stratum (NAS) layer in the upper of the RRC layer performs

the function of session management, mobility management, and so on.
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[122] A cell constituting the base station is set to one of 1.25, 2.5, 5, 10, and 20
MHz bandwidth, providing downlink or uplink transmission services to a plurality of
UEs. Different cells can be set to different bandwidths.

[123] Downlink transport channels transmitting data from a network to a UE include
a Broadcast Channel (BCH) transmitting system information, PCH transmitting
paging messages, DL-SCH transmitting user traffic or control messages, and so on.
Traffic or a control message of a downlink multi-cast or broadcast service can be
transmitted through the DL-SCH or through a separate downlink Multicast Channel
(MCH). Meanwhile, uplink transport channels transmitting data from a UE to a
network include a Random Access Channel (RACH) transmitting the initial control
message and a Uplink Shared Channel (UL-SCH) transmitting user traffic or control
messages.

[124] A logical channel lies above a transmission channel and is mapped to the
transmission channel. The logical channel may be divided into a control channel for
delivering control area information and a traffic channel for delivering user area
information. The control channel may include a BCCH (Broadcast Control Channel),
PCCH (Paging Control Channel), CCCH (Common Control Channel), DCCH
(Dedicated Control Channel), and MCCH (Multicast Control Channel). The traffic
channel may include a DTCH (Dedicated Traffic Channel) and MTCH (Multicast
Traffic Channel). The PCCH is a downlink channel for delivering paging information
and is used when a network does not know the cell to which a UE belongs. The
CCCH is used by a UE that does not have an RRC connection to a network. The
MCCH is a point-to-multipoint downlink channel used for delivering MBMS
(Multimedia Broadcast and Multicast Service) control information from a network to a

UE. The DCCH is a point-to-point bi-directional channel used by a UE with an RRC
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connection delivering dedicated control information between a UE and a network.
The DTCH is a point-to-point channel dedicated to one UE for delivering user
information that may exist in an uplink and downlink. The MTCH is a point-to-
multipoint downlink channel for delivering traffic data from a network to a UE.

[125] Inthe case of an uplink connection between a logical channel and a transport
channel, the DCCH may be mapped to a UL-SCH, and the DTCH may be mapped to
a UL-SCH, and the CCCH may be mapped to a UL-SCH. In the case of a downlink
connection between a logical channel and a transport channel, the BCCH may be
mapped to a BCH or DL-SCH, the PCCH may be mapped to a PCH, the DCCH may
be mapped to a DL-SCH, the DTCH may be mapped to a DL-SCH, the MCCH may
be mapped to an MCH, and the MTCH may be mapped to the MCH.

[126] FIG. 5 is a diagram illustrating in brief the structure of a physical channel in a
wireless communication system to which the present invention may be applied.

[127] Referring to FIG. 5, a physical channel transfers signaling and data through
radio resources including one or more subcarriers in a frequency domain and one or
more symbols in a time domain.

[128] One subframe having a length of 1.0 ms includes a plurality of symbols. A
specific symbol(s) of the subframe (e.g., the first symbol of the subframe) may be
used for a PDCCH. The PDCCH carries information (e.g., a resource block and
modulation and coding scheme (MCS) and so on) about dynamically allocated
resources.

[129]

[130] New generation radio access network (NG-RAN) (or RAN) system

[131] Terms used in a new generation radio access network may be defined as

follows.
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[132] - Evolved packet system (EPS): a network system including an evolved
packet core (EPC), that is, an Internet protocol (IP)-based packet switched core
network, and an access to network such as LTE or UTRAN. A network is an
evolved network form of universal mobile telecommunications system (UMTS).

[133] - eNodeB: an eNB of an EPS network. It is disposed outdoors and has
coverage of a macro cell volume.

[134] - International Mobile Subscriber Identity (IMSI): a user identity internationally
uniquely allocated in a mobile communication network.

[135] - Public Land Mobile Network (PLMN): a network configured to provide
persons with a mobile communication service. It may be differently configured for
each operator.

[136] - 5G system (5GS): a system including a 5G access network (AN), a 5G core
network and a user equipment (UE).

[137] - 5G access network (5G-AN) (or AN): an access network including a new
generation radio access network (NG-RAN) and/or a non-3GPP access network
(non-3GPP AN) connected to a 5G core network.

[138] - New generation radio access network (NG-RAN) (or RAN): a radio access
network having a common characteristic in that it is connected to 5GC and
supporting one or more of the following options:

[139] 1) Standalone new radio.

[140] 2) New radio, that is, an anchor supporting an E-UTRA extension.

[141] 3) Standalone E-UTRA (e.g., eNodeB).

[142] 4) Anchor supporting a new radio extension

[143] - 5G core network (5GC): a core network connected to a 5G access network

[144] - Network function (NF): it means a processing function adopted in 3GPP
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within a network or defined in 3GPP. The processing function includes a defined
functional behavior and an interface defined in 3GPP.

[145] - NF service: it is a (consumed) function exposed by an NF through a
service-based interface and used by another authenticated NF(s).

[146] - Network slice: a logical network providing a specific network capability(s)
and network characteristic(s).

[147] - Network slice instance: a set of NF instance(s) forming a network slice and
required resource(s) (e.g., calculation, storage and networking resources)

[148] - Protocol data unit (PDU) connectivity service: a service providing the
exchange of PDU(s) between a UE and a data network.

[149] - PDU session: an association providing PDU connectivity service between a
UE and a data network. An association type may be an Internet protocol (IP) or
Ethernet or may be unstructured.

[150] - Non-access stratum (NAS): a functional layer for exchanging signaling or
traffic messages between a UE and a core network in an EPS, 5GS protocol stack.
It has a main function of supporting the mobility of a UE and supporting a session
management procedure.

[151]

[152] 5G system architecture to which the present invention may be applied

[153] A 5G system is a technology advanced from the 4" generation LTE mobile
communication technology and a new radio access technology (RAT) through the
evolution of the existing mobile communication network structure or a clean-state
structure and an extended technology of long term evolution (LTE), and it supports
extended LTE (eLTE), non-3GPP (e.g., WLAN) access and so on.

[154] A 5G system is defined based on a service, and an interaction between
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network functions (NFs) within architecture for a 5G system may be expressed by
two methods as follows.

[155] - Reference point representation (FIG. 6): indicates an interaction between
NF services within NFs described by a point-to-point reference point (e.g., N11)
between two NFs (e.g., AMF and SMF).

[156] - Service-based representation (FIG. 7): network functions (e.g., AMFS)
within a control plane (CP) permit other authenticated network functions to access its
own service. If this representation is necessary, it also includes a point-to-point
reference point.

[157]

[158] FIG. 6 is a diagram illustrating 5G system architecture using a reference
point representation.

[159] Referring to FIG. 6, the 5G system architecture may include various elements
(i.e., a network function (NF)). This drawing illustrates an authentication server
function (AUSF), a (core) access and mobility management function (AMF), a
session management function (SMF), a policy control function (PCF), an application
function (AF), united data management (UDM), a data network (DN), a user plane
function (UPF), a (radio) access network ((R)AN) and a user equipment (UE)
corresponding to some of the various elements.

[160] Each of the NFs supports the following functions.

[161] - AUSF stores data for the authentication of a UE.

[162] - AMF provides a function for access of a UE unit and mobility management
and may be basically connected to one AMF per one UE.

[163]  Specifically, the AMF supports functions, such as signaling between CN

nodes for mobility between 3GPP access networks, the termination of a radio access
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network (RAN) CP interface (i.e., N2 interface), the termination (N1) of NAS signaling,
NAS signaling security (NAS ciphering and integrity protection), AS security control,
registration area management, connection management, idle mode UE reachability
(including control and execution of paging retransmission), mobility management
control (subscription and policy), intra-system mobility and inter-system mobility
support, the support of network slicing, SMF selection, lawful interception (for an
AMF event and an interface to an LI system), the provision of transfer of a session
management (SM) message between a UE and an SMF, a transparent proxy for SM
message routing, access authentication, access authorization including a roaming
right check, the provision of transfer of an SMS message between a UE and an
SMSF, a security anchor function (SEA) and/or security context management (SCM).
[164] Some or all of the functions of the AMF may be supported within a single
instance of one AMF.

[165] - DN means an operator service, Internet access or a 3" party service, for
example. The DN transmits a downlink protocol data unit (PDU) to an UPF or
receives a PDU, transmitted by a UE, from a UPF.

[166] - PCF provides a function for receiving information about a packet flow from
an application server and determining a policy, such as mobility management and
session management. Specifically, the PCF supports functions, such as the support
of a unified policy framework for controlling a network behavior, the provision of a
policy rule so that a CP function(s) (e.g., AMF or SMF) can execute a policy rule, and
the implementation of a front end for accessing related subscription information in
order to determine a policy within user data repository (UDR).

[167] - SMF provides a session management function and may be managed by a

different SMF for each session if a UE has a plurality of sessions.
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[168] Specifically, the SMF supports functions, such as session management (e.g.,
session setup, modification and release including the maintenance of a tunnel
between a UPF and an AN node), UE IP address allocation and management
(optionally including authentication), the selection and control of the UP function, a
traffic steering configuration for routing traffic from the UPF to a proper destination,
the termination of an interface toward policy control functions, the execution of the
control part of a policy and QoS, lawful interception (for an SM event and an
interface to an LI system), the termination of the SM part of an NAS message,
downlink data notification, the initiator of AN-specific SM information (transferred to
an AN through N2 via the AMF), the determination of an SSC mode of a session, and
a roaming function.

[169] Some or all of the functions of the SMF may be supported within a single
instance of one SMF.

[170] - UDM stores the subscription data of a user, policy data, etc. UDM
includes two parts, that is, an application front end (FE) and user data repository
(UDR).

[171] The FE includes a UDM FE responsible for the processing of location
management, subscription management and credential and a PCF responsible for
policy control. The UDR stores data required for functions provided by the UDM-FE
and a policy profile required by the PCF. Data stored within the UDR includes user
subscription data, including a subscription 1D, security credential, access and
mobility-related subscription data and session-related subscription data, and policy
data. The UDM-FE supports functions, such as access to subscription information
stored in the UDR, authentication credential processing, user identification handling,

access authentication, registration/mobility management, subscription management,
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and SMS management.

[172] - UPF transfers a downlink PDU, received from a DN, to a UE via an (R)AN
and transfers an uplink PDU, received from a UE, to a DN via an (R)AN.

[173] Specifically, the UPF supports functions, such as an anchor point for
intra/inter RAT mobility, the external PDU session point of interconnection to a data
network, packet routing and forwarding, a user plane part for the execution of packet
inspection and a policy rule, lawful interception, a traffic usage report, an uplink
classifier for supporting the routing of traffic flow of a data network, a branching point
for supporting a multi-home PDU session, QoS handling (e.g., the execution of
packet filtering, gating and an uplink/downlink rate) for a user plane, uplink traffic
verification (SDF mapping between a service data flow (SDF) and a QoS flow),
transport level packet marking within the uplink and downlink, downlink packet
buffering, and a downlink data notification triggering function. Some or all of the
functions of the UPF may be supported within a single instance of one UPF.

[174] - AF interoperates with a 3GPP core network in order to provide services
(e.g., support functions, such as an application influence on traffic routing, network
capability exposure access, an interaction with a policy framework for policy control).

[175] - (R)AN collectively refers to a new radio access network supporting all of
evolved E-UTRA (E-UTRA) and new radio (NR) access technologies (e.g., gNB), that
is, an advanced version of the 4G radio access technology.

[176] The gNB supports functions for radio resource management (i.e., radio
bearer control and radio admission control), connection mobility control, the dynamic
allocation (i.e., scheduling) of resources to a UE in the uplink/downlink, Internet
protocol (IP) header compression, the encryption and integrity protection of a user

data stream, the selection of an AMF upon attachment of a UE if routing to the AMF
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has not been determined based on information provided to the UE, the selection of
an AMF upon attachment of a UE, user plane data routing to an UPF(s), control
plane information routing to an AMF, connection setup and release, the scheduling
and transmission of a paging message (generated from an AMF), the scheduling and
transmission of system broadcast information (generated from an AMF or operation
and maintenance (O&M)), a measurement and measurement report configuration for
mobility and scheduling, transport level packet marking in the uplink, session
management, the support of network slicing, QoS flow management and mapping to
a data radio bearer, the support of a UE that is an inactive mode, the distribution
function of an NAS message, an NAS node selection function, radio access network
sharing, dual connectivity, and tight interworking between an NR and an E-UTRA.
[177] - UE means a user device. A user apparatus may be called a term, such as
a terminal, a mobile equipment (ME) or a mobile station (MS). Furthermore, the
user apparatus may be a portable device, such as a notebook, a mobile phone, a
personal digital assistant (PDA), a smartphone or a multimedia device, or may be a
device that cannot be carried, such as a personal computer (PC) or a vehicle-
mounted device.

[178] In the drawings, for the clarity of description, an unstructured data storage
network function (UDSF), a structured data storage network function (SDSF), a
network exposure function (NEF) and an NF repository function (NRF) are not shown,
but all of the NFs shown in this drawing may perform mutual operations along with
the UDSF, NEF and NRF, if necessary.

[179] - NEF provides means for safely exposing services and capabilities provided
by 3GPP network functions, for example, for a 3" party, internal exposure/re-

exposure, an application function, and edge computing. The NEF receives
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information from other network function(s) (based on the exposed capability(s) of
other network function(s)). The NEF may store information received as structured
data using a standardized interface as a data storage network function. The stored
information is re-exposed to other network function(s) and application function(s) by
the NEF and may be used for other purposes, such as analysis.

[180] - NRF supports a service discovery function. It receives an NF discovery
request from an NF instance and provides information of a discovered NF instance to
an NF instance. Furthermore, it maintains available NF instances and services
supported by the available NF instances.

[181] - SDSF is an optional function for supporting a function of storing and
retrieving information as structured data by any NEF.

[182] - UDSF is an optional function for supporting a function of storing and
retrieving information as unstructured data by any NF.

[183]

[184] Meanwhile, this drawing illustrates a reference model if a UE accesses one
DN using one PDU session, for convenience of description, but the present invention
is not limited thereto.

[185] A UE may access two (i.e., local and central) data networks at the same time
using multiple PDU sessions. In this case, for different PDU sessions, two SMFs
may be selected. In this case, each SMF may have the ability to control both a local
UPF and central UPF within a PDU session.

[186] Furthermore, a UE may access two (i.e., local and central) data networks
provided within one PDU session at the same time.

[187] In the 3GPP system, a conceptual link that connects NFs within the 5G

system is defined as a reference point. The following illustrates reference points
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included in 5G system architecture represented in this drawing.

[188]
[189]
[190]
[191]
[192]
[193]
[194]

[195]

- N1: a reference point between a UE and an AMF

- N2: a reference point between an (R)AN and an AMF

- N3: a reference point between an (R)AN and a UPF

- N4: a reference point between an SMF and a UPF

- N5: a reference point between a PCF and an AF

- N6: a reference point between a UPF and a data network
- N7: a reference point between an SMF and a PCF

- N24: a reference point between a PCF within a visited network and a PCF

within a home network

[196]
[197]
[198]
[199]
[200]

[201]

- N8: a reference point between a UDM and an AMF

- N9: a reference point between two core UPFs

- N10: a reference point between a UDM and an SMF

- N11: a reference point between an AMF and an SMF
- N12: a reference point between an AMF and an AUSF

- N13: a reference point between a UDM and an authentication server

function (AUSF)

[202]

[203]

- N14: a reference point between two AMFs

- N15: a reference point between a PCF and an AMF in the case of a non-

roaming scenario and a reference point between a PCF within a visited network and

an AMF in the case of a roaming scenario

[204]

- N16: a reference point between two SMFs (in the case of a roaming

scenario, a reference point between an SMF within a visited network and an SMF

within a home network)

[205]

- N17: a reference point between an AMF and an EIR
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[206] - N18: a reference point between any NF and an UDSF

[207] - N19: a reference point between an NEF and an SDSF

[208]

[209] FIG. 7 is a diagram illustrating 5G system architecture using a service-based
representation.

[210] A service-based interface illustrated in this drawing shows a set of services
provided/exposed by a specific NF. The service-based interface is used within a
control plane. The following illustrates service-based interfaces included in the 5G
system architecture represented as in this drawing.

[211] - Namf: a service-based interface exhibited by an AMF

[212] - Nsmf: a service-based interface exhibited by an SMF

[213] - Nnef: a service-based interface exhibited by an NEF

[214] - Npcf: a service-based interface exhibited by a PCF

[215] - Nudm: a service-based interface exhibited by a UDM

[216] - Naf: a service-based interface exhibited by an AF

[217] - Nnrf: a service-based interface exhibited by an NRF

[218] - Nausf: a service-based interface exhibited by an AUSF

[219]

[220] NF service is a kind of capability exposed to another NF (i.e., NF service
consumer) by an NF (i.e., NF service supplier) through a service-based interface.
The NF may expose one or more NF service(s). In order to define NF service, the
following criteria are applied:

[221] - NF services are derived from an information flow for describing an end-to-
end function.

[222] - A complete end-to-end message flow is described by the sequence of NF
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service invocation.

[223] - Two operations for NF(s) to provide their services through service-based
interfaces are as follows:

[224] 1) "Request-response”™: a control plane NF_B (i.e., NF service supplier)
receives a request to provide a specific NF service (including the execution of an
operation and/or the provision of information) from another control plane NF_A (i.e.,
NF service consumer). NF_B sends NF service results based on information
provided by NF_A within a request as a response.

[225] In order to satisfy a request, NF_B may alternately consume NF services
from other NF(s). In the request-response mechanism, communication is performed
in a one-to-one manner between two NFs (i.e., consumer and supplier).

[226] i) "subscribe-notify"

[227] A control plane NF_A (i.e., NF service consumer) subscribes to an NF
service provided by another control plane NF_B (i.e., NF service supplier). A
plurality of control plane NF(s) may subscribe to the same control plane NF service.
NF_B notifies interested NF(s) that have subscribed to NF services of the results of
the NF services. A subscription request from a consumer may include a notification
request for notification triggered through periodical update or a specific event (e.g.,
the change, specific threshold arrival, etc. of requested information). The
mechanism also includes a case where NF(s) (e.g., NF_B) implicitly subscribe to
specific notification without an explicit subscription request (e.g., due to a successful
registration procedure).

[228] FIG. 8 illustrates NG-RAN architecture to which the present invention may be
applied.

[229] Referring to FIG. 8, a new generation radio access network (NG-RAN)
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includes an NR NodeB (gNB)(s) and/or an eNodeB (eNB)(s) for providing the
termination of a user plane and control plane protocol toward a UE.

[230] An Xn interface is connected between gNBs and between a gNB(s) and an
eNB(s) connected to 5GC. The gNB(s) and the eNB(s) are also connected to 5GC
using an NG interface. More specifically, the gNB(s) and eNB(s) are also connected
to an AMF using an NG-C interface (i.e., N2 reference point), that is, a control plane
interface between an NG-RAN and 5GC and are connected to a UPF using an NG-U
interface (i.e., N3 reference point), that is, a user plane interface between an NG-
RAN and 5GC.

[231]

[232] Radio protocol architecture

[233] FIG. 9 is a diagram illustrating a radio protocol stack to which the present
invention may be applied. Specifically, FIG. 9(a) illustrates a radio interface user
plane protocol stack between a UE and a gNB, and FIG. 9(b) illustrates a radio
interface control plane protocol stack between the UE and the gNB.

[234] A control plane means a passage through which control messages are
transmitted in order for a UE and a network to manage a call. A user plane means a
passage through which data generated in an application layer, for example, voice
data or Internet packet data is transmitted.

[235] Referring to FIG. 9(a), the user plane protocol stack may be divided into a
first layer (Layer 1) (i.e., a physical layer (PHY) layer) and a second layer (Layer 2).
[236] Referring to FIG. 9(b), the control plane protocol stack may be divided into a
first layer (i.e., a PHY layer), a second layer, a third layer (i.e., a radio resource
control (RRC) layer) and a non-access stratum (NAS) layer.

[237] The second layer is divided into a medium access control (MAC) sublayer, a
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radio link control (RLC) sublayer, a packet data convergence protocol (PDC) sublayer,
and a service data adaptation protocol (SDAP) sublayer (in the case of a user plane).
[238] Radio bearers are classified into two groups: a data radio bearer (DRB) for
user plane data and a signaling radio bearer (SRB) for control plane data

[239] Hereinafter, the layers of the control plane and user plane of the radio
protocol are described.

[240] 1) The PHY layer, that is, the first layer, provides information transfer service
to a higher layer using a physical channel. The PHY layer is connected to the MAC
sublayer located in a high level through a transport channel. Data is transmitted
between the MAC sublayer and the PHY layer through a transport channel. The
transport channel is classified depending on how data is transmitted according to
which characteristics through a radio interface. Furthermore, data is transmitted
between different physical layers, that is, between the PHY layer of a transmission
stage and the PHY layer of a reception stage through a physical channel.

[241] 2) The MAC sublayer performs mapping between a logical channel and a
transport channel; the multiplexing/demultiplexing of an MAC service data unit (SDU)
belonging to one logical channel or different logical channels to/from a transport
block (TB) transferred to/from the PHY layer through a transport channel; a
scheduling information report; error correction through a hybrid automatic repeat
request (HARQ); priority handling between UEs using dynamic scheduling; priority
handling between the logical channels of one UE using logical channel priority; and
padding.

[242] Different types of data transfer service provided by the MAC sublayer. Each
logical channel type defines that information of which type is transferred.

[243] Logical channels are classified into two groups: a control channel and a
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traffic channel.

[244] 1) The control channel is used to transfer only control plane information and is
as follows.

[245] - Broadcast control channel (BCCH): a downlink channel system for
broadcasting control information.

[246] - Paging control channel (PCCH): a downlink channel transferring paging
information and system information change notification.

[247] - Common control channel (CCCH): a channel for transmitting control
information between a UE and a network. This channel is used for UEs not having
an RRC connection with a network.

[248] - Dedicated control channel (DCCH): a point-to-point bidirectional channel for
transmitting dedicated control information between a UE and a network. It is used
by a UE having an RRC connection.

[249] i) The traffic channel is used to use only user plane information:

[250] - Dedicated traffic channel (DTCH): a point-to-point channel for transferring
user information and dedicated to a single UE. The DTCH may be present in both
the uplink and downlink.

[251] In the downlink, a connection between a logical channel and a transport
channel is as follows.

[252] A BCCH may be mapped to a BCH. A BCCH may be mapped to a DL-SCH.
A PCCH may be mapped to a PCH. A CCCH may be mapped to a DL-SCH. A
DCCH may be mapped to a DL-SCH. A DTCH may be mapped to a DL-SCH.

[253] In the uplink, a connection between a logical channel and a transport channel
is as follows. A CCCH may be mapped to an UL-SCH. A DCCH may be mapped

to an UL-SCH. A DTCH may be mapped to an UL-SCH.



10

15

20

25

38

[254] 3) The RLC sublayer supports three transport modes: a transparent mode
(TM), an unacknowledged mode (UM) and acknowledged mode (AM).

[255] An RLC configuration may be applied to each logical channel. In the case of
an SRB, the TM or AM mode is used. In contrast, in the case of a DRB, the UM or
AM mode is used.

[256] The RLC sublayer performs the transfer a higher layer PDU; independent
sequence numbering with a PDCP; error correction through an automatic repeat
request (ARW); segmentation and re-segmentation; the reassembly of an SDU; RLC
SDU discard; and RLC re-establishment.

[257] 4) The PDCP sublayer for a user plane performs sequence numbering;
header compression and compression-decompression (corresponding to only robust
header compression (RoHC)); user data transfer; reordering and duplicate detection
(if there is transfer to a layer higher than the PDCP); PDCP PDU routing (in the case
of a split bearer); the retransmission of a PDCP SDU; ciphering and deciphering;
PDCP SDU discard; PDCP re-establishment and data recovery for RLC AM; and the
duplication of a PDCP PDU.

[258] The PDCP sublayer a control plane additionally performs sequence
numbering; ciphering, deciphering and integrity protection; control plane data transfer;
duplication detection; the duplication of a PDCP PDU.

[259] When duplication for a radio bearer is configured by RRC, an additional RLC
entity and an additional logical channel are added to a radio bearer in order to control
a duplicated PDCP PDU(s). In the PDCP, duplication includes transmitting the
same PDCP PDU(s) twice. The first one is transferred to the original RLC entity,
and the second one is transferred to an additional RLC entity. In this case, the

duplication corresponding to the original PDCP PDU is not transmitted to the same
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transport block. Different two logical channels may belong to the same MAC entity
(in the case of a CA) or to different MAC entities (in the case of DC). In the former
case, a logical channel mapping restriction is used to guarantee that a duplication
corresponding to the original PDCP PDU is not transferred to the same transport
block.

[260] 5) The SDAP sublayer performs i) mapping between a QoS flow and a data
radio bearer and ii) QoS flow ID marking within a downlink and uplink packet.

[261] One protocol entity of an SDAP is configured for each PDU session, but
exceptionally in the case of dual connectivity (DC), two SDAP entities may be
configured.

[262] 6) The RRC sublayer performs the broadcasting of system information
related to an access stratum (AS) and a non-access stratum (NAS); paging initiated
by 5GC or an NG-RAN; the establishment, maintenance and release (additionally
including the modification and release of a carrier aggregation and additionally
including the modification and release of dual connectivity between an E-UTRAN and
an NR or within an NR) of an RRC connection between a UE and an NG-RAN; a
security function including key management; the establishment, configuration,
maintenance and release of an SRB(s) and a DRB(s); handover and context transfer;
control of UE cell selection, re-release and cell selection/reselection; a mobility
function including mobility between RATs; a QoS management function, a UE
measurement report and report control; the detection of a radio link failure and
recovery from a radio link failure; and the transfer of an NAS message from an NAS
to a UE and the transfer of an NAS message from a UE to an NAS.

[263]

[264] Network slicing
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[265] A 5G system has introduced a network slicing technology which provides
network resources and network functions to an independent slice based on each
service.

[266] As network slicing is introduced, the isolation, independent management, etc.
of a network function and network resources can be provided for each slice.
Accordingly, services that are independent for each service or user and that are more
flexible can be provided by selecting and combining network functions of the 5G
system depending on a service or user.

[267] A network slice refers to a network that logically integrates an access
network and a core network.

[268] The network slice may include one or more of the followings:

[269] - Core network control plane and user plane function

[270] - NG-RAN

[271] - Non-3GPP interworking function (N3IWF) toward a non-3GPP access
network

[272] A function supported for each network slice and network function optimization
may be different. A plurality of network slice instances may provide the same
function to different groups of UEs.

[273] One UE may be connected to one or more network slice instances at the
same time via a 5G-AN. One UE may be served at the same time by a maximum of
8 network slices. An AMF instance that serves a UE may belong to each network
slice instance that serves the UE. That is, the AMF instance may be common to a
network slice instance that serves the UE. The CN part of a network slice
instance(s) that serves a UE is selected by a CN.

[274] One PDU session belongs to only a specific one network slice instance for



10

15

20

25

41

each PLMN. Different network slice instances do not share one PDU session.

[275] One PDU session belongs to a specific one network slice instance for each
PLMN. Different slices may have slice-specific PDU sessions using the same DNN,
but different network slice instances do not share one PDU session.

[276] Single network slice selection assistance information (S-NSSAI) identifies a
network slice. Each S-NSSAI is assistant information used for a network to select a
specific network slice instance. The NSSAI is a set of S-NSSAI(s). The S-NSSAI
includes the followings:

[277] - Slicel/service type (SST): the SST indicates the operation of a network slice
expected form a viewpoint of a function and service.

[278] - Slice differentiator (SD): the SD is optional information that supplements an
SST(s) for selecting a network slice instance from a plurality of potential network slice
instances all of which comply with an indicated SST.

[279] 1) Upon initial access, network slice selection

[280] A Configured NSSAI may be configured in a UE by a home PLMN (HPLMN)
for each PLMN. The Configured NSSAI becomes PLMN-specific, and the HPLMN
indicates a PLMN(s) to which each Configured NSSAI has been applied.

[281] Upon initial connection of a UE, an RAN selects an initial network slice that
will transfer a message using an NSSAI. To this end, in a registration procedure, a
UE provides a requested NSSAI to a network. In this case, when the UE provides the
requested NSSAI to the network, a UE within a specific PLMN uses only S-NSSAIs
belonging to the Configured NSSAI of the corresponding PLMN.

[282] If a UE does not provide an NSSAI to an RAN and an RAN does not select a
proper network slice based on the provided NSSAI, the RAN may select a default

network slice.
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[283] Subscription data includes the S-NSSAI(s) of a network slice(s) to which a
UE has subscribed. One or more S-NSSAI(s) may be marked as a default S-NSSAI.
When an S-NSSAI is marked by default, although a UE does not transmit any S-
NSSAI to a network within a Registration Request, the network may serve the UE
through a related network slice.

[284] When a UE is successfully registered, a CN notifies an (R)AN of all of
Allowed NSSAIs (including one or more S-NSSAIs) by providing the NSSAIs.
Furthermore, when the registration procedure of the UE is successfully completed,
the UE may obtain an Allowed NSSAI for a PLMN from an AMF.

[285] The Allowed NSSAI has precedence over the Configured NSSAI for the
PLMN. Thereafter, the UE uses only an S-NSSAI(s) within the Allowed NSSAI
corresponding to a network slice for a network slice selection-related procedure
within the serving PLMN.

[286] In each PLMN, a UE stores a Configured NSSAI and an Allowed NSSAI (if
present). When the UE receives an Allowed NSSAI for a PLMN, it overrides the
previously stored Allowed NSSAI for the PLMN.

[287] 2) Slice change

[288] A network may change an already selected network slice instance depending
on a local policy and the mobility, subscription information change, etc. of a UE.
That is, a set of network slices of a UE may be changed at any time while the UE is
registered with a network. Furthermore, a change of a set of network slices of a UE
may be initiated by a network or under specific conditions.

[289] A network may change a set of allowed network slice(s) with which a UE has
been registered based on a local policy, a subscription information change and/or the

mobility of the UE. A network may perform such a change during a registration
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procedure or may notify a UE of a change of a supported network slice(s) using a
procedure capable of triggering a registration procedure.

[290] Upon changing the network slice, the network may provide the UE with a new
Allowed NSSAI and a tracking area list. The UE includes the new NSSAI in
signaling according to a mobility management procedure and transmits the signaling,
thereby causing the reselection of a slice instance. An AMF supporting the slice
instance may also be changed in response to a change of the slice instance.

[291] When a UE enters an area in which a network slice is no longer available, a
core network releases a PDU session for an S-NSSAI corresponding to a network
slice that is no longer available through a PDU session release procedure.

[292] When the PDU session corresponding to the slice that is no longer available
is released, the UE determines whether the existing traffic can be routed through a
PDU session belonging to another slice using a UE policy.

[293] For a change of a set of used S-NSSAI(s), a UE initiates a registration
procedure.

[294] 3) SMF selection

[295] A PCF provides a UE with a network slice selection policy (NSSP). The
NSSP associates the UE with an S-NSSAI and is used by the UE in order to
determine a PDU session to which traffic will be routed.

[296] A network slice selection policy is provided for each application of a UE.
This includes a rule by which an S-NSSAI can be mapped for each UE application.
The AMF selects an SMF for PDU session management using subscriber information
and a local operator policy along with an SM-NSSAI transferred by a UE and DNN
information.

[297] When a PDU session for a specific slice instance is established, a CN
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provides an (R)AN with an S-NSSAI corresponding to the slice instance to which the
PDU session belongs so that an RAN can access a specific function of a slice
instance.

[298]

[299] Session management

[300] 5GC supports a PDU connectivity service, that is, a service that provides the
exchange of PDU(s) between a UE and a DN identified by a data network name
(DNN) (or an access point name (APN)). The PDU connectivity service is also
supported through a PDU session established upon request from the UE.

[301] Each PDU session supports a single PDU session type. That is, when the
PDU session is established, it supports the exchange of PDUs of a single type
requested by a UE. The following PDU session types are defined. IP version 4
(IPv4), IP version 6 (IPv6), Ethernet, and unstructured. In this case, the type of
PDUs exchanged between a UE and a DN are completely transparent in a 5G
system.

[302] A PDU session is established using NAS SM signaling exchanged between a
UE and an SMF through N1 (upon UE request), modified (upon UE and 5GC
request), and released (upon UE and 5GC request). Upon request from an
application server, 5GC may trigger a specific application within a UE. When the UE
receives a trigger message, it transfers the corresponding message to an identified
application. The identified application may establish a PDU session with a specific
DNN.

[303] An SMF checks whether a UE request complies with user subscription
information. To this end, the SMF obtains SMF level subscription data from UDM.

Such data may indicate an accepted PDU session type for each DNN:
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[304] A UE registered through a plurality of accesses selects access for setting up
a PDU session.

[305] A UE may request to move a PDU session between 3GPP and non-3GPP
access. A determination for moving the PDU session between 3GPP and non-
3GPP access is made for each PDU session. That is, the UE may have a PDU
session using 3GPP access while another PDU session uses non-3GPP access.
[306] Within a PDU session setup request transmitted by a network, a UE provides
a PDU session identity (ID). Furthermore, the UE may provide a PDU session type,
slicing information, a DNN, service and a session continuity (SSC) mode.

[307] A UE may establish a plurality of PDU sessions with the same DN or different
DNs at the same time via 3GPP access and/or via non-3GPP access.

[308] A UE may establish a plurality of PDU sessions with the same DN served by
a different UPF end N6.

[309] A UE having a plurality of established PDU sessions may be served by
different SMFs.

[310] The user plane path of a different PDU sessions belonging to the same UE
(the same or different DNNs) may be fully separated between an UPF and AN
interfacing with a DN.

[311] 5G system architecture can satisfy various continuity requirements of
different application/services within a UE by supporting a session and service
continuity (SCC). A 5G system supports different SSC modes. An SSC mode
associated with a PDU session anchor is not changed while a PDU session is
established.

[312] - In the case of a PDU session to which SSC Mode 1 is applied, a network

maintains continuity service provided to a UE. In the case of a PDU session of an
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IP type, an IP address is maintained.

[313] - If SSC Mode 2 is used, a network may release continuity service delivered
to a UE. Furthermore, the network may release a corresponding PDU session. In
the case of a PDU session of an IP type, a network may release an IP address(s)
allocated to a UE.

[314] - If SSC Mode 3 is used, a change of a user plane can be aware by a UE, but
a network guarantees that the UE does not lose connectivity. In order to permit
better service continuity, a connection through a new PDU session anchor point is
established before a previous connection is terminated. In the case of a PDU
session of an IP type, an IP address is not maintained while an anchor is deployed
again.

[315] An SSC mode selection policy is used to determine the type of SSC mode
associated with an application (or application group) of a UE. An operator may
previously configure an SSC mode selection policy in a UE. The policy includes one
or more SSC mode selection policy rules which may be used for a UE to determine
the type of SSC mode associated with an application (or a group of applications).
Furthermore, the policy may include a default SSC mode selection policy rule which
may be applied to all of applications of a UE.

[316] If a UE provides an SSC mode when it requests a new PDU session, an SMF
selects whether it will accept the requested SSC mode or whether it will modify the
requested SSC mode based on subscription information and/or a local configuration.
If a UE does not provide an SSC mode when it requests a new PDU session, an
SMF selects a default SSC mode for data networks listed within subscription
information or applies a local configuration for selecting an SSC mode.

[317] An SMF notifies a UE of an SSC mode selected for a PDU session.
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[318]

[319] Mobility management

[320] Registration management (RM) is used to register or deregister a UE/user
with/from a network and to establish user context within a network.

[321] 1) Registration management

[322] A UE/user needs to register a network in order to receive service that
requests registration. Once the UE/user is registered, the UE may update its own
registration with the network in order to periodically maintain reachability (periodical
registration update) if applicable, upon moving (mobility registration update), or in
order to update its own capability or negotiate a protocol parameter again.

[323] An initial registration procedure includes the execution of a network access
control function (i.e., user authentication and access authentication based on a
subscription profile within UDM). As the results of the registration procedure, the ID
of a serving AMF within the UDM is registered.

[324] FIG. 10 illustrates RM state models to which the present invention may be
applied. Specifically, FIG. 10(a) shows an RM state model within a UE, and FIG.
10(b) shows an RM state model within an AMF.

[325] Referring to FIG. 10, in order to reflect the registration state of a UE within a
selected PLMN, two RM states of RM-DEREGISTERED and RM-REGISTERED are
used within the UE and the AMF.

[326] In the RM-DEREGISTERED state, the UE is not registered with a network.
The valid location or routing information of UE context within the AMF is not
maintained. Accordingly, the UE is not reachable by the AMF. However, for
example, in order to prevent an authentication procedure from being executed for

each registration procedure, some UE context may be still stored in the UE and the
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AMF.

[327] In the RM-DEREGISTERED state, if the UE needs to receive service that
requests registration, the UE attempts registration with a selected PLMN using the
initial registration procedure. Alternatively, upon initial registration, when the UE
receives a Registration Reject, the UE remains in the RM-DEREGISTERED state.
In contrast, when the UE receives the Registration Accept, it enters the RM-
REGISTERED state.

[328] - Inthe RM-DEREGISTERED state, if applicable, the AMF accepts the initial
registration of the UE by transmitting a Registration Accept to the UE, and enters the
RM-REGISTERED state. Alternatively, if applicable, the AMF rejects the initial
registration of the UE by transmitting a Registration Reject to the UE.

[329] Inthe RM-REGISTERED state, the UE is registered with the network. In the
RM-REGISTERED state, the UE may receive service that requests registration with
the network.

[330] - In the RM-REGISTERED state, if the tracking area identity (TAIl) of a
current serving cell is not present within a list of TAls that has been received by the
UE from a network, the registration of the UE is maintained. The UE performs a
mobility registration update procedure so that the AMF can page the UE.
Alternatively, in order to notify a network that the UE is still in the active state, the UE
performs a periodic registration update procedure when a periodical update timer
expires. Alternatively, in order to update its own capability information or negotiate a
protocol parameter with a network again, the UE performs a registration update
procedure. Alternatively, if the UE does no longer require registration with a PLMN,
the UE performs a deregistration procedure and enters the RM-DEREGISTERED

state. The UE may determine deregistration from the network at any time.
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Alternatively, when the UE receives a Registration Reject message, a Deregistration
message or performs a local deregistration procedure without the initiation of any
signaling, it enters the RM-DEREGISTERED state.

[331] - In the RM-REGISTERED state, when the UE does no longer need to be
registered with the PLMN, the AMF performs a deregistration procedure and enters
the RM-DEREGISTERED state. The AMF may determine the deregistration of the
UE at any time. Alternatively, after an implicit deregistration timer expires, the AMF
performs implicit deregistration at any time. The AMF enters the RM-
DEREGISTERED state after the implicit deregistration. Alternatively, the AMF
performs local deregistration for the UE that has negotiated deregistration at the end
of communication. The AMF enters the RM-DEREGISTERED state after local
deregistration. Alternatively, if applicable, the AMF accepts or rejects registration
update from the UE. The AMF may reject UE registration when it rejects the
registration update from the UE.

[332] Registration area management includes a function for allocating or re-
allocating a registration area to the UE. The registration area is managed for each
access type (i.e., 3GPP access or non-3GPP access).

[333] When the UE is registered with a network through 3GPP access, the AMF
allocates a set of tracking area (TA)(s) within a TAl list to the UE. When the AMF
allocates a registration area (i.e., a set of TAs within the TAI list), the AMF may
consider various types of information (e.g., a mobility pattern and an accepted/non-
accepted area). The AMP having the whole PLMN or all of PLMNs as a serving
area may allocate the whole PLMN, that is, a registration area, to the UE in the MICO
mode.

[334] A 5G system supports the allocation of a TAI list including different 5G-RAT(S)
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within a single TAI list.

[335] When the UE is registered with a network through non-3GPP access, a
registration area for the non-3GPP access corresponds to a unique reserved TAI
value (i.e., dedicated to the non-3GPP access). Accordingly, there is a unique TA
for the non-3GPP access to 5GC, which is called an N3GPP TAI.

[336] When the TAI list is generated, the AMF includes only a TAI(s) applicable to
access through which the TAl list has been transmitted.

[337] 2) Connection management

[338] Connection management (CM) is used to establish and release a signaling
connection between the UE and the AMF. CM includes a function of establishing
and releasing a signaling connection between the UE and the AMF through N1.
The signaling connection is used to enable an NAS signaling exchange between the
UE and a core network. The signaling connection includes both an AN signaling
connection for the UE between the UE and the AN and an N2 connection for the UE
between the AN and the AMF.

[339] FIG. 11 illustrates CM state models to which the present invention may be
applied. Specifically, FIG. 11 (a) illustrates a CM state shift within a UE, and FIG. 11
(b) shows a CM state shift within an AMF.

[340] Referring to FIG. 11, in order to reflect the NAS signaling connection of the
UE with the AMF, two CM states of CM-IDLE and CM-CONNECTED are used.

[341] The UE in the CM-IDLE state is the RM-REGISTERED state and does not
have an NAS signaling connection established with the AMF through N1. The UE
performs cell selection, cell reselection and PLMN selection.

[342] An AN signaling connection, an N2 connection and an N3 connection for the

UE in the CM-IDLE state are not present.
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[343] - In the CM-IDLE state, if the UE is not in the MICO mode, it responds to
paging by performing a Service Request procedure (if it has received it).
Alternatively, when the UE has uplink signaling or user data to be transmitted, it
performs a Service Request procedure. Alternatively, whenever an AN signaling
connection is established between the UE and the AN, the UE enters the CM-
CONNECTED state. Alternatively, the transmission of an initial NAS message
(Registration Request, Service Request or Deregistration Request) starts to shift from
the CM-IDLE state to the CM-CONNECTED state.

[344] - In the CM-IDLE state, if the UE is not in the MICO mode, when the AMF
has signaling or the mobile-terminated data to be transmitted to the UE, it performs a
network-triggered service request procedure by transmitting a paging request to the
corresponding UE. Whenever an N2 connection for a corresponding UE between
the AN and the AMF is established, the AMF enters the CM-CONNECTED state.
[345] The UE in the CM-CONNECTED state has an NAS signaling connection with
the AMF through N1.

[346] In the CM-CONNECTED state, whenever the AN signaling connection is
released, the UE enters the CM-IDLE state.

[347] - In the CM-CONNECTED state, whenever an N2 signaling connection and
N3 connection for the UE are released, the AMF enters the CM-IDLE state.

[348] - When an NAS signaling procedure is completed, the AMF may determine to
release the NAS signaling connection of the UE. When the AN signaling connection
release is completed, the CM state within the UE changes to the CM-IDLE. When
an N2 context release procedure is completed, the CM state for the UE within the
AMF changes to the CM-IDLE.

[349] The AMF may maintain the UE in the CM-CONNECTED state until the UE is
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deregistered from a core network.

[350] The UE in the CM-CONNECTED state may be an RRC Inactive state.
When the UE is in the RRC Inactive state, UE reachability is managed by an RAN
using assistant information from a core network. Furthermore, when the UE is in the
RRC Inactive state, UE paging is managed by the RAN. Furthermore, when the UE
is in the RRC Inactive state, the UE monitors paging using the CN and RAN ID of the
UE.

[351] The RRC Inactive state is applied to an NG-RAN (i.e., applied to an NR and
E-UTRA connected to 5G CN).

[352] The AMF provides assistant information to the NG-RAN in order to assist the
determination of the NG-RAN regarding whether the UE will be changed to the RRC
Inactive state based on a network configuration.

[353] The RRC Inactive assistant information includes a UE-specific discontinuous
reception (DRX) value for RAN paging during the RRC Inactive state and a
registration area provided to the UE.

[354] CN assistant information is provided to a serving NG RAN node during N2
activation (i.e., registration, a service request or path switch).

[355] The state of an N2 and the N3 reference point is not changed by the UE that
enters the CM-CONNECTED state accompanied by RRC Inactive. The UE in the
RRC Inactive state is aware of an RAN notification area.

[356] When the UE is the CM-CONNECTED state accompanied by RRC Inactive,
the UE may resume an RRC connection due to uplink data pending, a mobile-
initiated signaling procedure (i.e., periodical registration update), a response to RAN
paging, or when the UE notifies a network that it has deviated from the RAN

notification area.
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[357] When the connection of the UE in a different NG-RAN node within the same
PLMN resumes, UE AS context is recovered from an old NG RAN node, and the
procedure is triggered toward a CN.

[358] When the UE is in the CM-CONNECTED state accompanied by RRC
Inactive, the UE performs cell selection on a GERAN/UTRAN/EPS and complies with
an idle mode procedure.

[359] Furthermore, the UE in the CM-CONNECTED state accompanied by RRC
Inactive enters the CM-IDLE mode and complies with an NAS procedure related to
the following cases.

[360] - If an RRC resumption procedure fails,

[361] - If a movement to the CM-IDLE mode of the UE is required within a
failure scenario that cannot be solved in the RRC Inactive mode.

[362] The NAS signaling connection management includes a function for
establishing and releasing an NAS signaling connection.

[363] The NAS signaling connection establishment function is provided by the UE
and the AMF in order to establish the NAS signaling connection of the UE in the CM-
IDLE state.

[364] When the UE in the CM-IDLE state needs to transmit an NAS message, the
UE initiates a service request or registration procedure in order to establish a
signaling connection to the AMF.

[365] The AMF may maintain the NAS signaling connection until the UE is
deregistered from a network based on the preference of the UE, UE subscription
information, a UE mobility pattern and a network configuration.

[366] The procedure of releasing the NAS signaling connection is initiated by a 5G

(R)AN node or the AMF.
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[367] When the UE detects the release of an AN signaling connection, the UE
determines that the NAS signaling connection has been released. When the AMF
detects that N2 context has been released, the AMF determines that the NAS
signaling connection has been released.

[368] 3) UE mobility restriction

[369] A mobility restriction restricts the service access or mobility control of a UE
within a 5G system. A mobility restriction function is provided by a UE, an RAN and
a core network.

[370] The mobility restriction is applied to only 3GPP access, but is not applied to
non-3GPP access.

[371] Inthe CM-IDLE state and the CM-CONNECTED state accompanied by RRC
Inactive, a mobility restriction is performed by a UE based on information received
from a core network. In the CM-CONNECTED state, a mobility restriction is
performed by an RAN and a core network.

[372] In the CM-CONNECTED state, a core network provides a handover
restriction list for a mobility restriction to an RAN.

[373] The mobility restriction includes an RAT restriction, a forbidden area and a
service area restriction as follows:

[374] - RAT restriction: the RAT restriction is defined as a 3GPP RAT(s) whose
access of a UE is not permitted. A UE within a restricted RAT is not allowed to
initiate any communication with a network based on subscription information.

[375] - Forbidden area: a UE is not allowed to initiate any communication with a
network based on subscription information within a forbidden area under a specific
RAT.

[376] - Service area restriction: it defines an area in which a UE can initiate cannot
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initiate communication with a network as follows:

[377] - Allowed area: if a UE is allowed by subscription information within an
allowed area under a specific RAT, the UE is allowed to initiate communication with a
network.

[378] - Non-allowed area: a service area for a UE is restricted based on
subscription information within a non-allowed area under a specific RAT. The UE
and the network are not allowed to initiate session management signaling for
obtaining a service request or user service (both the CM-IDLE state and the CM-
CONNECTED state). The RM procedure of the UE is the same as that in the
allowed area. A UE within a non-allowed area responds to the paging of a core
network as a service request.

[379] In a specific UE, a core network determines a service area restriction based
on UE subscription information. Optionally, an allowed area may be fine-tuned by a
PCF (e.g., based on a UE location, a permanent equipment identifier (PEI) or a
network policy). The service area restriction may be changed due to subscription
information, a location, a PEI and/or a policy change, for example. The service area
restriction may be updated during a registration procedure.

[380] If a UE has an RAT restriction, a forbidden area, an allowed area, a non-
allowed area or an area overlapping between them, the UE performs an operation
according to the following priority:

[381] - The evaluation of the RAT restriction has precedence over the evaluation of
any other mobility restriction;

[382] - The evaluation of the forbidden area has precedence over the evaluation of
the allowed area and the non-allowed area; and

[383] - The evaluation of the non-allowed area has precedence over the evaluation
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of the allowed area.

[384] 4) Mobile initiated connection only (MICO) mode

[385] A UE may indicate the preference of the MICO mode during initial registration
or registration update. The AMF determines whether the MICO mode is permitted
for the UE based on a local configuration, the preference indicated by the UE, UE
subscription information and a network policy or a combination of them, and notifies
the UE of the results during a registration procedure.

[386] A UE and a core network re-initiates or exits from the MICO mode in the
following registration signaling. If the MICO mode is not clearly indicated within a
registration procedure and a registration procedure is successfully completed, the UE
and the AMF do not use the MICO mode. That is, the UE operates as a general UE,
and the network also treats a corresponding UE as a general UE.

[387] The AMF allocates a registration area to a UE during a registration procedure.
When the AMF indicates the MICO mode for the UE, the registration area is not
restricted as a paging area size. If the AMF serving area is the whole PLMN, the
AMF may provide the UE with the “whole PLMN?” registration area. In this case, re-
registration with the same PLMN attributable to mobility is not applied. If a mobility
restriction is applied to a UE in the MICO mode, the AMF allocates an allowed
area/non-allowed area to the UE.

[388] When the AMF indicates the MICO mode for the UE, the AMF considers that
the UE is always unreachable during the CM-IDLE state. The AMF rejects any
request for downlink data transfer for a corresponding UE that is in the MICO mode
and the CM-IDLE state. The AMF also delays downlink transport, such as SMS or
location service through the NAS. A UE in the MICO mode may be reachable for

mobile-terminated data or signaling only when the UE is in the CM-CONNECTED
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mode.

[389] The AMF may provide an RAN node with pending data indication when a UE
in the MICO mode can immediately transport mobile-terminated data and/or signaling
when the UE switches to the CM-CONNECTED mode. When the RAN node
receives the indication, the RAN node considers the information when it determines
user inactivity.

[390] A UE in the MICO mode does not need to listen to paging during the CM-
IDLE state. The UE in the MICO mode may stop any AS procedure within the CM-
IDLE state until it starts switching from the CM-IDLE to the CM-CONNECTED mode
due to one of the following reasons.

[391] - If a change (e.g., configuration change) within the UE requires registration
update to a network

[392] - If a periodic registration timer expires

[393] - If MO data is pending

[394] - If MO signaling is pending

[395]

[396] Quality of Service (QoS) model

[397] QoS is a technology for the smooth transfer service of various traffic (mail,
data transmission, audio and video) to a user depending on each character.

[398] A 5G QoS model supports a framework-based QoS flow. The 5G QoS
model supports both a QoS flow that requires a guaranteed flow bit rate (GFBR) and
a QoS flow that does not require the GFBR.

[399] The QoS flow is the finest granularity for QoS classification in a PDU session.
[400] A QoS flow ID (QFI) is used to identify a QoS flow within a 5G system. The

QFl is unique within a PDU session. User plane traffic having the same QFI within a
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PDU session receives the same traffic transfer processing (e.g., scheduling and an
admission threshold). The QFI is transferred within an encapsulation header on N3
(and N9). The QFI may be applied to a different payload type of a PDU (i.e., an IP
packet, unstructured packet and Ethernet frame).

[401] In this specification, for convenience of description, “QoS” and a “QoS flow”
are interchangeably used. Accordingly, in this specification, “QoS” may be

construed as meaning a “QoS flow”, and “QoS” may be construed as meaning a
“QoS flow.”

[402] Within a 5G system, QoS flows may be controlled by an SMF upon PDU
session setup or QoS flow establishment/modification.

[403] If applicable, all of QoS flows have the following characteristics:

[404] - QoS profile previously configured in the AN or provided from the SMF to the
AN via the AMF through the N2 reference point;

[405] - One or more networks provided from the SMF to the UE via the AMF
through the N1 reference point — provided QoS rule(s) and/or one or more UE-
derived QoS rule(s)

[406] - SDF classification provided from the SMF to the UPF through the N4
reference point and QoS-related information (e.g., session-aggregate maximum bit
rate (AMBR)).

[407] The QoS flow may become a “guaranteed bit rate (GBR)” or a “non-
guaranteed bit rate (non-GBR)” depending on the QoS profile. The QoS profile of
the QoS flow includes the following QoS parameters:

[408] i) With respect to each of QoS flows, QoS parameters may include the

followings:

[409] - 5G QoS indicator (5QIl): the 5QI is a scalar for referring to 5G QoS
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characteristics (i.e., control QoS transfer handling access node-specific parameters
for a QoS flow, for example, scheduling weight, an admission threshold, a queue
management threshold and a link layer protocol configuration).

[410] - Allocation and retention priority (APR): the ARP includes a priority level, a
pre-emption capability and pre-emption vulnerability. The priority level defines the
relative importance of a resource request. This is used to determine whether a new
QoS flow will be accepted or rejected if resources are restricted and to used to
determine whether the existing QoS flow will pre-empt resources while the resources
are restricted.

[411] i) Furthermore, only in the case of each GBR QoS flow, QoS parameters
may further include the followings:

[412] - GFBR - the uplink and downlink;

[413] - Maximum flow bit rate (MFBR) — the uplink and downlink; and

[414] - Notification control.

[415] iii) Only in the case of a nhon-GBR QoS flow, QoS parameters may further
include the following: Reflective QoS attribute (RQA)

[416] There are supported methods of controlling the following QoS flows:

[417] 1) In the case of the non-GBR QoS flow: if a standardized 5QI or a previously
configured 5QI is used, a 5QI value is used as the QFI of the QoS flow and a default
ARP is previously configured in the AN;

[418] 2) In the case of the GBR QoS flow: if a standardized 5QI or a previously
configured 5QI is used, a 5QI value is used as the QFI of the QoS flow. A default
ARP is transmitted to the RAN when a PDU session is established. Whenever the
NG-RAN is used, the user plane (UP) of the PDU session is activated;

[419] 3) In the case of the GBR and non-GBR QoS flow: an allocated QFI is
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used. A 5QI value may be standardized, previously configured or not standardized.
The QoS profile and QFI of the QoS flow may be provided to the (R)AN through N2
when a PDU session is established or when a QoS flow is established/changed.
Whenever the NG-RAN is used, the user plane (UP) of the PDU session is activated.
[420] A UE may perform the marking and classification (i.e., the association of UL
traffic for a QoS flow) of UL user plane traffic based on a QoS rule. Such rules may
be explicitly provided to the UE (when a PDU session is established or a QoS flow is
established) or may have been previously configured in the UE or may be implicitly
derived by the UE by applying reflective QoS.

[421] The QoS rule may include a unique QoS rule ID within a PDU session, the
QFI of an associated QoS flow, and one or more packet filters and precedence value.
Additionally, with respect to an allocated QFI, the QoS rule may include QoS
parameters related to a UE. One or more QoS rules associated with the same QoS
flow (i.e., having the same QFI) may be present.

[422] The default QoS rule may be necessary for all of PDU sessions. The
default QoS rule may be a unique QoS rule of a PDU session that may not include a
packet filter (In this case, the highest precedence value (i.e., the lowest priority) must
be used). If the default QoS rule does not include a packet filter, the default QoS
rule defines the processing of packets not matched with another QoS rule in a PDU
session.

[423] The SMF performs binding between SDFs for a QoS flow depending on the
QoS of an SDF and service requirements. The SMF allocates a QFI to a new QoS
flow, and derives the QoS parameter of the new QoS flow from information provided
by the PCF. If applicable, the SMF may provide an (R)AN with a QFI along with a

QoS profile. The SMF provides an SDF template (i.e., a set of packet filters
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associated with the SDF received from the PCF) along with SDF priority, QoS-related
information and corresponding packet marking information (i.e., a QFIl, a
differentiated services code point (DSCP) value and optionally enables the
classification, bandwidth application and marking of user plane traffic using reflective
QoS indication for a UPF). If applicable, the SMF generates QoS rule(s) for a PDU
session by allocating unique QoS rule IDs within a PDU session to which the QFI of a
QoS flow has been added, configuring packet filter(s) for the UL part of the SDF
template, and setting QoS rule priority in the SDF priority. The QoS rule is provided
to a UE that enables the classification and marking of UL user plane traffic.

[424]

[425] FIG. 12 illustrates classification and user plane marking for a QoS flow and
the mapping of a QoS flow to AN resources according to an embodiment of the
present invention.

[426] 1) Downlink

[427] An SMF allocates a QFI for each QoS flow. Furthermore, the SMF derives
QoS parameters from information provided by a PCF.

[428] The SMF provides an (R)AN with the QFI along with a QoS profile including
the QoS parameters of a QoS flow. Furthermore, when a PDU session or QoS flow
is established, the QoS parameters of the QoS flow is provided to the (R)AN as the
QoS profile through N2. Furthermore, whenever an NG-RAN is used, a user plane
is activated. Furthermore, QoS parameters may be previously configured in the
(R)AN for a non-GBR QoS flow.

[429] Furthermore, the SMF provides an UPF with an SDF template (i.e., a set of
packet filters associated with the SDF received from the PCF) along with SDF

preference and a corresponding QFI so that the UPF can perform the classification
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and marking of a downlink user plane packet.

[430] Downlink inflow data packets are classified based on the SDF template
according to the SDF preference (without the initiation of additional N4 signaling). A
CN classifies user plane traffic belonging to a QoS flow through N3 (and N9) user
plane marking using the QFI. The AN binds the QoS flow with AN resources (i.e., a
DRB in the case of the 3GPP RAN). In this case, a relation between the QoS flow
and the AN resources is not restricted to 1:1. The AN may configure the AN
resources necessary to map a QoS flow to a DRB so that a UE may receive the QFI
(and reflective QoS may be applied).

[431] If matching is not discovered, when all of QoS flows are related to one or
more DL packet filters, the UPF may discard a DL data packet.

[432] Characteristics applied to process downlink traffic are as follows:

[433] - The UPF maps user plane traffic to the QoS flow based on the SDF
template.

[434] - The UPF performs session-AMBR execution and performs PDU counting
for charging support.

[435] - The UPF may transmit the PDUs of a PDU session in a single tunnel
between 5GC and the (A)AN, and the UPF may include the QFI in an encapsulation
header.

[436] - The UPF performs transmission level packet marking in the downlink (e.g.,
sets DiffServ code in an outer IP header). Transmission level packet marking is
based on 5QI and the ARP of an associated QoS flow.

[437] - The (R)AN maps PDUs from a QoS flow to access-specific resources
based on a QFI, related 5G QoS characteristics and parameters by considering an

N3 tunnel associated with a downlink packet.
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[438] - If reflective QoS is applied, a UE may generate a new derived QoS rule (or
may be called a “UE-derived QoS rule”). A packet filter within the derived QoS rule
may be derived from a DL packet (i.e., the header of the DL packet). The QFI of the
derived QoS rule may be configured depending on the QFI of the DL packet.

[439] 2) Uplink

[440] The SMF generates QoS rule(s) for a PDU session by allocating a QoS rule
ID, adding the QFI of a QoS flow, setting packet filter(s) in the uplink part of an SDF
template, and setting QoS rule precedence in SDF precedence. The SMF may
provide a UE with the QoS rules in order for the UE to perform classification and
marking.

[441] The QoS rule includes a QoS rule ID, the QFI of a QoS flow, one or more
packet filters and preference values. The same QFI (i.e., the same QoS flow) and
one or more QoS rules may be associated.

[442] A default QoS rule is required for each PDU session. The default QoS rule
is the QoS rule of a PDU session not including a packet filter (In this case, the
highest precedence value (i.e., the lowest priority) is used). If the default QoS rule
does not include a packet filter, the default QoS rule defines the processing of a
packet not matched with any another QoS rule within the PDU session.

[443] The UE performs the classification and marking of uplink user plane traffic.
That is, the UE associates uplink traffic with the QoS flow based on the QoS rule.
The rule may be explicitly signaled through N1 (when a PDU session is established
or when a QoS flow is established or may be previously configured in the UE or may
be implicitly derived by the UE from reflected QoS.

[444] In the UL, the UE evaluates an UL packet with respect to the packet filter of

the QoS rule based on the precedence value of the QoS rule (i.e., in order of
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increasing precedence value) until a matching QoS rule (i.e., the packet filter is
matched with the UL packet) is discovered. The UE binds the UL packet to the QoS
flow using a QFI in the corresponding matching QoS rule. The UE binds the QoS
flow and the AN resources.

[445] If matching is not discovered and a default QoS rule includes one or more UL
packet filters, the UE may discard an UL data packet.

[446] Characteristics applied to process uplink traffic are as follows:

[447] - A UE may use stored QoS rules in order to determine mapping between UL
user plane traffic and a QoS flow. The UE may mark an UL PDU with the QFI of a
QoS rule including a matching packet filter, and may transmit the UL PDU using
corresponding access-specific resources for a QoS flow based on mapping provided
by an RAN.

[448] - The (R)AN transmits the PDU through an N3 tunnel with respect to an UPF.
When an UL packet passes through a CN from the (R)AN, the (R)AN includes a QFI
in the encapsulation header of the UL PDU and selects the N3 tunnel.

[449] - The (R)AN may perform transmission level packet marking in the uplink.
The transmission level packet marking may be based on the ARP of a QoS flow
associated with a 5QI.

[450] - A UPF checks whether the QFIs of UL PDUs are provided to the UE or are
aligned (e.g., in the case of reflective QoS) with QoS rules implicitly derived by the
UE.

[451] - The UPF performs session-AMBF execution and counts a packet for
charging.

[452] In the case of an UL classifier PDU session, UL and DL session-AMBRs

need to be performed on an UPF that supports an UL classifier function.
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Furthermore, the DL session-AMBR needs to be separately performed in all of UPFs
that terminate an N6 interface (i.e., an interaction between UPFs is not required).
[453] In the case of a multi-home PDU session, UL and DL session-AMBRs are
applied to an UPF that supports a branch point function. Furthermore, the DL
session-AMBR needs to be separately performed in all of UPFs that terminate the N6
interface (i.e., an interaction between UPFs is not required).

[454] The (R)AN needs to perform a maximum bit rate (UE-AMBR) restriction in
the UL and DL for each non-GBR QoS flow. When the UE receives a session-
AMBR, it needs to perform a PDU session-based UL rate restriction for non-GBR
traffic using the session-AMBR. The rate restriction execution for each PDU session
is applied to a flow that does not require a guaranteed flow bit rate. The MBR per
SDF is mandatory to a GBR QoS flow, but is optional for a non-GBR QoS flow. The
MBR is performed in the UPF.

[455] QoS control for an unstructured PDU is performed in a PDU session level.
When the PDU session is established for the transmission of the unstructured PDU,
the SMF provides the UPF and the UE with a QFI to be applied to any packet of the
PDU session.

[456]

[457] Reflective QoS

[458] Reflective QoS means a method for a UE to determine a QoS flow of the
uplink corresponding to the downlink by reflecting a QoS flow of the downlink.

[459] The support of reflective QoS through an AN is under 5GC control.
Reflective QoS may be achieved by generating a QoS rule derived based on
downlink traffic received by a UE. Reflective QoS and non-reflective QoS may be

applied at the same time within the same PDU session. In the case of traffic
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influenced by reflective QoS, an UL packet may obtain the same QoS marking as
that of a reflected DL packet.

[460] In the case of a UE supporting a reflective QoS function, if the reflective QoS
function is controlled by 5GC with respect to some traffic flows, the corresponding UE
may generate a (derived) QoS rule for uplink traffic based on received downlink
traffic. Furthermore, the UE may use the (derived) QoS rule to determine mapping
between the uplink traffic and a QoS flow. Accordingly, in accordance with reflective
QoS, although a UE does not separately receive a QoS rule for determining a QoS
flow of the uplink from a network, the UE may autonomously generate a QoS rule
based on the QoS flow of the downlink and determine a QoS flow of the uplink
corresponding to the downlink (i.e., determines mapping between uplink traffic and
the QoS flow).

[461] The derived QoS rule of the UE may include the following parameters:

[462] - (UL) packet filter

[463] - QFI

[464] - Precedence value

[465] The (UL) packet filter may be derived based on a received DL packet and
may be used to filter/distinguish UL packets/traffic to which the derived QoS rule will
be applied. The UE may filter/distinguish UL packets/traffic to which the derived
QoS rule will be applied by applying an (UL) packet filter, and may perform QoS
marking on the filtered/distinguished UL packet using a QFI.

[466] A UE not supporting reflective QoS needs to neglect the indication of
reflective QoS.

[467] When reflective QoS is activated through a user plane, a precedence value

for all of derived QoS rules may be set as a standardized value. If reflective QoS is
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activated through a control plane (i.e., a QoS flow, a PDU session), a precedence
value for a derived QoS rule within the range of control plane activation may be set
as a signaled value through the control plane.

[468] If user plane reflective QoS is available by 5GC, the UPF may include a
reflective QoS indication (RQI) indicative of the activation of reflective QoS in an
encapsulation header (may be referred to as an “NG3 (encapsulation) header”)
through an N3 reference point along with a QFI.

[469] Reflective QoS may be activated through a user plane and a control plane.
5GC may determine whether reflective QoS will be activated through the control
plane or will be activated through the user plane based on an access type and policy.
[470] If 5GC has determined reflective QoS activation through the user (U) plane,
the SMF may include a QoS rule (or transmit it to the UPF) including an indication
indicating that the reflective QoS must be activated by reflecting the user plane. If
the UPF is matched with the QoS rule and a DL packet including the indication
indicative of the activation of the reflective QoS is received, the UPF may include an
RQI in the encapsulation header of the N3 reference point. Reflective QoS
activation through the user plane may be used to avoid out-of-band signaling (e.g.,
signaling through a non-3GPP access network).

[471] If 5GC has determined reflective QoS activation through the control (C) plane,
the SMF may include the RQI in the QoS rule transmitted to the UE through the N1
interface. If the UE receives a DL packet matched with the QoS rule including the
RQI, the UE may generate a UE-derived QoS rule.

[472] Furthermore, 5GC may also support the inactive function of reflective QoS.
[473] - Reflective QoS support through the RAN under the control of a network:

the network determines QoS to be applied to DL traffic, and a UE reflects the DL
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QoS in associated UL traffic. When the UE receives a DL packet to which reflective
QoS must be applied, the UE generates a new implicit QoS rule. The implicit QoS
rule may be referred to as a “derived QoS rule” in this specification. The packet filter
of the implicit QoS rule is derived from the header of the DL packet. Reflective QoS
indication may be signaled or may not be signaled through a control (C)-plane or
inband. The implicit rule (derived through reflective QoS) may have higher or lower
priority than the explicitly signaled QoS rule.

[474] As may be seen from the above contents, a method of indicating reflective
QoS includes i) a method of explicitly transmitting signaling, ii) an inband method of
transmitting data marked with the indication of reflective QoS, and iii) a method for a
UE to directly detect reflective QoS without any signaling/marking.

[475] Prior to a more detailed description of such a reflective QoS indication
method, a network structure and a bearer mapping method for uplink traffic to which
the present invention may be applied are first described.

[476] FIG. 13 is a diagram illustrating 5G system architecture to which the present
invention may be applied. This drawing is a more simplified drawing of FIG. 6. The
description described in FIG. 6 may be identically applied.

[477] Referring to FIG. 13, the 5G system architecture may include various
elements (i.e., network functions (NF)). This drawing illustrates an application
function (AF), a data network (DN), a user plane function (UPF), a control plane
function (CPF), a (radio) access network ((R)AN), and a user equipment (UE)
corresponding to some of the various elements.

[478] In a 3GPP system, a conceptual link that connects NFs within a 5G system is
defined as a reference point. The following illustrates reference points included in

the 5G system architecture represented in this drawing.
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[479] - NG1: areference point between the UE and the CPF

[480] - NG2: areference point between the (R)AN and the CPF

[481] - NG3: areference point between the (R)AN and the UPF

[482] - NG4: areference point between the UPF and the CPF

[483] - NGb5: areference point between the CPF and the AF

[484] - NGG6: a reference point between the UPF and the DN

[485]

[486] FIG. 14 illustrates a QoS flow mapping method for uplink traffic of a UE to
which the present invention may be applied.

[487] Referring to FIG. 14, a UE routes uplink packets to different QoS flows based
on a packet filter allocated to a QoS rule. The UE preferentially evaluates the uplink
packet filter of the QoS rule having the lowest evaluation priority index with respect to
matching. If matching is not discovered, the UE performs the evaluation of a packet
filter present in the QoS rule in increasing order of evaluation priority index. This
procedure needs to be executed until matching is discovered or until packet filters
present in all of QoS rules are evaluated. If matching is discovered, the uplink data
packet is transmitted through a QoS flow determined by a matched QoS rule. If
matching is not discovered, the uplink data packet needs to be transmitted through a
QoS flow to which any uplink packet filter has not been allocated. If one or more
uplink packet filters are allocated to all of QoS rules, the UE must discard the uplink
data packets.

[488]

[489] In 5G, unlike in EPC, a bearer for QoS is not separately produced, but an UP
function performs QoS marking (operation of marking/indicating a QFI) on an NG3

header according to a rule transmitted by a CP function. A method of providing QoS
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based on the QoS marking has been described above. In the case of reflective QoS,
when the UP function provides a UE with indication to use reflective QoS, the UE
may generate an uplink (packet) filter based on a downlink data packet (or traffic),
and may produce an (uplink QoS) rule for marking the same QoS marking as that of
a downlink data packet (or traffic) in an uplink data packet (or traffic) using the
generated uplink (packet) filter. In this case, the CP function can support the uplink
QoS of the UE without directly indicating a rule for the uplink in the UE.

[490] In accordance with such reflective QoS, there is an effect in that the CP
function can simply support the uplink QoS of a UE through only indication to apply
reflective QoS without directly providing a QoS rule with respect to temporarily
generated data. In this case, if such reflective QoS is used, there is a problem in
that the UE continues to generate and store a (derived) QoS rule in order to support
the reflective QoS. As the number of (derived) QoS rules that need to be
managed/stored by the UE is increased, the UE’s overhead is increased and a data
processing speed is reduced because the number of (derived) QoS rules that must
be checked by the UE until a default QoS rule is applied is increased.

[491] Accordingly, this specification proposes a method of discarding/deleting, by a
network node, a QoS rule generated (derived) by a UE for reflective QoS by
providing a reflective QoS use timer value when the timer expires (expire), while the
network node provides signaling for reflective QoS to the UE. A method of
indicating reflective QoS basically includes three methods to be described later.
Such a timer concept may be applied to Method 1 and Method 2 of the three
methods.

[492] Reflective QoS may be indicated in a UE through C-plane signaling (method

1), inband signaling (method 2), and non-signaling method (method 3).
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[493] 1. The method 1 is a method for a network node to indicate Reflective QoS
through C-plane signaling. That is, this method is a method of directly indicating
(i.e., explicitly indicating reflective QoS through control signaling), by a CP function,
with respect to a UE so that QoS (or QoS flow) is identically used/configured
between a downlink (flow) and a corresponding uplink (flow) through control signaling
(e.g., this method is used if QoS control for an uplink data packet whose source—
destination addresses are exchanged with a downlink data packet is necessary).
The method 1 has a small signaling message size because it is not necessary for the
CP function to directly transfer filter information for the uplink and QoS information
(e.g., QFI information) to a UE, but has a disadvantage in that separate (control)
signaling is generated.

[494] 2. The method 2 is a method for a network node to indicate reflective QoS
through inband signaling. In accordance with the method 2, a network node may
transmit an indicator indicating whether reflective QoS must be applied along with
QoS marking in an NG3 (encapsulation) header or a radio header while transmitting
data. Accordingly, the method 2 has an advantage in that reflective QoS can be
indicated/applied even without additional (control) signaling, but has a disadvantage
in that additional information must be added to the NG3 (encapsulation) header or a
radio header. Accordingly, there may be a problem in that indication for reflective
QoS is also lost when a data loss according to congestion is generated in a process
for a network node to transmit data to a UE.

[495] 3. In the method 3, a network node does not transmit any signaling related to
reflective QoS, and may autonomously determine that a UE does not have QoS
information (e.g., information about a QoS flow, QFI) about an uplink flow mapped to

the downlink and may apply the reflective QoS. In the case of the method 3, there



10

15

20

25

72

is no signaling overhead, but there is no margin that a default QoS (rule) may be
applied to the uplink. In a conventional technology, when an uplink flow is
generated, a default QoS (Rule) was applied if a TFT suitable for the uplink flow is
not present. In accordance with the method 3, however, not a default QoS (rule),
but reflective QoS is applied. Accordingly, unconditional reflective QoS is applied to
a (uplink) flow mapped to a downlink, and it is difficult to support QoS by separating
the uplink and the downlink. In order to support this, separate QoS rule update
through explicit signaling must be performed.

[496] In a process of producing a PDU session, the CP function may determine
that reflective QoS will be indicated using which method. The CP function may
determine whether reflective QoS will be used, a reflective QoS activation indication
method and/or a deactivation indication method if the reflective QoS is used, based
on reflective QoS capability information (e.g., a user plane activation capability, a
control plane activation capability, a user plane deactivation capability, a control
plane deactivation capability), an operator policy, information (e.g., an APN/DNN and
a PDU type) about a PDU session, subscription information, etc., transmitted by a UE.
[497] For example, in order to reduce control plane signaling, the CP function may
determine a user plane activation/deactivation method (i.e., a reflective QoS
activation/deactivation indication method through the user plane) as the reflective
QoS activation/deactivation method. @ The CP function may indicate whether
determined reflective QoS will be used, a reflective QoS activation method and/or
reflective QoS deactivation method with respect to a UE. The UE may determine
whether reflective QoS will be used/activated based on the reflective QoS-related
information received from the CP function. The reflective QoS-related information

from the CP function may be transmitted to the UE through a PDU session accept
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message. In this case, the UE may determine whether the reflective QoS will be
used based on the received PDU session accept message, and an embodiment
related to it is described hereinafter in connection with FIG. 15.

[498] If the method 1 is used, the UE may apply reflective QoS to an (uplink) flow
indicated by corresponding signaling if there is explicit signaling from the CP function.
If the method 2 is used, the UE may monitor the header of a downlink data packet
and apply reflective QoS to a specific/indicated (IP/QoS/uplink) flow if reflective QoS
(indication) is marked in the corresponding header. If the method 3 is used, the UE
may apply reflective QoS to uplink flow/data/traffic mapped to a received downlink
flow/data/traffic regardless of a reflective QoS (indication) mark within the head of a
downlink data packet.

[499] Ifitis determined that reflective QoS is not used, the UE may determine QoS
(flow) of the uplink based on only a current QoS rule without the need to determine
whether reflective QoS will be applied/used by monitoring the header of downlink
data.

[500] In the reflective QoS activation method, whether the control plane will be
used or the user plane will be used may be determined based on subscription
information or the capability of a UE. For example, in order to use the user plane
activation method as the reflective QoS activation method, the AS layer of the UE
needs to check whether reflective QoS indication is present by continuing to monitor
a packet. Such an operation may be a burden on a simple UE, such as Internet of
Things (IoT), or a UE that must operate with low power. Accordingly, with respect to
the corresponding UE, the user plane activation method may not be determined as a
reflective QoS activation method.

[501] The reflective QoS deactivation method may be differently determined
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independently/regardless of a reflective QoS activation method. For example,
reflective QoS has been activated through the user plane, but may be deactivated
through the control plane. In order to support the deactivation method through the
user plane, a UE may receive indication to use the user plane deactivation method
from a network and may drive a timer if reflective QoS indication is present in data (or
a data packet). Accordingly, in the case of the user plane deactivation method, a
network node must explicitly transmit reflective QoS indication to a UE so that the UE
can drive a timer. If reflective QoS is activated through the control plane, the UE
may not set the timer. In this case, the UE cannot perform the reflective QoS
deactivation method through the user plane.

[502]

[503] FIG. 15 is a flowchart illustrating a method of determining whether reflective
QoS will be used and a reflective QoS indication method in a process of setting up a
PDU session according to an embodiment of the present invention. In this
specification, the PDU session setup procedure for producing a PDU session may be
referred to as a PDU session establishment procedure.

[504] 1. A UE may transmit a PDU session setup request message to a CP
function. In this case, the PDU session setup request message may have included
reflective QoS capability information regarding whether the UE can perform the
reflective QoS.

[505] 2. The CP function may check context information of the UE in subscription
data.

[506] 3. The CP function may determine whether reflective QoS will be used and a
reflective QoS indication method for the UE if the reflective QoS is used.

[507] 4. The CP function and an UP function may set up a user plane. The
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reflective QoS indication method determined by the CP function in step 3 may be
shared with the UP function.

[508] 5. The CP function may transmit a PDU session setup complete message to
the UE as a response to the PDU session setup request message. In this case, the
PDU session setup complete message may have included information about a
reflective QoS indication method.

[509] Referring to the flowchart of FIG. 15, after checking the context of the UE in
step 2, a network node (e.g., the CP function) determines whether reflective QoS will
be used and a reflective QoS indication method if the reflective QoS is used, based
on reflective QoS capability information, session information and/or subscription
information of the UE received from the UE in step 1. In step 4, the CP function
may notify the UP function of whether reflective QoS will be used and the reflective
QoS use method for the PDU session. In step 5, the CP function may notify the UE
of whether reflective QoS will be used and/or the reflective QoS indication method.
[510] The aforementioned methods 1 to 3 are described in more detail below with
reference to respective drawings.

[511]

[512] Ga. Method 1: method of directly indicating reflective QoS with respect to UE
through signaling

[513] FIG. 16 is a flowchart illustrating a reflective QoS indication method
according to the method 1 of the present invention. In relation to this flowchart, the
description of the method 1 described above may be applied identically/similarly, and
a redundant description thereof is omitted.

[514] 1. A UE may set up a PDU session and transmit/receive data to/from a

network node(s) based on the QoS rule received in the PDU session setup process
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(refer to FIG. 15).

[515] 2. If a UP function discovers a new IP flow (may be applied to the case of a
non-IP flow), the UP function may notify a CP function that the new flow has been
generated/discovered and request corresponding QoS to the CP function.

[516] 3. The CP function may transmit both a DL QoS rule and UL QoS rule for the
corresponding IP flow to the UP function (and/or transmit only the DL QoS rule to the
UP function, and the UP function may directly generate/derive the UL QoS rule
based on the DL QoS rule by checking reflective QoS indication) while transmitting
QoS (to the CP function, the UE and/or the AN) with respect to the corresponding IP
flow, and may also transmit the indication of reflective QoS use.

[517] In this case, the DL QoS rule may correspond to a rule which is used to filter
a DL data packet (or flow) to which specific QoS will be marked/applied and to
perform the QoS marking. The UL QoS rule may correspond to a rule which is used
to filter an UL data packet (or flow) to which specific QoS will be marked/applied and
to perform the QoS marking.

[518] Furthermore, the CP function may additionally transmit a timer value
regarding time when reflective QoS is valid to the UP function. The UP function may
use the DL and/or UL QoS rule only until the corresponding timer expires. The UP
function may immediately start the timer when the timer is received.

[519] The CP function may indicate IP flow information and timer information to
which the reflective QoS will be applied through control signaling (e.g., NAS signaling
or AS signaling) with respect to the UE and/or the AN. The UE and/or the AN that
have received the IP flow information and timer information may immediate start the
timer.

[520] 4. The UP function may apply QoS (or QoS marking) based on the rule (e.g.,
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the DL QoS rule and/or the UL QoS rule) produced through the reflective QoS while
the reflective QoS is applied to a specific QoS flow indicated by the CP function.
This operates in the same manner as that general QoS is applied (or QoS marking)
according to a DL QoS rule if there is a (downlink) flow mapped/related to the
reflective QoS (i.e., satisfying the DL QoS rule).

[521] 5. If the reflective QoS is applied, when the UE receives a downlink data
packet/flow in the state in which an RQI has been marked (or reflective QoS is
indicated), the UE may generate a derived QoS rule (based on the downlink data
packet/flow) for an uplink data packet/flow (or may be abbreviated as an “uplink
packet/flow”) mapped to the downlink data packet/flow. The UE starts the timer
related to the corresponding derived QoS rule.

[522] 6. The UE may filter/distinguish the subject on which the QoS marking will be
performed by applying the derived QoS rule generated by the reflective QoS rule to
the uplink data packets/flows, and may transmit the uplink data packets/flows after
performing the QoS marking on the filtered/distinguished uplink data packets/flows.
In this case, a QFI used when the QoS marking is performed on the uplink data
packets/flows may have been included in the derived QoS rule, and may be the
same as a QFI QoS-marked in the downlink data packet/flow.

[523] 7. Thereafter, if the timer for a specific derived QoS rule expires, the UE and
the UP function may delete the derived QoS rule.

[524] 8. Thereafter, a flow corresponding to previously used reflective QoS may
reach the UP function.

[525] 9. Signaling for reflective QoS, such as that of step 3, may be
transmitted/received through the flow detection process of step 2.

[526] 10-11. While a corresponding derived QoS rule is valid, the UE and/or the UP
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function may operate based on the reflective QoS rule according to the present
embodiment.

[527] The CP function can prevent a rule (e.g., the DL QoS rule, the UL QoS rule
and/or the derived QoS rule) from being deleted/expiring by transmitting a
rule/indication for reflective QoS again before the timer expires.

[528] If the method 1 is used, there may be an effect in that there is no restriction
to the size of a timer value because the network node directly provides signaling
regarding a reflective QoS application, but additional (control) signaling is generated.

[529]

[530] Na. Method 2: indication method through inband signaling (packet marking)
with respect to a UE

[531] FIG. 17 is a flowchart illustrating a reflective QoS indication method
according to the method 2 of the present invention. In relation to this flowchart, the
description of the aforementioned flowchart of FIG. 16 and the method 2 may be
applied identically/similarly, and a redundant description thereof is omitted.

[532] 1. A UE may set up a PDU session and may transmit/receive data to/from a
network node(s) based on a received QoS rule in the PDU session setup process
(refer to FIG. 15).

[533] 2. If an UP function discovers a new IP flow (applicable to the case of a non-
IP flow), the UP function may notify a CP function that the new flow has been
generated/discovered and request corresponding QoS to the CP function.

[534] 3. The CP function may transmit QoS information (e.g., the indication of
Reflective QoS use, QoS (or a DL/UL QoS rule), information on IP flow to which
reflective QoS will be applied and/or timer information) for a corresponding IP flow to

the UP function and the AN.
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[535] 4. The UP function may transmit downlink data, QoS marking (e.g., a QFl),
reflective QoS indication (e.g., an RQI) and/or a timer to the UE. In this case, the
UP function may apply QoS (or QoS marking) to uplink data based on a rule (e.g.,
the DL QoS rule and/or the UL QoS rule) produced/received through the reflective
QoS during the time when the reflective QoS is applied to a corresponding IP flow.
The UP function may start the corresponding timer along with the transmission of the
timer.

[536] Referring to steps 3 and 4, the method 2 is different from the method 1 in that
the CP function does not directly transmit QoS information to the UE and transmits
the QoS information to only the UP function and the AN. Instead, the UP function
may transmit marking/indication (i.e., an RQI) indicative of a Reflective QoS
application and the timer to the UE in an NG3 header as QoS information in addition
to the QoS marking while transmitting downlink data. In this specification, for
convenience of description, downlink data and QoS-related information may be

expressed as being transmitted through a “downlink data packet/flow.” Such a
“‘downlink data packet/flow” may be abbreviated as a “downlink packet.”

[537] 5. The UE that has received the QoS information may produce a derived
QoS rule based on the downlink data packet/flow and use/apply the derived QoS rule.
In this case, the UE may generate a packet filter included in the derived QoS rule
based on the downlink data packet/flow, and may check whether the same derived
QoS rule as the newly generated derived QoS rule has been previously stored using
the generated packet filter (e.g., by comparing the packet filter with another derived
QoS rule). If the same derived QoS rule has been previously stored, the UE may

reset the timer corresponding to/associated with the corresponding derived QoS rule

and apply the reflective QoS using the corresponding derived QoS rule. If the same
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derived QoS rule has not been previously stored, the UE may apply the reflective
QoS using the newly generated derived QoS rule and start the received timer.

[538] 6. The UE may filter/distinguish the subject on which the QoS marking will be
performed by applying the derived QoS rule to the uplink data packets/flows, and
may transmit the filtered/distinguished uplink data packets/flows after performing the
QoS marking on the filtered/distinguished uplink data packets/flows. In this case, a
QFI used to perform the QoS marking on the uplink data packet/flow may have been
included in the derived QoS rule, and may be the same as a QFl QoS-marked to a
downlink data packet/flow.

[539] 7. Thereafter, when the timer expires, the UE and the UP function may delete
all of rules (e.g., the DL QoS rule, the UL QoS rule and/or the derived QoS rule) that
have been generated or are being stored.

[540] 8. Thereafter, a flow corresponding to previously used reflective QoS may
reach the UP function.

[541] 9. Signaling for reflective QoS, such as that of step 3, may be
transmitted/received through the flow detection process of previous step 2.

[542] 10-11. While reflective QoS is valid, the UE and/or the UP function may
operate based on reflective QoS according to the present embodiment.

[543] In an embodiment of the method 2, the UP function may be restricted as
including the timer and reflective QoS indication in the NG3 header and transmitting
the NG3 header only when the first downlink data (to which reflective QoS is applied)
is transmitted. Accordingly, although the UP function does not separately provide
reflective QoS indication with respect to subsequently generated/transmitted
downlink data, the UE may consider that the reflective QoS continues to be applied

(to a received downlink packet) before the timer expires.
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[544] If the UP function transmits the reflective QoS indication and the timer to the
UE again before the timer expires, the UE may reset the time that operates based on
the reflective QoS indication and newly start the timer. Through such a method, the
UP function may increase the time when reflective QoS is used/applied.

[545] In another embodiment of the method 2, there may be a method for the UP
function to include reflective QoS indication whenever it transmits downlink data in
step 4 without using the timer. That is, the UE may generate a reflective QoS rule (a
derived QoS rule in the case of the present embodiment) whenever it receives
reflective QoS indication, and may perform QoS marking on uplink data. In this
case, if the UE does not receive downlink data on which the reflective QoS indication
is marked during a specific time, the timer expires, and the UE may delete/remove a
corresponding rule.

[546] In the case of the method 2, there is a problem in that the size of a header is
increased if a timer value is great because QoS marking information and timer
information must be included in the header of a data packet, but there is an effect in
that reflective QoS can be applied even without the generation of additional (control)
signaling.

[547] In both the methods 1 and 2, if it is difficult to directly transmit timer
information, the number of bits of a timer value can be reduced through a method of
previously determining candidate timers to be used in the process of producing a
PDU session and transmitting the index of a specific timer selected from the
candidate timers. Specifically, if this method is applied to the method 2, a problem
in that the size of a header increases as a timer value increases can be solved.
Table 2 below illustrates timer values for reflective QoS which are exchanged in a

PDU session (setup) process.
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[548] [Table 2]

Timer index Timer value
1 T 1 (e.g., 1 min)
T 2 (e.g., 10 min)
3 T 3 (e.g., 1 hour)
N T_N (e.g., 1 day)

[549]

[550] Alternatively, in the process of producing the PDU session, timer information
to be used for reflective QoS may be previously negotiated, and the reflective QoS
may be applied without the signaling/exchange of additional timer information. In
this case, the timer information is not separately transmitted, but a different value
may not be used for each rule (e.g., a derived QoS rule). In order to supplement
this problem, if a network node wants to use a timer value different from a timer value
determined while producing a PDU session, a method used in the method 1/2 may
be used. That is, in the method 1/2, if timer information for reflective QoS is not
transmitted, a UE may use a timer value determined/negotiated in the process of
producing a PDU session. If timer information for reflective QoS is also transmitted,
a UE may use a timer value indicated by the received timer information.

[551] The method 2 may be summarized as follows.

[552] Reflective QoS may be controlled for each packet using an RQI within the
encapsulation header of the N3 reference point along with a QFI and reflective QoS
timer (RQ timer) value. In this case, the reflective QoS timer value may be signaled
to the UE or may be set as a default value when the PDU session is established.
[553] If the RQI is received by the (R)AN in a DL packet on the N3 reference point,
the (R)AN may indicate that the QFI and corresponding DL packet are subjected to

reflective QoS (i.e., a packet to which the reflective QoS is applied) with respect to
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the UE.

[554] If the UE receives a DL packet subjected to reflective QoS:

[555] - If a derived QoS rule having a packet filter corresponding to a DL packet is
not present (i.e., if the same derived QoS rule has not been previously stored), the
UE may generate a new derived QoS rule having a packet filter corresponding to a
DL packet, and start a timer (set to a RQ time value) for the newly generated derived
QoS rule.

[556] - Otherwise (i.e., if the same derived QoS rule has not been previously
stored), the UE may restart a timer associated with a derived QoS rule that has been
previously stored.

[557] When the timer associated with the derived QoS rule expires, the UE may
delete the corresponding derived QoS rule.

[558] In some embodiments, reflective QoS to which the timer has been applied
may be controlled by the user plane or control plane as follows.

[559] If reflective QoS is controlled by the user plane:

[560] The reflective QoS may be controlled by the user plane for each packet using
an RQI within an encapsulation header within the N3 reference point along with a
QFI and a reflective QoS timer (RQ timer). In this case, the RQ timer corresponds
to the above timer, and may be set as a default value or be signaled for the UE when
a PDU session is established.

[561] If 5GC determines to control reflective QoS through the user plane for a
specific SDF, the SMF may include indication in corresponding SDF information
provided to the UPF through the N4 interface. With respect to a DL packet
corresponding to the SDF, the UPF may set RQI bits within an encapsulation header

on the N3 reference point.
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[562] If a DL packet related to reflective QoS is received, the UE may generate a
UE-derived QoS rule (i.e., a “derived QoS rule”) and may set the timer as an RQ time
value. If a UE-derived QoS rule having the same packet filter is already present, the
UE may restart a timer corresponding to the corresponding UE-derived QoS rule.
Reflective QoS activation through the user plane may be used to avoid out-of-band
signaling (e.g., signaling over a non-3GPP access network).

[563] If reflective QoS is controlled by the control plane:

[564] The reflective QoS may be controlled by the control plane for each QoS flow.
When the QoS flow is established, the UE may be provided with a reflective QoS
timer (RQ timer) specified for the QoS flow.

[565] If 5GC determines to control reflective QoS through the control plane, the
SMF may include RQA in a QoS flow parameter transmitted to the UE through the N1
interface.

[566] When the UE receives a DL packet through a QoS flow in which the RQA
has been set as the RQI, the UE may generate a UE-derived QoS rule and start a
timer set as an RQ time value. If a UE-derived QoS rule having the same packet
filter is already present, the UE may restart a timer corresponding to the
corresponding UE-derived QoS rule.

[567] When the timer associated with the UE-derived QoS rule expires, the UE
may delete/remove the corresponding UE-derived QoS rule.

[568]

[569] The method 2 may have a problem in that reflective QoS-related information
is also lost if a packet is lost in a data congestion situation because the reflective
QoS-related information is transmitted along with data. Specifically, if the UPF

transmits reflective QoS-related information only when it transmits the first downlink
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data, the UPF does not transmit additional reflective QoS-related information until a
timer expires. Accordingly, mismatching between the UPF and the UE is generated
with respect to reflective QoS execution.

[570] Accordingly, a procedure for recovering lost reflective QoS-related
information is proposed below.

[571] FIG. 18 is a flowchart illustrating a method of recovering reflective QoS-
related information if the reflective QoS-related information is lost while the method 2
is applied. In relation to this flowchart, the description of the flowchart of FIG. 17
may be applied identically/similarly, and a redundant description thereof is omitted.
Specifically, steps 1 to 3 in this flowchart are the same as steps 1 to 3 of FIG. 17, and
a redundant description thereof is omitted.

[572] 4. The UP function has included the reflective QoS indication and the timer in
the NG3 header and transmitted the data, but the data may be lost due to data
congestion within the AN. Thereafter, the UP function may determine that all of
pieces of reflective QoS-related information (e.g., QoS marking (e.g., QFI), reflective
QoS indication (e.g., RQI) and/or the timer) have been successfully transmitted, and
may transmit data except the reflective QoS-related information.

[573] 5-6. The UE does not receive indication for reflective QoS and may not
generate/apply a derived QoS rule. Instead, the UE may perform default QoS
marking (apply a default QoS rule) on uplink data mapped to received downlink data,
and may transmit the uplink data. The UP function may detect the QoS marking of
the uplink data received from the UE, and may recognize that the QoS marking is not
matched with its own reflective QoS (i.e., QoS marking). The UP function notifies
the CP function of this mismatching. The CP function may recognize that it has

indicated reflective QoS in the UE based on its own QoS rule, and may instruct the
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UP function to indicate the reflective QoS again with respect to the UE.

[574] 7. The UP function may transmit reflective QoS-related information along with
corresponding downlink data in response to a command from the CP function when
downlink data mapped to reflective QoS (i.e., to which the reflective QoS is applied)
is generated. In this case, the UP function may transmit the remaining time of the
timer started upon timer transmission in step 4 to the UE or may reset the timer
received from the CP function, may start the timer again, and may transmit it to the
UE.

[575] 8. The UE may receive the reflective QoS-related information, may generate
a reflective QoS rule (i.e., a derived QoS rule), and may transmit uplink data
(subjected to QoS marking) by applying the reflective QoS rule.

[576]

[577] Uplink traffic may be a lot generated, but downlink traffic may be relatively
rarely generated depending on the characteristics of an application. In this case, if
reflective QoS is activated through inband signaling (a method of providing reflective
QoS indication through packet marking), a situation in which a reflective QoS timer is
not extended/reset may occur because there is no transmitted downlink packet if
reflective QoS is applied based on the timer. That is, since uplink packets continue
to be generated, a network wants to continue to use a corresponding derived QoS
rule, but cannot extend the time during which a reflective QoS rule is used unless a
downlink packet is generated until a previously set timer value expires.

[578] In this case, the network may transmit (indicate) an explicit QoS rule or may
transmit a reflective QoS rule (or reflective QoS-related information) with respect to
the UE through control plane signaling. Furthermore, in order to stop a reflective

QoS application, the network may reset or omit packet marking and transmit it. If a
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downlink packet that may be transmitted is not present, however, the network cannot
perform such an operation. Even in this case, the network may delete/remove a
reflective QoS rule (or derived QoS rule) through control plane signaling.

[579] In summary, in a reflective QoS indication operation, if a network does not
use inband signaling, this problem may be supplemented through control plane
signaling (e.g., the method 1). In other words, upon reflective QoS execution, the
network may optionally (complementarily) apply the inband signaling method or the
control plane signaling method according to a situation.

[580] A new QoS framework for reflective QoS is hereinafter proposed.

[581]

[582] A new wireless communication system (e.g., 5G) supports reflective QoS
through an RAN under network control. The network may determine QoS to be
applied to DL traffic, and a UE may reflect UL traffic associated with the DL QoS.
When the UE receives a DL packet to which reflective QoS must be applied, the UE
may generate a new implicit QoS rule (alternatively a derived QoS rule) based on the
DL packet. The packet filter of the implicit QoS rule may be derived from the header
of the DL packet.

[583] Reflective QoS indication may be signaled through the C-plane (i.e., control
signaling) (method 1) or may be signaled through inband (method 2) or may be never
signaled (method 3).

[584] If control signaling is used, it does not comply with the object/principle of
reflective QoS to minimize signaling and may increase signaling. Inband signaling
may be a better solution to reflective QoS because it does not introduce new
signaling. In the case of the last option (i.e., if signaling is not used), if a downlink

flow is present, it means that reflective QoS is used in a downlink flow and all of



10

15

20

25

88

corresponding uplink flows. In the case of this option, if an explicit QoS rule is not
provided, uplink QoS and downlink QoS may be always the same.

[585] In order to indicate reflective QoS, both the inband signaling method and the
non-signaling method may be used. The signaling method may be determined by a
network during a PDU session establishment/setup procedure. For example, if a UE
is attached through 3GPP access, a network may use inband signaling for reflective
QoS. If the UE is attached through non-3GPP access, the network cannot use any
signaling for reflective QoS.

[586] A QoS framework according to a first embodiment may be determined in
detail as follows:

[587] 1. A new wireless communication system (e.g., 5G) supports reflective QoS
through an RAN under network control. The network may determine QoS to be
applied to DL traffic, and a UE may reflect the DL QoS in associated UL traffic.
When the UE receives a DL packet to which reflective QoS must be applied, it may
generate a new implicit QoS rule (e.g., a derived QoS rule) based on the DL packet.
The packet filter of the implicit QoS rule may be derived from the header of the DL
packet. Reflective QoS indication may be signaled through inband or may not be
signaled in response to an instruction from the network. The indication method may
be determined by the network during a PDU session establishment/setup procedure.
[588] 2. U-plane marking (i.e., the QoS marking) for QoS may be carried in an
encapsulation header on NG3 (without a change of an e2e packet header).

[589] 3a. A default QoS rule and a pre-authorized QoS rule may be provided to the
UE when a PDU session is established/set up.

[590] 3b. The QoS rules may be provided to the RAN when the PDU session is

established/set up using NG2 signaling (e.g., depending on an access capability).
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[591] 4. QoS flow-specific QoS signaling through the C-plane may be necessary
for a GBR SDF.

[592] 5. For the initialization, change or termination of an SDF not having GBR
requirements, QoS-related NG2 signaling corresponding to the pre-authorized QoS
rule (other than PDU session establishment/setup) must be minimized.

[593] 6. For the initialization, change or termination of an SDF not having GBR
requirements, QoS-related NG1 signaling corresponding to the pre-authorized QoS
rule (other than PDU session establishment/setup) must be minimized.

[594] 7. For a subscription and service distinction, the application of a service data
flow and UL rate restriction for each PDU session must be performed in CN_UP.
CN_UP is an execution point reliable by a network and may process all of pieces of
traffic in a PDU session.

[595] 8. The AN may perform a rate restriction in the UL for each UE.

[596] 9. A QoS flow may be the finest granularity for QoS processing in an NG
system.

[597] 10.1. In the downlink, the (R)AN may bind the QoS flow to access-specific
resources based on corresponding QoS characteristics provided through NG3
marking and NG2 signaling. The packet filter is not used for binding between the
access-specific resources and the QoS flow in the (R)AN.

[598] 10.2. The UE may bind uplink packets to the access-specific resources
based on information and/or a (derived) QoS rule (explicitly signaled or implicitly
derived by reflective QoS) for binding between the access-specific resources
explicitly provided by an access network and the uplink packets.

[599] 11. Some user plane marking may be a scalar value having a standardized

QoS characteristic.
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[600] 12. Some user plane marking may be scalar values indicative of dynamic
QoS parameters signaled through NG2.

[601] 13. The dynamic QoS parameters may include the followings:

[602] a. Maximum flow bit rate

[603] b. Guaranteed flow bit rate

[604] c. Priority level

[605] d. Packet delay budget

[606] e. Packet error rate

[607] f. Admission control

[608]

[609] Hereinafter, there is proposed a solution for solving the following three issues
proposed in relation to reflective QoS.

[610] - Issue 1: whether reflective QoS indication is signaled through the C-plane
or inband

[611] - Issue 2: whether a derived QoS rule (i.e., derived through reflective QoS)
has higher priority or lower priority than signaled QoS rules

[612] - Issue 3: Whether reflective QoS can be applied to all of access networks
connected to the NG core

[613] <Solution>

[614] 1. Reflective QoS indication method

[615] A UE does not require an explicit QoS request message for reflective QoS
because it drives an uplink QoS rule using the downlink QoS of a corresponding
downlink flow. In order to maximize the advantages of reflective QoS, there may be
proposed an operation of indicating reflective QoS using the inband signaling method.

That is, inband signaling may be used for reflective QoS indication.
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[616] 2. Valid period of derived QoS rule

[617] The valid period of a derived QoS rule generated through reflective QoS
indication needs to be defined. If the derived QoS rule is valid while a PDU session
is valid (or during the lifetime of the PDU session), too many derived QoS rules are
present in a UE, which may be a burden on the UE. Accordingly, the following two
methods may be proposed in order to remove an unnecessary derived QoS rule.
[618] One method is to use explicit signaling and the other method is to use a timer
value. If explicit signaling is used, a network may delete/remove a derived QoS rule
using the explicit signaling whenever the network wants. However, since there is a
problem in that signaling is increased, this specification proposes that the lifetime of a
derived QoS rule is restricted using a timer value. Related detailed embodiments
have been described above in connection with FIGS. 16 to 18. The timer value may
be determined during a PDU session setup/establishment process.

[619] Thatis, derived QoS through reflective QoS indication may have a valid timer
determined during a PDU session setup/establishment procedure.

[620] 3. Priority of QoS rules

[621] If a derived QoS rule has higher priority than a signaled QoS rule, a network
cannot apply the signaled QoS rule to the same flow until the timer of the derived
QoS rule expires. However, this is not preferred because the network must be able
to update a QoS rule at any time. Accordingly, there may be proposed that a signaled
QoS rule has the highest priority and a default QoS rule has the lowest priority.
That is, a derived QoS rule through reflective QoS indication may have lower priority
than a signaled QoS rule, but may be set to have higher priority than a default QoS
rule.

[622] 4. Applicability of reflective QoS to all of access networks
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[623] There is no reason to use reflective QoS only in a specific access network.
Accordingly, reflective QoS may be used in all of access networks.

[624] A QoS framework according to a second embodiment in which the
aforementioned solution has been reflected may be determined in detail as follows:
[625] 1a. A new wireless communication system (e.g., 5G) supports reflective QoS
through the RAN under network control. The network may determine QoS to be
applied to DL traffic, and a UE may reflect the DL QoS in associated UL traffic.
When the UE receives a DL packet to which reflective QoS must be applied, it may
generate a new derived QoS rule based on the DL packet. The packet filter of the
derived QoS rule may be derived from the DL packet (i.e., the header of the DL
packet). In the case of traffic subjected to reflective QoS, an UL packet may be
QoS-processed in the same manner as the reflected DL packet (i.e., having the
same QFI or identically QoS-marked).

[626] 1b. Inband signaling may be used for reflective QoS indication.

[627] 1c. A derived QoS rule through reflective QoS indication may have a valid
timer determined during a PDU session setup procedure.

[628] 1d. A signaled QoS rule may have the highest priority. The derived QoS
rule through reflective QoS indication may have lower priority than the signaled QoS
rule, but may have higher priority than a default QoS rule.

[629] 1le. Reflective QoS may be used in a non-GBR service data flow.

[630] 2. U-plane marking (i.e., the QoS marking) for QoS may be carried in an
encapsulation header on NG3 (without a change of an e2e packet header).

[631] 3a. A default QoS rule and a pre-authorized QoS rule may be provided to a
UE when a PDU session is established/set up. The pre-authorized QoS rule

corresponds to all of QoS rules provided when the PDU session is established/set up,
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and is different from the default QoS rule.

[632] 3b. The NAS-level QoS profile of a QoS rule provided in PDU session setup
for a UE must be also provided to the RAN using NG2 signaling when a PDU session
is configured. The QoS rule may be provided to the NG AN when the PDU session
is established/set up using NG2 signaling based on non-3GPP access (e.g.,
depending on access performance).

[633] 3c. A QoS rule may include the QoS profile (A or B type) of an NAS-level, a
packet filter and/or a precedence value.

[634] 3d. A signaled QoS rule may be provided to a UE connected through the NG
RAN based on 3GPP access through NG1 signaling. In this case, it may be
assumed that a UE that accesses a NextGen CN through non-3GPP access uses a
3GPP NAS signal.

[635] 4. A GBR SDF may be supported in the NextGen system and may require
the QoS flow-specific QoS signaling through the C-plane.

[636] 5. For the initialization, change or termination of an SDF not having GBR
requirements, QoS-related NG2 signaling corresponding to a pre-authorized QoS
rule (other than PDU session establishment/setup) must be minimized.

[637] 6. For the initialization, change or termination of an SDF not having GBR
requirements, QoS-related NG1 signaling corresponding to a pre-authorized QoS
rule (other than PDU session establishment/setup) must be minimized.

[638] 7a. For a subscription and service distinction, a maximum bit rate restriction
of a service data flow (SDF) per UL and DL must be performed in CN_UP, and the
CN_UP corresponds to an execution point reliable to a network. Rate restriction
execution per PDU session may be applied to a flow that does not require a

guaranteed flow bit rate.
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[639] 7b. In the case of a flow that does not require a guaranteed flow bit rate, a
maximum bit rate (MBR) restriction of UL and DL per PDU session may be applied to
the CN_UP. In the case of a multi-homed PDU session, a PDU session MBR may
be applied to each UPF that terminates the NG6 interface. This may be executed
for each UPF. An AMBR for each DN name may not be supported.

[640] 8. The AN must execute a maximum bit rate restriction per UE on a flow that
does not require a guaranteed flow bit rate in the UL and DL.

[641] 9. A QoS flow may be the finest granularity for QoS processing in the NG
system. User plane traffic having the same NG3 marking value within a PUD
session corresponds to the QoS flow.

[642] 10.1.1. In the downlink, the (R)AN may bind the QoS flow to access-specific
resources based on corresponding QoS characteristics provided through NG3
marking and NG2 signaling by considering an NG3 tunnel associated with a downlink
packet. A packet filter is not used to bind the QoS flows to the access-specific
resources in the (R)AN.

[643] 10.1.2. When an UL packet passes through from the (R)AN to the CN, the
RAN may determine NG3 QoS marking and select an NG3 tunnel based on
information received from an access stratum.

[644] 10.2.1. In a higher layer, a UE may match the uplink packet to the QoS rule
and bind the uplink packet to the NAS-level QoS profile (A- or B-type) of the QoS rule
(explicitly signaled or implicitly derived from reflective QoS).

[645] 10.2.2. When the UL packet passes through the AS in the higher layer of the
UE, the higher layer may indicate the NAS-level QoS profile (through corresponding
QoS marking) in the AS by including information that enables the AS to identify a

PDU session.
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[646] 10.2.3. Inversely, when the DL packet passes through from the AS to a
proper higher layer instance of the UE, to select a proper higher layer instance
corresponding to a PDU session is a responsibility for the AS. The AS may also
indicate the NAS-level QoS profile (through corresponding QoS marking) in the
higher layer instance.

[647] Inthe case of 10.2.2. and 10.2.3., there is no precondition for the necessity of
U-plane marking from the RAN to the UE.

[648] In order to indicate QoS requested in the 10.2.4. IP packet, in the case of a
QoS application using a DSCP, a packet filter including DSCP marking within a QoS
rule provided by CN_CP may be used for binding with specific QoS marking.

[649] 10.3. If the RAN has determined that flexible mapping (e.g., other than one-
to-one) is present between an NAS-level QoS profile and an AS-level QoS, this
mapping is transparent to a higher layer and does not have an influence on NG3
marking. It is assumed that an access stratum complies with QoS characteristics
associated with the NAS-level QoS profile.

[650] A method of defining the AS-level QoS of a DRB and mapping an uplink and
downlink packet (having an associated QoS profile and associated PDU session
information) to a DRB depends on the RAN.

[651] 11. Some user plane QoS marking is a scalar value having standardized
QoS characteristics (referred to as an A-type QoS profile).

[652] 12. Some user plane QoS marking is a scalar value indicative of dynamic
QoS parameters signaled through NG2 (referred to as a B-type QoS profile).

[653] The QoS marking value indicates the type (A- or B-type) of associated QoS
profile.

[654] 13. The QoS parameters may include the followings:
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[655] a. Maximum flow bit rate

[656] b. Guaranteed flow bit rate

[657] c. Priority level

[658] d. Packet delay budget

[659] e. Packet error rate

[660] f. Admission control

[661] The parameters ¢, d and e are applied to 11. and 12. only, and the
parameters a, b and f are applied to 12. only.

[662] 14. A QoS framework does not assume the necessity of an NG3 tunnel for
each QoS flow.

[663] 15. W.ith respect to not-guaranteed bit rate QoS flows corresponding to pre-
authorized QoS rules, a UE may transmit UL traffic without specific additional NG1
signaling.

[664] 16. UE-triggered QoS establishment for a guaranteed bit rate QoS flow is
based on explicit UE-request QoS through NG1.

[665]

[666] Hereinafter, there is proposed the deactivation mechanism of a derived QoS
rule based on a timer set while a PDU session is established.

[667] There are some candidate solutions for the deactivation of a derived QoS
rule.

[668] A first solution is to use implicit deactivation without signaling or a pre-
configuration (i.e., this is left as an implementation of a UE and 5G-CN).
Accordingly, in the case of this solution, a deactivation process does not need to be
separately standardized. However, in order to support uplink QoS verification, a 5G

CN and a UE need to have the same QoS rule. Accordingly, implicit deactivation
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cannot be used because it does not guarantee a QoS rule synchronized between the
5G CN and the UE.

[669] A second solution is to use explicit signaling in order to deactivate a derived
QoS rule. If reflective QoS is activated through control plane signaling, this solution
may be used. However, if reflective QoS is activated through user plane marking,
this solution is inappropriate because to avoid out-of-band signaling is the key point
of user plane activation.

[670] A third solution is a method similar to a method supported in the EPS. In
the EPS, a UE reflective QoS procedure may be deleted as follows (TS 24.139).
[671]

[672] In the EPS, a UE may generate a table when it transmits/receives a
corresponding packet and manage an updated time stamp. The time when the
entry is maintained depends on a UE implementation.

[673] A similar mechanism may be used in the 5G system. If a network indicates
reflective QoS activation, the network may start a timer with a preset value
determined during PDU session setup. When a UE receives reflective QoS
indication, it may start (or restart/reset) the same timer. When the timer expires, a
derived QoS rule may be deactivated.

[674] That is, if an UPF indicates the activation of reflective QoS, the UPF may
start a deactivation timer previously set during PDU session setup. Whenever the
UPF indicates the reflective QoS, the UPF may reset the timer. If reflective QoS
indication is received, the UE may also start the deactivation timer and may reset the
timer whenever it receives reflective QoS indication. The derived QoS rule is
deactivated when the timer expires.

[675] In addition to the aforementioned methods, other some methods for
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deactivating reflective QoS may be present. User plane solutions that deactivate
reflective QoS by basically not including an RQI or basically including reflective QoS
deactivation indication (RQDI) correspond to the some methods. However, if there
iIs no downlink packet associated with reflective QoS, such a mechanism cannot be
executed. In order to deactivate the reflective QoS, control plane signaling is
required. In contrast, the deactivation method using a timer proposed by this
specification has an advantage in that it does not require additional signaling for
deactivating reflective QoS.

[676] Such a concept of this specification is a concept corresponding to the method
2 and may be summarized in brief as follows and may be reflected in TS 23.501.
[677] 1. Inactivation of reflective QoS

[678] 1-1. General

[679] 5GC supports reflective QoS deactivation. Reflective QoS may be
deactivated through the user plane and the control plane. 5GC may determine
whether a reflective QoS function will be deactivated through the control plane or
deactivated through the user plane based on a policy and access type.

[680] 1-2. Reflective QoS deactivation through user plane

[681] In the establishment process of a PDU session, the SMF may notify a UE of
a deactivation timer value. If the UPF indicates reflective QoS, the SMF may
configure a deactivation timer so that the time starts. The UE may also start the
deactivation timer whenever it receives reflective QoS indication. The UPF may
reset the (corresponding) timer when it includes an RQI in an encapsulation header
on the N3 reference point. The UE may reset the (corresponding) timer whenever it
receives reflective QoS indication.

[682] If 5GC has determined to deactivate a reflective QoS function through the U-
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plane, the SMF may transmit a QoS rule having user plane reflective QoS
deactivation indication to the UPF. In this case, if a downlink packet corresponding
to the reflective QoS is present, the UPF may stop the indication of an RQI within an
encapsulation header.  Furthermore, the UE does not reset an associated
deactivation timer when it receives a packet not having an RQl. The UE and UPF
may remove a derived QoS rule when the deactivation timer expires.

[683] 1-3. Reflective QoS deactivation through control plane

[684] If 5GC has determined to deactivate reflective QoS through the control plane,
the SMF may explicitly transmit a deactivation request (e.g., transmits an updated
QoS rule or transmits a reflective QoS rule removal command) to the UE and UPF.
If the SMF has updated the QoS rule, the UE and UPF may remove a derived QoS
rule generated by the updated QoS rule.

[685]

[686] FIG. 19 is a flowchart illustrating a reflective QoS procedure according to an
embodiment of the present invention. The description described in relation to FIGS.
15 to 18 may be applied to this flowchart identically/similarly, and a redundant
description thereof is omitted.

[687] First, a UE may receive a downlink packet from a network (S1910). In this
case, the downlink packet may correspond to a packet in which the application of
reflective QoS has been indicated. More specifically, the downlink packet may
correspond to a packet to which reflective QoS application has been indicated by a
reflective QoS indicator. In this case, a network may correspond to the AN that
receives reflective QoS indication indicative of the reflective QoS application of the
downlink packet and QoS marking through an encapsulation header on the N3

reference point from a user plane function.
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[688] Next, the UE may derive a QoS rule based on the downlink packet (S1920).
More specifically, the UE may check whether a QoS rule associated with the
downlink packet is present. If a QoS rule associated with the downlink packet is not
present, the UE may derive a QoS rule based on the downlink packet and start a
timer. If a QoS rule associated with the downlink packet is present, the UE may
perform steps S1930 and S1940 below.

[689] Next, the UE may transmit an uplink packet to the network by applying the
QoS marking of the downlink packet to the uplink packet using the (newly generated
or existing) QoS rule (S1930). More specifically, the UE may filter an uplink packet
matched with a packet filter included in the QoS rule by evaluating a plurality of
uplink packets in order of precedence values. Furthermore, the UE may transmit
the filtered uplink packet to the network by applying QoS marking included in the
QoS rule to the filtered uplink packet. In this case, applying the QoS marking may
mean marking a QFI (or binding with a specific QoS flow). The QoS marking may
correspond to the ID of a QoS flow within the downlink packet (or QoS rule).

[690] Next, when the UE receives a downlink packet before a timer associated with
the QoS rule expires, it may restart the corresponding timer (S1940). When the UE
receives the downlink packet after the timer expires, the UE may newly start the
corresponding timer. When the timer expires, the UE deletes the derived QoS rule.
The value of the timer may be previously determined in the PDU session
establishment procedure of the UE.

[691] The QoS rule may be used to determine a mapping relation between the
uplink packet and the QoS flow. The QoS rule may include a packet filter derived
from the downlink packet (specifically, the header of the downlink packet), the QoS

marking of the downlink packet and a precedence value used to determine the
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evaluation order of the uplink packet.

[692] The QoS rule derived according to such reflective QoS execution may have
lower priority than an explicitly signaled QoS rule. Furthermore, the application of
such a reflective QoS may be deactivated through a user plane or a control plane.
[693]

[694] General apparatus to which the present invention may be applied

[695] FIG. 20 shows a block diagram of a communication apparatus according to
an embodiment of the present invention.

[696] Referring to FIG. 20, a wireless communication system includes a network
node 2010 and a plurality of UEs 2020. The apparatus shown in this drawing may
be implemented to perform at least one of the aforementioned network/UE functions
and may be implemented to integrate and perform one or more of the functions.

[697] The network node 2010 includes a processor 2011, memory 2012, and a
communication module 2013.

[698] The processor 2011 implements at least one function, process and/or
method proposed in FIGS. 1 to 19 and/or the function, process and/or method
proposed in this document. Furthermore, a module, program, etc. that implements
the function, process and/or method proposed in this specification may be stored in
the memory 2012 and executed by the processor 2011.

[699] The layers of a wired/wireless interface protocol may be implemented by the
processor 2011. Furthermore, the processor 2011 may be implemented to
independently apply the contents described in the various embodiments proposed in
this document or to apply two or more of the embodiments at the same time.

[700] The memory 2012 is connected to the processor 2011 and stores various

types of information for driving the processor 2011. The memory 2012 may be
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located inside or outside the processor 2011 and may be connected to the processor
2011 by well-known various means.

[701] The communication module 2013 is connected to the processor 2011 and
transmits and/or receives wired/wireless signals. The network node 2010 may
include, for example, an eNB, an MME, an HSS, an SGW, a PGW, an SCEF, an
SCS/AS, an AUSF, an AMF, a PCF, an SMF, a UDM, a UPF, an AF, an (R)AN, a UE,
an NEF, an NRF, a UDSF and/or an SDSF. Specifically, if the network node 2010 is
an eNB (or if it is implemented to perform an (R)AN function), the communication
module 2013 may include a radio frequency (RF) unit for transmitting/receiving radio
signals. In this case, the network node 2010 may have a single antenna or multiple
antennas.

[702] The UE 2020 includes a processor 2021, memory 2022 and a
communication module (or RF unit) 2023. The processor 2021 implements at least
one function, process and/or method proposed in FIGS. 1 to 19 and/or the function,
process and/or method proposed in this document. Furthermore, a module,
program, etc. that implements the function, process and/or method proposed in this
specification may be stored in the memory and executed by the processor 2021.
[703] The layers of a wired/wireless interface protocol may be implemented by the
processor 2021. Furthermore, the processor 2021 may be implemented to
independently apply the contents described in the various embodiments proposed in
this document or to apply two or more of the embodiments at the same time.

[704] The memory 2022 is connected to the processor 2021 and stores various
types of information for driving the processor 2021. The memory 2022 may be
located inside or outside the processor 2021 and may be connected to the processor

2021 by well-known various means
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[705] The memory 2012, 2022 may be located inside or outside the processor
2011, 2021 and may be connected to the processor 2011, 2021 by well-known
various means. Furthermore, the network node 2010 (if it is an eNB) and/or the UE
2020 may have a single antenna or multiple antennas.

[706] FIG. 21 shows a block diagram of a communication apparatus according to
an embodiment of the present invention.

[707] Specifically, FIG. 21 is a more detailed diagram of the UE of FIG. 20.

[708] Referring to FIG. 21, the UE may include a processor (or digital signal
processor (DSP)) 2110, an RF module (or RF unit) 2135, a power management
module 2105, an antenna 2140, a battery 2155, a display 2115, a keypad 2120,
memory 2130, a subscriber identification module (SIM) card 2125 (this element is
optional), a speaker 2145 and a microphone 2150. The UE may also include a
single antenna or multiple antennas.

[709] The processor 2110 implements the functions, processes and/or methods
proposed in FIGS. 1 to 20. The layers of a radio interface protocol may be
implemented by the processor 2110.

[710] The memory 2130 is connected to the processor 2110 and stores information
related to the operation of the processor 2110. The memory 2130 may be located
inside or outside the processor 2110 and may be connected to the processor 2110
by well-known various means.

[711] A user inputs command information, such as a telephone number, by
pressing (or touching) a button of the keypad 2120 or by voice activation using the
microphone 2150, for example. The processor 2110 processes a proper function,
such as receiving such command information or making a call to a telephone number,

so that the function is performed. Operational data may be extracted from the SIM
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card 2125 or the memory 2130. Furthermore, the processor 2110 may display
command information or driving information on the display 2115 so that a user can
recognize the information or for convenience.

[712] The RF module 2135 is connected to the processor 2110 and transmits
and/or receives RF signals. The processor 2110 transfers command information to
the RF module 2135 so that a radio signal forming voice communication data, for
example, is transmitted in order to initiate communication. The RF module 2135
includes a receiver and a transmitter in order to transmit and receive radio signals.
The antenna 2140 functions to transmit and receive radio signals. When the RF
module 2135 receives a radio signal, it transfers the signal for the processing of the
processor 2110 and may convert the signal into a baseband. The processed signal
may be converted into audible or readable information through the speaker 2145.
[713]

[714] In the aforementioned embodiments, the elements and characteristics of the
present invention have been combined in specific forms. Each of the elements or
characteristics may be considered to be optional unless otherwise described explicitly.
Each of the elements or characteristics may be implemented in a form to be not
combined with other elements or characteristics. Furthermore, some of the
elements and/or the characteristics may be combined to form an embodiment of the
present invention. Order of the operations described in the embodiments of the
present invention may be changed. Some of the elements or characteristics of an
embodiment may be included in another embodiment or may be replaced with
corresponding elements or characteristics of another embodiment. It is evident that
an embodiment may be constructed by combining claims not having an explicit

citation relation in the claims or may be included as a new claim by amendments
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after filing an application.
[715] The embodiment according to the present invention may be implemented by
various means, for example, hardware, firmware, software or a combination of them.
In the case of an implementation by hardware, the embodiment of the present
invention may be implemented using one or more application-specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAS), processors, controllers, microcontrollers, microprocessors, etc.
[716] In the case of an implementation by firmware or software, the embodiment of
the present invention may be implemented in the form of a module, procedure or
function for performing the aforementioned functions or operations. Software code
may be stored in the memory and driven by the processor. The memory may be
located inside or outside the processor and may exchange data with the processor
through a variety of known means.
[717] It is evident to those skilled in the art that the present invention may be
materialized in other specific forms without departing from the essential
characteristics of the present invention. Accordingly, the detailed description should
not be construed as being limitative from all aspects, but should be construed as
being illustrative. The scope of the present invention should be determined by
reasonable analysis of the attached claims, and all changes within the equivalent
range of the present invention are included in the scope of the present invention.
[Industrial Applicability]
[718] The present invention has been described based on an example in which it
has been applied to the 3GPP LTE/LTE-A/5G (NextGen) systems, but may be

applied to various wireless communication systems in addition to the 3GPP LTE/LTE-
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[CLAIMS]
[Claim 1]
A method for a user equipment (UE) to perform reflective quality of service
(QoS) in a wireless communication system, the method comprising steps of:
receiving a downlink packet from a network, wherein the downlink packet is a
packet to which an application of the reflective QoS is indicated;
deriving a QoS rule based on the downlink packet;
applying a QoS marking of the downlink packet to an uplink packet using the
QoS rule and transmitting the uplink packet to the network; and
restarting a timer associated with the QoS rule when the downlink packet is
received before the timer expires.
[Claim 2]
The method of claim 1, further comprising a step of deleting the QoS rule
when the timer expires.
[Claim 3]
The method of claim 2, further comprising a step of starting the timer when
the downlink packet is received after the timer expires.
[Claim 4]
The method of claim 2, wherein a value of the timer is previously determined
in a protocol data unit (PDU) session establishment procedure of the UE.
[Claim 5]
The method of claim 2, wherein, when the network is an access network (AN),
the AN is a network node receiving reflective QoS indication indicative of the
reflective QoS application of the downlink packet and the QoS marking through an

encapsulation header on an N3 reference point from a user plane function.
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[Claim 6]

The method of claim 2, wherein the QoS marking corresponds to an identifier

of a QoS flow of the downlink packet.
[Claim 7]

The method of claim 6, wherein the QoS rule is used to determine a mapping

relation between the uplink packet and the QoS flow.
[Claim 8]

The method of claim 7, wherein the QoS rule comprises a packet filter
derived from the downlink packet, the QoS marking of the downlink packet, and a
precedence value used to determine an evaluation order of the uplink packet.

[Claim 9]

The method of claim 8, wherein the packet filter is derived from a header of

the downlink packet.
[Claim 10]

The method of claim 8, wherein the step of applying the QoS marking of the
downlink packet to the uplink packet using the QoS rule and transmitting the uplink
packet to the network comprises steps of:

filtering an uplink packet matched with the packet filter included in the QoS
rule by evaluating a plurality of uplink packets in the order of the precedence value;
and

applying the QoS marking included in the QoS rule to the filtered uplink
packet and transmitting the filtered uplink packet to the network.

[Claim 11]
The method of claim 2, wherein the step of deriving the QoS rule based on

the downlink packet comprises steps of:
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checking whether the QoS rule associated with the downlink packet is
present; and
deriving the QoS rule based on the downlink packet if the QoS rule
associated with the downlink packet is not present and starting the timer.
5 [Claim 12]
The method of claim 2, wherein the QoS rule derived according to the
reflective QoS application has lower priority than an explicitly signaled QoS rule.
[Claim 13]
The method of claim 2, wherein the application of the reflective QoS is
10 deactivated through a user plane or a control plane.
[Claim 14]
A user equipment (UE) for performing reflective quality of service (QoS) in a
wireless communication system, the UE comprising:
a communication module configured to transmit/receive a signal; and
15 a processor configured to control the communication module,
wherein the processor is further configured to:
receive a downlink packet from a network, the downlink packet being a
packet to which an application of the reflective QoS is indicated,
derive a QoS rule based on the downlink packet,
20 apply a QoS marking of the downlink packet to an uplink packet using the
QoS rule and transmit the uplink packet to the network, and
restart a timer associated with the QoS rule when the downlink packet is
received before the timer expires.
[Claim 15]

25 The UE of claim 14, wherein the processor is further configured to delete the
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QoS rule when the timer expires.



