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Introduction
In the previous SA plenary meeting (SA #76), study item titled “New SID on 5G enhanced Mobile Broadband Media Distribution” (SP-170332) was approved. The objective of the study item is to study aspects related to network architecture and device (UE) architecture, the constituent functions, interfaces, and APIs, wherever applicable, to support media distribution over 5G networks. In this paper, we present a brief overview of the 5G system architecture, as currently being defined in 3GPP SA2. 
5G Architecture
1. Reference Architecture

3GPP SA2 is progressing on the normative work on the specification of 5G system architecture and procedures in TS 23.501 and TS 23.502 respectively. As specified in TS 23.501, a number of network functions interface with each other to provide connectivity services to a UE. Different network functions play different roles (e.g., control plane, data plane entities) and help setup sessions and route traffic from the UE to the intended destination. 5G system architecture is based on separation of control and user plane thus allowing independent scalability, evolution and flexible deployments e.g. centralized location or distributed (remote) location. Other key principles and concepts based on which the 5G system architecture is being defined are:
· 
· Wherever applicable, define procedures (i.e. the set of interactions between network functions) as services, so that their re-use is possible.

· Enable each network function (NF) to interact with other NF directly if required. 

· Minimize dependencies between the Access Network (AN) and the Core Network (CN). The architecture is defined with a converged core network with a common AN - CN interface which integrates different 3GPP and non-3GPP access types.

· Support a unified authentication framework.

· Support "stateless" NFs, where the "compute" resource is decoupled from the "storage" resource.

· Support capability exposure.

· Support concurrent access to local and centralized services. To support low latency services and access to local data networks, UP functions can be deployed close to the Access Network.

· Support roaming with both Home routed traffic as well as Local breakout traffic in the visited PLMN.

Table 1 shows different network functions currently defined in TS 23.501:
Table 1: Different Network Functions in 5G Architecture
	Network Function
	Functional Description

	Authentication Server Function (AUSF)
	Provides AUSF authentication server functionality as specified by 3GPP SA3

	Access and Mobility Management Function (AMF)
	Terminates NAS signalling from the UE and provides registration, connection, reachability, and mobility management between the UE and 5G CN. It also helps with lawful interception, transparent proxy for routing SM messages, access authentication and authorization

	Unstructured Data Storage network function (UDSF)
	An optional function that provides storage and retrieval of information as unstructured data by any NF

	Network Exposure Function (NEF)
	Provides means for exposure of services and capabilities of network functions and users; translation of information exchanged between AF and internal network functions

	NF Repository Function (NRF)
	Provides service discovery functions

	Network Slice Selection Function (NSSF)
	Helps with selection of network slice instances service the UE, determining Allowed NSSAI, and determining the AMF Set to be used to serve the UE

	Policy Control function (PCF)
	Provides policy framework to govern network behaviour and policy rules to control plane functions; implements a front end to access subscription information relevant for policy decisions in UDR

	Session Management Function (SMF)
	Provides session management functionality such as session establishment, modification, and release functionality; UE IP address allocation and management; selection and control of UP function; traffic steering and policy enforcement; downlink data notification; roaming functionality etc. 

	Unified Data Management (UDM)
	Supports functionality such as authentication credential handling, user identification handling, access authorization, registration/mobility management, subscription management, and SMS management. 

	Unified Data Repository (UDR)
	Supports storage and retrieval of subscription data by the UDM front end; storage and retrieval of policy data by the PCF; storage and retrieval of information as structured data, such as location data and application data (including Packet Flow Descriptions (PFDs) for application detection, application request information for multiple UEs), by the NEF

	User Plane Function (UPF)
	Provides data plane functionality such as anchor point for intra-/inter-RAT mobility, point of interconnect to data network, packet routing and forwarding, packet inspection, traffic usage reporting, uplink classifier and branching point functionality, QoS handling, traffic verification, packet marking, and downlink packet buffering etc.

	Application Function (AF)
	Interacts with 3GPP network to support application influence on traffic routing, accessing Network Exposure Function, and interact with policy framework for policy control

	SMS Function (SMSF)
	Provides functionality to support SMS over NAS such as SMS subscription checking, SMS related CDR, lawful interception etc.

	Non-3GPP InterWorking Function (N3IWF)
	Provides functionality to connect non-3GPP network to 5G CN including IPSec tunnel establishment with the UE, relaying uplink and downlink control-plane NAS signalling between UE and AMF, relaying uplink and downlink user-plane packets between UE and UPF, QoS enforcement for user-plane packets etc. 


The network functions described above interface with each other as shown in the system architecture below using a service based representation (as described in TS 23.501). In service based representation, the interaction between two network functions is viewed as an access of a service provided by one NF to another NF. With this representation, service based interfaces exist between network functions and can be shown as follows (as described in TS 23.501):
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Figure 1: 5G System Architecture Using Service Based Interfaces

Table 2 lists the different service based interfaces defined in TS 23.501
Table 2: Service based Interfaces

	Interface Name
	Description

	Namf
	Service-based interface exhibited by AMF

	Nsmf
	Service-based interface exhibited by SMF

	Nnef
	Service-based interface exhibited by NEF

	Npcf
	Service-based interface exhibited by PCF

	Nudm
	Service-based interface exhibited by UDM

	Naf
	Service-based interface exhibited by AF

	Nnrf
	Service-based interface exhibited by NRF

	Nnssf
	Service-based interface exhibited by NSSF

	Nausf
	Service-based interface exhibited by AUSF


The network functions within the 5G Control Plane described in Table 1 interact with each other using service-based interfaces described in Table 2. Using its service-based interface, each network function may offer multiple services to other authorized network functions. Network functions may interact with other network functions by either using a request / response model or a subscribe / notify model. Table 3 shows a brief description of services provided by few network functions in the service based reference architecture of Figure 1.
Table 3: Services provided by Different Network Functions
	Network Function (Service Provider)
	Services
	Supported Service Operations and Service Consumers

	AMF
	Communication Service
	This service enables an NF to communicate with the UE and/or the AN through the AMF. Consumers of such a service include SMF, SMSF, PCF, NEF, Peer AMF

	
	Event Exposure Service
	This service enables other NFs to subscribe or get notified of the mobility related events and statistics. Consumers of such a service include SMF, NEF, PCF, UDM

	
	
	

	UDM
	Subscriber Data Management
	1. Allow NF consumer to retrieve user subscription data when necessary

2. Provide updated user subscriber data to the subscribed NF consumer;
Consumers include AMF, SMF

	
	UE context management
	1.
provide the NF consumer of the information related to UE's transaction information, e.g. UE's serving NF identity, UE status, etc.

2. allow the NF consumer to register, remove its information for the serving UE in the UDM 
Consumers include AMF, SMF, SMSF

	
	Authentication
	1. Provide updated authentication related subscriber data to the subscribed NF consumer.
 Consumer of such information includes AUSF 

	
	
	

	PCF
	Policy Control
	PCF provides all the operations related to policy rule to NF consumers such as AMF SMF.

	
	Event Notification
	PCF provides the policy related information / event to subscribed NF consumer such as NEF, AF.

	
	Policy Authorization
	PCF authorises an AF request and to create policies as requested by the authorised AF for the PDU-CAN session to which the AF session is bound to. Consumers of such information include AF, NEF

	
	
	

	
	
	

	
	
	

	NRF
	Management
	Provides support for Discovery of NF, NF services. Known consumers include AMF, SMF, PCF, NEF, NRF, SMSF, AUSF, UDM

	SMF
	PDU Session
	This service manages the PDU sessions and uses the policy and charging rules received from the PCF. The service operations exposed by this NF service allows the consumer NFs to handle the PDU sessions. Consumers of this service includes V-SMF, H-SMF, AMF

	
	Event Exposure
	This service exposes the events happening on the PDU sessions to the consumer NFs. Consumers include PCF, NEF, AMF

	SMSF
	SM Service
	This service allows AMF to authorize SMS and activate SMS for the served user on SMSF. Consumers of such service include AMF. 

	
	
	

	
	
	


In addition to the service based representation as shown in Figure 1, the 5G core network reference architecture can also be shown using a reference point representation as shown in Figure 2.
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Figure 2: Non-Roaming 5G System Architecture in reference point representation

Note 1: The network functions UDSF, NEF, NRF, and UDR are not shown in the architecture diagram as any network function can interface with them directly (or through other NFs) and use the services provided by them.

Note 2: The DN node in the above architecture diagram refers to the end data network to which the UE wishes to connect to

As shown in Figure 2 above, different network functions interface with each other to provide connectivity services to the UE. Table 4 below provides a brief description of the functionality of few significant reference points
Table 4: Reference Point Functionality
	Reference Point
	Description

	N1
	Used for exchanging NAS signalling between the UE and the core network. A separate NAS connection exists for each access the UE uses to connect to the core network. A single NAS connection is used for both Registration Management, Connection Management, and for SM-related procedures for a UE   

	N2
	Reference point used to connect core network to a standalone 3GPP access or a non-3GPP access (through N3IWF). Used to exchange the above N1 requests and responses between the UE and AMF.  

	N3
	Reference point between the (R)AN node and UPF for transporting user plane traffic both in uplink and downlink direction from/to the UE

	N4
	Reference point between SMF and UPF and used for provisioning and configuring UPF network functions for data plane. Session requests and responses are exchanged in between SMF and UPF for exchanging data plane configuration information

	N5
	Reference point between AF and PCF and used by application functions to configure policy and traffic routing configuration so PDU sessions can be controlled as desired

	N7
	Used by SMF and PCF for exchanging policy and QoS information to control PDU sessions from/to the UE

	N8
	Reference point between AMF and UDM to exchange information such as subscription profiles, service area restrictions, Subscribed S-NSSAIs etc for use during registration management and connection management

	N10
	Reference point between SMF and UDM to exchange SMF level subscription data, internal group identification information, supported SSC modes and default SSC mode, default 5QI/ARP (to set QoS parameters for QoS flow) etc. This information along with policy and QoS information from PCF helps SMF configure user plane parameters for PDU sessions 

	N11
	Reference point between AMF and SMF and is used to carry SM-related NAS messages from/to the UE. 








	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2. Roaming Architecture

The TS 23.501 also defines roaming reference architectures using service based and reference point representations. There are two kinds of roaming scenarios that are defined in TS 23.501 – local break out and home-routed scenarios. In local break out scenario, when a UE is roaming and in the VPLMN, the PDU session traffic from the UE can be routed to DNN by the VPLMN. However, for home routed scenario, the PDU session traffic from the UE are routed to the DNN through the HPLMN. Figure 3 shows the roaming architecture for local breakout scenario with AF in VPLMN in service based representation.  
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Figure 3: Roaming 5G System architecture- local breakout scenario with AF in VPLMN in service-based interface representation
In Figure 3, the AF is inside the VPLMN. It is also possible that the AF can be inside the HPLMN. Figure 4 shows the roaming architecture for local breakout scenario with AF in HPLMN in service based representation.
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Figure 4: Roaming 5G System architecture- local breakout scenario with AF in HPLMN in service-based interface representation
Figure 3 and Figure 4 show the roaming architecture for local break out scenario. Figure 5 below shows the roaming architecture for the home routed scenario in service-based interface representation. 
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Figure 5: Roaming 5G System architecture - home routed scenario in service-based interface representation
In addition to the service-based representation, TS 23.501 provides 5G system roaming architectures for both the local breakout and home routed scenarios using the reference point representation. In addition, TS 23.501 also describes roaming architectures for both the local breakout and home routed scenarios when the UE accesses the 5G core network using untrusted Non-3GPP access.   
3. High Level Features of 5G System for Media Delivery
This section describes few of the high level features of the 5G system that are significant for media delivery and transport.  
3.1 Usage of UL Classifiers for PDU Session 
The Session Management Function (SMF) may insert an UL CL (uplink classifier) in the data path of the PDU session. The UL CL is a functionality supported by an UPF that aims at diverting (locally) some traffic matching traffic filters provided by the SMF.  The SMF may dynamically insert and remove an UL CL inside a UPF for a PDU session. The SMF may include more than one UPF supporting the UL CL functionality in the data path of a PDU session.
When a UPF with UL CL is inserted in the data path of the PDU session, the UL CL forwards PDU session traffic to different PDU session anchors of the PDU session. Each PDU session anchor provides a different access to the same DNN for the PDU session. As a result, the UL CL provides forwarding of uplink traffic to multiple PDU session anchors and merge of downlink traffic from multiple PDU session anchors.  
The insertion of an UPF with a UL CL in the data path of a PDU session is depicted in Figure 6. 
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Figure 6: User plane Architecture for the Uplink Classifier
3.2 Support for Local Area Data Network  

As described in TS 23.501, LADN provides local access to a DN (data network) for a PDU session from the UE. The availability of LADN is informed to the UE by the network and the UE is allowed to access the LADN only if the UE is in the service area of the LADN. The LADN service areas are managed by the network and the AMF inside the 5G core network keeps track of the mobility information of the UE. The SMF gets to know about the UE location information from the AMF and LADN service area, and it allows the UE to use the LADN as long as it is in the LADN service area. 
The UE can request a PDU session to the LADN and perform session establishment procedures as described in TS 23.502. However, whenever the UE leaves the LADN service area, the UE may not release the PDU session and use the same PDU session when it gets back into the LADN service area. 
3.3 Application Function Influence on Traffic Routing  

The Application Functions (AF) may influence SMF routeing decisions made by the SMF for traffic of PDU sessions. A trusted AF interacts directly with other network functions inside the network. However, for an untrusted AF, all traffic from the AF goes through the NEF before reaching the network functions inside the network. 
The requests from the AF are sent to the PCF which translates AF requests into policies which are then configured in other network functions as appropriate and ultimately applied to the PDU sessions. 
An Application Function may
· Influence UPF (re)selection and allow routeing user traffic to a local access to a Data Network 
· Issue requests on behalf of applications not owned by the PLMN serving the UE

· Be in charge of the (re)selection or relocation of the applications within the local DN

The requests from AF to influence routeing decisions may contain at least:

· Information to identify the traffic to be routed (e.g., slicing information, AF-Service-Identifier)
· Information about the N6 traffic routing requirements for traffic identified as defined in 1). This is provided in the form of a list of routing profile IDs, corresponding each to a DNAI. Based on the routing profile ID the PCF determines traffic steering policy IDs sent to SMF that each corresponds to a steering behaviour which is preconfigured on the SMF or UPF.

· Potential locations of applications towards which the traffic routing should apply. The potential location of application is expressed as a list of DNAI(s). 

· Information on the UE(s) whose traffic is to be routed

· Information on when (temporal validity condition) the traffic routing is to apply.

· Information on where (spatial validity condition) the UE(s) are to be when the traffic routing applies
· AF subscription information to certain events such as notifications about UPF path management events
Based on the information received from the AF, the SMF may use that information to:
· (re)select UPF(s) for PDU sessions

· activate mechanisms for traffic multi-homing or enforcement of an UL Classifier (UL CL)

· inform the Application Function of the (re)selection of the UP path
3.4 Support for Mobile Edge Computing  

TS 23.501 describes 5G system support for mobile edge computing by describing how 3rd party services can be hosted closer to the edge of the core network and the UE. The 5G system provides different functionality to support mobile edge computing such as the following: 
· User plane (re)selection
· Local routing and traffic steering
· Session and service continuity
· AF influence on UPF (re)selection and traffic routing
· Network capability exposure
· QoS and charging
· Support for Local Area Data Network (LADN)  
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