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1	Impacts
{For Normative work, identify the anticipated impacts. For a Study, identify the scope of the study}
	Affects:
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2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …

	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item



2.2	Parent Work Item

	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	N/A
	
	
	



2.3	Other related Work Items and dependencies

	Other related Work /Study Items (if any)

	Unique ID
	Title
	Nature of relationship

	N/A
	
	



Dependency on non-3GPP (draft) specification:
3	Justification
The 5G system supports multiple services such as Media Streaming service, IP Multimedia Subsystem services, Mission-critical services, Multicast/Broadcast Service (MBS) etc. The typical delivery architecture for these services has been shown in Figure 1 below [1]. The services are provided to users (UEs) by an independent Application Provider comprising of an Application Function/Application Server (AF/AS) via the data sessions established through the 5GS User Plane.
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Figure 1: Delivery of Application Provider Services (5G Media Streaming etc.) in 5G system [1]
In addition to these external (Application Provider based) services supported by the 5GS, there are some intrinsic (built-in) services offered by the 5GS like mobility, user authentication, PDU connectivity service, radio connection management, etc. These services are not always apparent to the end-user, but they form an essential part of the 5GS. 
We notice that the services provided by an Application Provider are enabled in a different manner than the built-in services in 5GS. The AF/AS is typically an entity external to the 5GS. It interacts with the 5GS via standardized interfaces, both with the 5G Control Plane (CP) as well as the User Plane (UP). For example, the MBS AF/AS sends the multicast/broadcast data to the 5G UP function (MB-UPF) via the N6mb interface to be forwarded to the end-users (UEs). In addition, the MBS AF/AS also interacts with the 5G CP (NEF) via the N33 interface for the establishment of the multicast/broadcast session through the 5GS [2].  An important point to note here is that the AF/AS may also need to interact with the UEs before setting up the multicast/broadcast data sessions. For example, UEs exchange signalling messages with AF/AS to indicate their interest in joining a particular multicast session before the session is established. This signalling message exchange between the UE and the AF/AS provides the requirements to the AF/AS for the multicast data session to be established later (via the 5GS UP) to deliver the service to UEs. This flow has also been highlighted in Figure 1. A point to note here is that the initial signalling exchange between the UE and AF/AS also takes place over a data (PDU) session established earlier similar to the delivery of content via multicast session later. It should also be noted that AF/AS itself cannot set up the multicast data session through the 5G UP but requests the 5G CP through a standardized interface to set up the session through the 5G UP.
While the Application provider AF/AS is decoupled from the 5GS and accesses it (5GS) via standardized interfaces to support the service delivery, the delivery of built-in services is tightly integrated within the control plane of the 5GS. However, it appears that the 5GS CP functionalities can also be split into two distinct categories, as shown in Figure 2. One set of functionalities involves controlling and managing user plane entities, i.e., management of data sessions (data paths) in CN (UPF) and NG-RAN (gNB-DU, gNB-CU-UP). These functionalities can be a part of network control functions. It may include those parts of SMF & gNB-CU-CP functionality, which are essentially responsible for managing data sessions through UP. The other set of functionalities, responsible for either directly providing or enabling the built-in services, can be a part of the built-in service functions. These built-in service functions may exchange signalling messages with UEs, collect service-related requirements and either directly provide or enable the delivery of service to them, such as authentication service (an example of direct service delivery) or PDU connectivity service (enabled by the built-in service functions). The built-in service functions may include certain CP NFs or components of certain CP NFs such as the NAS layer in the AMF and the RRC layer in the gNB-CU-CP, or the AUSF. These components/NFs are other than those included as part of network control functions. Obviously, the enabling of certain services may also require interaction between these two categories of functions. For example, in order to provide the PDU connectivity service to a UE, the built-in service functions may communicate with a UE via NAS messages to collect the requirements for the PDU session and request the network control functions to setup the PDU session through the 5G UP. As another example, such interactions may be required to support the connected mode mobility service, say, when a UE is moving from one gNB-DU to another gNB-DU. In this case, the built-in service functions, using the RRC layer functionality, may interact with the mobile UE to collect the measurement reports. Once the measurement reports are collected, the built-in service functions may request the network control functions to set up the data bearers for the UE over the target gNB-DU and also delete the data bearers at the source gNB-DU. Finally, the built-in service function may provide the mobility related information to the UE via an RRC message so that the UE can move to the target gNB-DU.
Obviously, both these types of functionalities, which are currently present in the 5GS CP are tightly coupled to each other. As part of this study item, we would like to investigate if these two types of functionalities can be decoupled with each other and separated through a standardized interface as shown in figure 3 below.
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Figure 2: Decoupling of 5G control plane
Apparently, once decoupled, these built-in services can also be treated like external services provided by an Application Provider. Similar to the AF/AS based architecture for service delivery, the signalling related to a built-in service can be exchanged with a UE over a data path (i.e., a signalling path or an SRB) by the built-in service functions. The network control functions interact only with built-in service functions (and not with a UE directly) and establish the required data path for a service, e.g., PDU connectivity service or mobility etc. The modified 5GS architecture is illustrated in Figure 3. Apparently, the interaction between the two groups of functions may be standardized similar to that between the AF/AS and the 5G CP.
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Figure 3: Decoupled built-in service delivery architecture.
The purpose of this study item is to answer the following questions:
1. Is a tight coupling between the “built-in service” and the “network control” functionalities in 5G CP desirable? 
2. If not, how can they be decoupled? What architectural options are available to decouple them?
a. One of the key questions to be answered here is if it is possible to modify the 5GS architecture to support the built-in services similar to the support for external AF/AS based services, as shown in Figure 3?
3. Which entity(s) in 5G CP should handle the signalling exchange (NAS/RRC message exchange) with UEs? Should the functions (or components) responsible for signalling exchange with UEs be cleanly separated from the network control functionality by making them a part of built-in service functions as suggested in figure 3?
4. Does decoupling of these two functionalities (separated by a standardized interface) bring some benefits, e.g.,
a. Enhanced modularity in the network with separation of concern in the 5G CP with the well-defined interface between the services and network control functionalities.
b. Simplification of information flow in 5GS control plane
c. Improved Alignment with SDN principles – In a standard SDN-based network architecture, an SDN Controller (network control function) performs data flow (data session) management to enable transfer of data through the network, i.e., through the user plane functions. However, the controller is typically not responsible for signalling exchange with end users (UEs) to collect session related requirements. There may be service/application functions in SDN based networks, which may interact with users to collect these requirements from them and provide the information to the control plane to configure the data (user) plane appropriately. Will the 5GS CP become better aligned with SDN paradigm by separating the UE signalling exchange from the network control functionality?
d. Enable easy deployment of use case-specific variants of UE signalling protocols and associated state machines – If the functions (or components) responsible for signalling exchange with UEs is cleanly separated from the network control functionality by making them a part of built-in service functions, will it be easier to deploy use case (e.g., URLLC or eMBB) specific signalling protocols and state machines?

References:
[1] 3GPP TS 26.501, "5G Media Streaming (5GMS); General description and architecture" V16.8.0, Release 16
[2] 3GPP TS 23.247, "Architectural enhancements for 5G multicast-broadcast services", V17.0.0, Release 17


4	Objective

The study aims to achieve the following objectives: 
1. Identification of key issues with the existing 5G CP architecture (due to the tight coupling between the network control and built-in service functionalities)
2. Identification of architectural options to decouple the network control with built-in service functionalities
3. Resolution of the key issues through proposed architectures and the evaluation of the architectural options
a. Assessment of the proposed architectural options towards resolution of the key issues
b. Analysis of the advantages of different architectural options
c. Identification of new interfaces
4. Selection of the system architecture and analysis of its impact on
d. CP network functions in the CN
e. CP network functions in the RAN
f. Interface protocol stacks, e.g., Interfaces such as NG (N2), F1, E1, N4 etc.

TU estimates and dependencies
	Work Task ID
	TU Estimate (Study)
	TU Estimate (Normative)
	RAN Dependency (Yes/No/Maybe)
	Interwork Task Dependencies

	WT#1
	1.5 TU
	
	Yes
	WT#1 is self-contained

	WT#2
	0.5 TU
	
	Yes
	WT#2 is dependent on WT#1

	WT#3
	
	
	Yes
	WT#3 is dependent on WT#2

	WT#3.1
	1.5 TU
	
	
	

	WT#3.2
	0.5 TU
	
	
	

	WT#3.1
	0.5 TU
	
	
	

	WT#4
	
	
	Yes
	WT#4 is dependent on WT#3

	WT#4.1
	0.5 TU
	
	
	

	WT#4.2
	0.5 TU
	
	
	

	WT#4.3
	0.5 TU
	
	
	



Total TU estimates for the study phase: 6
Total TU estimates for the normative phase: 0
Total TU estimates: N + M = 6


5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Rapporteur

	External TR
	TBD
	Study on Decoupling Built-in Network Services from Network Control
	TBD
	TBD
	Khaturia, Meghna, IIT Bombay, meghnak@iitb.ac.in





	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	NA
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