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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

This technical report studies and evaluates architecture enhancements on potential optimizations to the Release 15 Service-Based Architecture (SBA) in order to provide higher flexibility and better modularization of the 5G System for the easier definition of different network slices and to enable better re-use of the defined services. Moreover, the technical report considers mechanisms in order to better support automation and high reliability of network function service(s). The following aspects are covered:

-
Optimizing the modularization of the system to improve its agility.
-
Extending the service concept from 5GC control plane to the user plane function(s).
-
Further improvements to service framework related aspects.
-
Architectural support for highly reliable deployments, considering.
-
Study backward and forward compatibility implications resulting from the above bullets.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".

[3]
3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Architectural Requirements, Principles and Assumptions
Editor's note:
This clause will list general architectural requirements, principles and assumptions for this study.
4.1
Architectural Requirements

Editor's note:
This clause will list general architectural requirements for this study.
Services shall be fully self-contained, reusable, and shall have independent life-cycle management (e.g. for scaling, healing, etc.).
The services deployed within a Network Slice shall be able to communicate efficiently with minimal information about the Network Slice configuration.

4.2
Architectural Principles
Editor's note:
This clause will list general architectural principles for this study.
-
For interaction between UE/RAN and 5GC, the NF services interactions within 5GC have no impact on NG-RAN or UE, and 5GC interacts with UE and RAN via the specified Reference Point(s).

-
For interaction between EPC and 5GC, the NF services interactions within 5GC have no impact on EPC network entities, and 5GC interacts with EPC network entities via the specified Reference Point(s).

4.3
Architectural Assumptions
Editor's note:
This clause will list general architectural assumptions for this study.
The assumption is that 5GS architecture supports cloud deployments (fully virtualized) and can make use of cloud operation mechanisms, e.g. auto-scaling, self-healing in line with e.g. ETSI NFV specifications.
The implementation architecture is outside of 3GPP SA WG2 scope. For example, how 3GPP NFs/NF Services are grouped into (VNFs) and how the resources for VNFs are managed is outside of 3GPP SA WG2 scope.
5
Key Issues

5.1
Key Issue 1: Optimal modularization of the system
5.1.1
Description

Optimal modularization of the system shall:
-
enable deployment/configuration of single/separate 5GC services within a network slice which will:
-
improve the system's agility in terms of tailoring its functionality and features, e.g. for network slicing.
-
improve flexibility in terms of dynamic addition and removal of services and independent lifecycle management of services instances within the network or network slice.
-
enable/enhance re-usability of single services.
-
describe principles to be used for an optimal modularization/granularity of services that enables different deployment scenarios (e.g. different levels of service modularization for different NF types)/slice types.

-
achieve appropriate service granularity, i.e. compared to Release 15 NF service definition for existing features and functionalities:
-
remove dependencies between services in order to enable independent implementation and deployment of single/separate services.

-
enable services to be deployed by their own without mandatorily relying on a certain NF, through proper service modelling.
-
clarify how generic the service design should be to enable features to be used beyond the interactions described in procedure flows.
-
study relation between services and system features (modules), e.g. identify where services should be merged where necessary.
-
clarify self-contained, reusable, and independent life-cycle management of services.
5.2
Key Issue 2: Extend Service Concept into User Plane
5.2.1
Description

In Rel-15, the Service Concept has been introduced into control plane of 5G core. This key issue will study extending the service concept from 5GC control plane to the user plane function(s), however, this key issue will focus on how to extend service concept only to the N4 interface, but not to the N3/N6/N9 interface.
This key issue study following aspects:
-
How to integrate the specific aspects of the UPF (e.g. its resources, states of PDU Sessions and user plane tunnels,etc.) into the service-based architecture model and make sure that those aspects of UPF are encompassed by existing principles of SBA and those going to be newly defined during this study.
-
What will UPF expose/consume on the service interfaces to/from SMF? e.g. service related to PDU Sessions and user plane tunnel establishment, etc.
-
Possibility of structuring and separating services into control, reporting and exposure services.
-
Any impact to the session management procedure defined in TS 23.501 [2] and TS 23.502 [3] due to UPF having a service based interface?
-
The bootstrap procedures of UPF with service interface, e.g. Whether the Procedure defined in clause 4.17 of TS 23.502 [y] can be re-used or need to define new procedures?
-
Within the mix deployment of both the UPF using PtP interface and UPF using service based interface e.g. within a single PLMN, how to handle session management procedures e.g. UPF selection, UPF relocation, etc?
NOTE:
As stated in the Objectives of the eSBA SID, impacts to User Plane traffic processing are not expected in the eSBA study. Therefore, solutions proposed to address this key issue are not expected to impact functionality handling User plane traffic processing. In addition, solutions addressing this key issue shall not impactN3/N9 tunnelling protocols defined in Rel-15.

5.3
Key Issue 3: Improvements to service framework related aspects
5.3.1
Description

Aiming to further optimize 5G service based architecture this key issue will:

-
identify the set of common service framework functionalities, i.e. that are not part of the service logic.
-
study improvements of service framework related aspects, i.e.:
-
service addressing and communication, e.g., through direct/indirect ways.
-
service discovery, registration & authorisation, in line with the optimisations in Key Issue 1.
-
selection of a service instance when more than one instance is available to process a given service operation".
-
other communication/interaction related functionalities.
study where to place the common service framework functionalities Any solutions should aim to ensure that implementations can use current as well as possible future implementation technologies and design patterns developed by communities outside 3GPP and should also avoid lock ins to specific technologies.

5.4
Key Issue 4: Architectural support for highly reliable deployments
5.4.1
Description

When the 5GC services are deployed in a cloud environment, it is expected that the overall reliability of the system shall be at least the same as the reliability of today's non-cloud based systems. Therefore, the service-based architecture should be designed in a way that seamless replacement, addition or removal of services is possible and does not require specific (re-)configuration (e.g. point to point interfaces or UE specific binding) of both the running and the new component(s).

NOTE 1:
It is assumed that this functionality introduced for CP NFs/NF services can be an enabler for ultra-reliable communication (URLLC).

NOTE 2:
This key issue focuses on the control plane functions of the 5GC.

This key issue will study architectural aspects supporting highly reliable deployments in virtualized environments (i.e. built for cloud) including e.g. (non-exhaustive list):
-
automation to support independent life cycle management as well as failover handling of 5GC NFs and/or service instances.

-
impact on service operation to support scenarios with and without long-living UE-specific bindings between service instances, e.g., by separating functional processing from state repository or other mechanisms.

-
support traceability and monitoring as needed to support automation.

NOTE 3:
Solutions may reuse, where applicable, the enablers for network automation studied in FS_eNA.
5.5
Key Issue 5: SBA backward and forward compatibility
5.5.1
Description

This study item analyses potential enhancements of the Rel.15 SBA. It is clear that operators who deploy the Rel. 15 SBA would need compatibility with and migration path towards a Rel.16 SBA.

While the actual backward compatibility and forward compatibility of each solution and the migration path from the Release15 baseline are expected to be part of the respective solution evaluation this key issue will
-
provide definitions for backward compatibility and forward compatibility

-
develop design principles for backward and forward compatibility and how to apply it to the design of the components of the 5GC

5.6
Key Issue 6 - system flexibility and service provisioning
5.6.1
Definition
System Feature: The set of Network Functions and/or NF services that are used for delivering end user services provided by 5G system.
Editor's note:
The definition of System Feature may be further updated.
5.6.2
Description
System flexibility enables the efficient support of 5G System Features in the network. The network may support multiple System Features, and these System Features may be added/updated/removed within a network in operation.

This key issue will study:

-
The principles for identifying System Features.
-
Identifying and listing the set of System Features provided by the 5G system.
-
How to associate a System Feature with the related NFs, system procedures/NF services.

-
Potential enhancements to the service framework for better support of system features e.g. service discovery.
-
How to provision a network based on System Features, including: the required NFs and/or NF services.

-
The relationship between System Features and Network Slices.
5.X
Key Issue X: <Key Issue Title>
5.X.1
Description

Editor's note:
This clause provides a short description of the key issue.
6
Solutions
6.X
Solution #X: <Solution Title>

6.X.1
Introduction
Editor's note:
This clause lists the key issue(s) addressed by this solution.

6.X.2
High-level Description

Editor's note:
This clause outlines solution principles, assumptions and high-level architectures, etc.

6.X.3
Illustrated Procedures

Editor's note:
This clause describes related high-level procedures for the solution.
6.X.4
Impacts on existing NFs, NF services and interfaces
Editor's note:
This clause describes impacts to existing services and interfaces.

6.X.5
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

7
Evaluation
Editor's note:
This clause will provide a general evaluation of the solutions.
8
Conclusions

Editor's note:
This clause will capture conclusions from the study.

Annex A:
3GPP SBA and ETSI NFV concepts

A.1
Introduction
In this annex we aim to align the understanding and terminology around architecture concepts in 3GPP and other fora's relevant for the eSBA study. It is important to understand and separate the different perspectives of the architectural concepts. This annex clarifies the differences and relationships between the following perspectives:

-
Logical functional architecture perspective – defined in 3GPP

-
Managed Element perspective – defined by ETSI, Vendor, etc.

-
Implementation architecture – defined by Vendor (considering requirements from Network Operators)

Note that 3GPP SA5 is responsible for the management of 3GPP functions including NF LCM and the interactions with ETSI NFV MANO. This is, however, not further described in this annex.

A.2
Architecture perspectives

A.2.1
3GPP Rel-15 architecture

3GPP defines a logical functional architecture and, as a part of 3GPP Rel-15, has defined a logical functional Service Based Architecture i.e. 3GPP SBA.

The 3GPP Rel-15 SBA architecture defines a set of Logical Network Functions (NFs). Each 3GPP NF may produce and/or consume one or more service capabilities (3GPP NF Services) through a 3GPP defined Service Based Interface (SBI).
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Figure A.2.1-1: Simplified 3GPP Service based architecture according to 3GPP Rel-15

A.2.2
ETSI NFV including MANO

The ETSI NFV architecture specifies the management view of the resources required by the applications. This means that ETSI specifies how resources required by any software are managed and orchestrated via a generic management and orchestration (MANO) architecture framework. ETSI NFV specifies how the resources for a VNF instance can be life cycle managed, upgraded and inter-connected.

The VNF (Virtualised Network Function)

The term VNF is defined by ETSI NFV. A VNF is a managed element. i.e. it offers an aligned point of integration towards an Element management function and OSS/BSS, see Figure A.2.2-1. A VNF also need have clearly defined interfaces, whether standardized or proprietary, allowing it to communicate with other VNFs.
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Figure A.2.2-1: ETSI NFV architecture (ETSI GS NFV 002 v1.2.1)

The VNFC (Virtual Network Function Component)

The VNFC is defined in the ETSI GS NFV- 003 specification and some characteristics of a VNFC are:

-
A VNF may be composed of one or multiple components, called VNFC.

-
A VNFC is a VNF Providers specific component of a VNF, and VNFC Instances (VNFCIs) are the executing constituents which make up a VNF Instance.
-
A VNF realized by a set of one or more VNFCs appear to the outside as a single, integrated system.
-
Some VNF LCM aspects can be solved with VNFC level operations (e.g. horizontal scalability, upgrade, self-healing).
So, VNFC instance runs in a VM or a container and implements either the full scope of the VNF or a subset of a VNF. A VNFC instance is considered one Unit of Deployment.
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Figure A.2.2-2: VNFC relation to VNF

A.3
The relationships

A.3.1
3GPP Network Function vs ETSI VNF

The ETSI NFV constructs of VNF and VNFC provide the flexibility of various implementation and deployment options for a 3GPP NF and its 3GPP NF Services.

A VNF can, but does not have to map 1:1 to a 3GPP NF and ETSI NFV allows also for other options, such as one VNF may be used to deploy and manage resources for multiple 3GPP NFs. In 3GPP Rel-15 5GCN the 3GPP NF is the smallest logical entity exposing multivendor interfaces.

How 3GPP NFs are grouped into managed elements (VNFs) is a task for the vendor (based on requirements to be fulfilled e.g. from operators) and it is outside of 3GPP SA WG2 scope. The grouping in Figures A.3.1-1, A.3.1-2, and A.3.1-3 are examples, not proposals, for how NFs could be grouped.
NOTE:
Depending on the eSBA work for 5GCN in Rel-16 there may be additional possibilities to group one or more services in a VNF.
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Figure A.3.1-1: 3GPP Rel 15 NF granularity of managed element deployed as a VNF
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Figure A.3.1-2: Grouping of 3GPP NFs into managed elements (VNFs)
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Figure A.3.1-3: Single managed element for entire 5GCN

A.3.2
Microservice implementations and 3GPP Rel-15 SBA and ETSI NFV

The implementation architecture is orthogonal to 3GPP SBA and is vendor specific.

The functionality and service capabilities of a 3GPP NF/NF Service will typically be realized by using several microservices.

As per ETSI NFV Release 3, a microservice can map 1:1 to VNFC but the granularity of the microservice is determined only by the implementations and deployment scenario. For example, while in some cases a full 3GPP NF Service can be implemented as a single monolithic component, in other cases implementations may use several microservices as part of the realization of the 3GPP NF Service.

Since it is application-agnostic, ETSI NFV does not have the awareness of what the 3GPP NF or the 3GPP NF Service is, nor which grouping of VNFCs or VNFs realize one 3GPP NF, or one 3GPP NF Service (this is within 3GPP SA WG5 scope).

A.4
Lifecycle management

The VNF resource LCM (Lifecycle Management) is defined by ETSI NFV, is outside 3GPP SA WG2 scope:
-
VNFs are always separately lifecycle managed i.e. they can be scaled and upgraded independently.
-
VNFCs can be upgraded independently and scaled independently.
NOTE:
This assumes ETSI NFV release 3, including ongoing/planned work. In addition, some implementations may require multiple co-located containers that are tightly coupled and share resources. Such implementations need to scale the containers and resources together as a single entity.

In ETSI NFV there are additional mechanisms available that allows the VNF provider to place constraints at the VNF to couple the LCM of several VNFs or VNFCs.
Annex B:
Example of System Features
Table B-1: Example of System Features
	R-15 system feature
	Required NF
	NF Services*

	SMS over NAS
	AMF, SMSF, UDM
	Nsmsf_SMService

Nudm_UECM

Namf_Communication

	LCS
	LMF, AMF, GMLC, UDM
	Nlmf_Location

Namf_Location

Nudm_UECM


NOTE 1:
The NF Services listed in this table are not yet complete nor exhaustive.
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