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[bookmark: _Toc455504134][bookmark: _Toc481503672][bookmark: _Toc50745557]Intellectual Property Rights
Essential patents 
IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web server (https://ipr.etsi.org).
Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web server) which are, or may be, or may become, essential to the present document.
Trademarks
The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.
[bookmark: _Toc455504135][bookmark: _Toc481503673][bookmark: _Toc50745558]Foreword
[bookmark: For_tbname]This Group Report (GR) has been produced by ETSI Industry Specification Group Network Functions Virtualisation (NFV).
[bookmark: _Toc455504136][bookmark: _Toc481503674][bookmark: _Toc50745559]Modal verbs terminology
In the present document "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions).
"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
[bookmark: _Toc455504137][bookmark: _Toc481503675][bookmark: _Toc50745560]Executive summary

[bookmark: _Toc455504138][bookmark: _Toc481503676][bookmark: _Toc50745561]Introduction



[bookmark: _Toc455504139][bookmark: _Toc481503677][bookmark: _Toc50745562]1	Scope
The present document contains a feasibility study on the application of a Service-Based Architecture (SBA) design style to the NFV architectural framework specified in ETSI GS NFV 002 [i.1]. This includes – but is not limited to – studying aspects such as making interfaces independent from reference points, identifying potential NFV services.
The present document provides recommendations on the evolution of the ISG specifications structure and on normative work to be carried out to apply SBA design patterns to the NFV architectural framework.…
[bookmark: _Toc455504140][bookmark: _Toc481503678][bookmark: _Toc50745563]2	References
[bookmark: _Toc455504141][bookmark: _Toc481503679][bookmark: _Toc50745564]2.1	Normative references
Normative references are not applicable in the present document.
[bookmark: _Toc455504142][bookmark: _Toc481503680][bookmark: _Toc50745565]2.2	Informative references
References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references, only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.
NOTE:	While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee their long term validity.
The following referenced documents are not necessary for the application of the present document but they assist the user with regard to a particular subject area.
[i.1]	ETSI GS NFV 002: "Network Functions Virtualisation (NFV); Architectural Framework".<Standard Organization acronym> <document number><version number/date of publication>: "<Title>".
[i.2]	ETSI GS NFV 003: "Network Functions Virtualisation (NFV); Terminology for main concepts in NFV".etc.
[i.3]	Frank Mademann, “The 5G system architecture”,  Journal of ICT Standardization, Vol.6, Combined Special Issue 1 & 2, May 2018.
[i.4]	N. Ford, “Comparing Service-based Architectures”, available on-line
http://nealford.com/downloads/Comparing_Service-based_Architectures_by_Neal_Ford.pdf.
[i.5]	International standard ISO/IEC 18384-1, “Information technology — Reference Architecture for Service Oriented Architecture (SOA RA) — Part 1: Terminology and concepts for SOA”
	https://standards.iso.org/ittf/PubliclyAvailableStandards/c063104_ISO_IEC_18384-1_2016.zip
[i.6]	Architectural Styles and the Design of Network-based Software Architectures, Roy Thomas Fielding (2000), available on-line at http://www.ics.uci.edu/~fielding/pubs/dissertation/top.htm
[i.7]	ETSI GS NFV-MAN 001: "Network Functions Virtualisation (NFV); Management and Orchestration".
 [i.8]	ETSI GS NFV-IFA 005: "Network Functions Virtualisation (NFV) Release 3; Management and Orchestration; Or-Vi reference point - Interface and Information Model Specification".
 [i.9]	ETSI GS NFV-IFA 006: "Network Functions Virtualisation (NFV) Release 3; Management and Orchestration; Vi-Vnfm reference point - Interface and Information Model Specification".
 [i.10]	ETSI GS NFV-IFA 007: "Network Functions Virtualisation (NFV) Release 3; Management and Orchestration; Or-Vnfm reference point - Interface and Information Model Specification".
 [i.11]	ETSI GS NFV-IFA 008: "Network Functions Virtualisation (NFV) Release 3; Management and Orchestration; Ve-Vnfm reference point - Interface and Information Model Specification".
 [i.12]	ETSI GS NFV-IFA 013: "Network Functions Virtualisation (NFV) Release 3; Management and Orchestration; Os-Ma-Nfvo reference point - Interface and Information Model Specification".
 [i.13]	ETSI GS NFV-IFA 030: "Network Functions Virtualisation (NFV) Release 3; Management and Orchestration; Multiple Administrative Domain Aspect Interfaces Specification".
 [i.14]	ETSI GS NFV-SOL 002: "Network Functions Virtualisation (NFV) Release 2; Protocols and Data Models; RESTful protocols specification for the Ve-Vnfm Reference Point".
 [i.15]	ETSI GS NFV-SOL 003: "Network Functions Virtualisation (NFV) Release 2; Protocols and Data Models; RESTful protocols specification for the Or-Vnfm Reference Point".
 [i.16]	ETSI GS NFV-SOL 005: "Network Functions Virtualisation (NFV) Release 2; Protocols and Data Models; RESTful protocols specification for the Os-Ma-nfvo Reference Point".
 [i.17]	ETSI GS NFV-SOL 012: "Network Functions Virtualisation (NFV) Release 2; Protocols and Data Models; RESTful protocols specification for the the Policy Management Interface".

[bookmark: _Toc451532925][bookmark: _Toc50745566]3	Definition of terms, symbols and abbreviations
[bookmark: _Toc451532926][bookmark: _Toc50745567]3.1	Terms
For the purposes of the present document, the [following] terms [given in ... and the following] apply:
NFV-MANO Functional Entity		Entity that provides one or more NFV-MANO Services.
Consumer		Entity, function or service which makes use of a NFV-MANO Service via an exposed NFV-MANO Service Interface 
	Editor’s Note: The definition needs to be merged with the current definition in NFV003, where consumer has a more limited scope (to only internal MANO consumers). Resulting “Consumer” definition in NFV003 need to show it can also consume reference points of MANO in addition to NFV-MANO Services.
NFV-MANO Producer:	Entity that exposes an NFV-MANO Service it offers, via one or more NFV-MANO Service Interfaces
NFV-MANO Service: 	Well-defined set of related NFV-MANO capabilities, defined in a Consumer-agnostic manner 
NFV-MANO Service Interface: 	Functional set of operations that expose an NFV-MANO Service

[bookmark: _Toc455504145][bookmark: _Toc481503683][bookmark: _Toc50745568]3.2	Symbols
For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

[bookmark: _Toc455504146][bookmark: _Toc481503684][bookmark: _Toc50745569]3.3	Abbreviations
For the purposes of the present document, the [following] abbreviations [given in ETSI GS NFV 003 [i.2]... and the following] apply:

CBSE	Component-Based Software Engineering
DNS	Domain Name Service
ESB	Enterprise Service Bus 
HTTP	Hypertext Transfer Protocol
NFV-P	NFV-MANO Producer
NFV-S	NFV-MANO Service
NFV-SI	NFV-MANO Service Interface
NFV-SR		NFV-MANO Service registry
NFV-ISCom		NFV-MANO Inter-service Communication service
REST	Representational State Transfer
ROA	Resource-Oriented Architecture
SBA	Service Based Architecture
SBI		Service Based Interfaces
SOA	Service Oriented Architecture

[bookmark: _Toc455504147][bookmark: _Toc481503685][bookmark: _Toc50745570]4	General
[bookmark: _Toc455504148][bookmark: _Toc481503686][bookmark: _Toc50745571]4.1	The facts about Service Based Architecture design style
Service-Based Architecture (SBA) is an architectural style that places emphasis on the services provided by individual architectural components rather than on the relationships between pre-defined pairs of architectural components. The concept has been around for many years and has been revitalized by 3GPP’s decision to apply this design style.
There is no formal definition of what SBA really means. In the technical literature, the definition actually varies according to the authors. In some cases, SBA is used as a portmanteau word encompassing Service Oriented Architecture (SOA) [i.5], Resource-Oriented Architecture (ROA), Microservices architecture and other Component-Based Software Engineering (CBSE) variants. In other cases it is regarded as a way of combining the best of both SOA (service registration and discovery) and ROA (RESTful design). Sometimes, SBA is also pitched as a middle ground between SOA and Microservices [i.4].
When it comes to applying the SBA style to the design of network architectures, the most noticeable difference with a conventional approach is the way interactions between functional blocks are specified. While a conventional specification approach is centred on the description of information flows between specific pairs of functional blocks, the SBA approach focuses on specifying the services offered by the architecture, while allowing full flexibility for the implementation of these services. The concept of functional block becomes superfluous in an ideal SBA approach, which instead defines services independently from each other, as well as the interfaces exposed to offer these services to any potential consumers. How the consumers make use of the services loses importance, hence the need to tie the service-based interfaces to a specific consumer, or consumer use case, fades away.
An illustration of the main SBA concepts is depicted in the figure below.

[image: ]
Figure 4.2-1: Illustration of SBA concept
4.2	Problem statement

The NFV architectural framework identifies a number of functional blocks and reference points between them, as described in ETSI GS NFV 002 [i.1]. ETSI GS NFV-MAN 001 [i.7] further refines this framework by introducing the concept of interfaces produced and consumed by NFV-MANO functional blocks. Clause 5.8.2 of ETSI GS NFV-MAN 001 clarifies that “a producer functional block may serve multiple consumer functional blocks via the same interface”. The interfaces applicable to a reference point, along with their associated information model, are described in set of NFV-IFA GSs. Restful APIs implementing the functional requirements specified in the NFV-IFA GSs are described in set of NFV-SOL GSs.
NFV-IFA GSs organized per reference point between two functional blocks declare producer and consumer functional block for every interface tied to this reference point. For example, ETSI GS NFV-IFA 007 [i.10] provides the specifications of all interfaces produced by the NFVO and consumed by the VNFM or vice-versa. The same approach applies to ETSI GS NFV-IFA 005 [i.8], ETSI GS NFV-IFA 006 [i.9], ETSI GS NFV-IFA 008 [i.11] and ETSI GS NFV-IFA 013 [i.12].
The concept of interface being produced and consumed by a functional block for every interface over a particular reference point leads to duplication of specification of these interfaces across multiple NFV-IFA GSs, For example, the specification of the VNF LCM interface appears – with minor variations – in both ETSI GS NFV-IFA 007 [i.10] and ETSI GS NFV-IFA 008 [i.11] as this interface produced by the VNFM can be consumed by either an NFVO, a VNF or an EM at both the Or-Vnfm and Ve-Vnfm reference points; the policy management interface specification appears in three NFV-IFA GSs: ETSI GS NFV-IFA 007 [i.10], ETSI GS NFV-IFA 008 [i.11] and ETSI GS NFV-IFA 013 [i.12]. 
However,  in ETSI GS NFV-IFA 030 [i.13], which specifies the interfaces applicable to the Or-Or reference point, the specifications of the interfaces produced by the NFVO on the Os-Ma-Nfvo reference point are referenced rather than duplicated.
Similar concept has been applied to organize the specifications of the Restful APIs in the NFV-SOL GSs. For example the specification of the VNF LCM API exposed by the VNFM appears in both ETSI GS NFV-SOL 002 [i.14] and ETSI GS NFV-SOL 003 [i.15], as the scope of these NFV-SOL GSs maps to the Or-Vnfm and Ve-Vnfm reference points, respectively. However, the specifications of the Restful API for policy management interface have been provided in a single stand-alone NFV-SOL GS, ETSI GS NFV-SOL 012 [i.17], where the interface is not tied to any reference point.

Editor’s note: At the time of publication of the present GR, SOL012 will have been published.

4.3	Potential impact

The current design of the NFV architectural framework as summarized in clause 4.2 exhibits the following characteristics:
· existence of predefined functional blocks
· existence of reference points tightly coupled with specific and pre-defined functional blocks
· functional block produces and consumes interfaces over a reference point
· functional block might produce the same interface(s) over different reference points, in order to allow more than one consumer for an interface
· addition of a new functional block requires creation of new reference point(s) e.g. for Security Manager even when it is reusing existing interfaces
· any new interface might need to be defined multiple times, over all applicable reference points

ETSI NFV-IFA GSs which are organized per reference point between two functional blocks describe interfaces produced and consumed by functional blocks attached to the reference point. Such organization causes the implications related to GS’s structure e.g.:
· description of interfaces consumed by different consumers is duplicated in several GSs
· addition a new reference point might require the creation of a new GS
· duplicated descriptions require special attention during maintenance or when introducing new Release features in order to keep consistency among GSs


[bookmark: _Toc50745572]5	Use cases
[bookmark: _Toc50745573]5.1	Consumer request via NFV-MANO Service Interface “Descriptor Management”
[bookmark: _Toc50745574]5.1.1.	General
This clause describes a use case showing a Consumer using the operation “Update Descriptor” of the NFV-MANO Service Descriptor Management, via the NFV-MANO Service Interface Descriptor Management.
[bookmark: _Toc50745575]5.1.2.	Actors and roles
Table 5.1.2-1 defines the actors and describes their roles including the Consumer(s) of NFV-MANO Services, or the NFV-MANO Producer(s) involved in the use cases described in this clause.
Table 5.1.2-1: Roles
	#
	Role
	Description

	1
	Consumer
	See term defined in clause 3.1. 


	2
	NFV-MANO Producer
	See term defined in clause 3.1.




[bookmark: _Toc50745576]5.1.3	Consumer request via NFV-MANO Service Interface “Descriptor Management” 
[bookmark: _Toc50745577]5.1.3.1	Introduction
This use case describes how an authorized Consumer uses an NFV-MANO Service offered by an NFV-MANO Producer via the NFV-MANO Service Interface. Specifically, in this use case, a Consumer is using the “Update Descriptor” operation on one of the descriptors (e.g. NSD) of the NFV-MANO Service Interface Descriptor Management.
[bookmark: _Toc50745578]5.1.3.2	Pre-conditions
Table 5.1.3.2-1 describes the use case pre-conditions.
Table 5.1.3.2-1: Pre-conditions
	#
	Pre-condition
	Additional Description

	#1
	An NFV-MANO Producer offers the NFV-MANO Service Descriptor Management that is needed by the Consumer and at least one NFV-MANO Service instance of this service is running.

	

	#2
	The Consumer has discovered the NFV-MANO Service Descriptor Management and its associated information.

	

	#3
	The Consumer is authorized to make use of NFV-MANO Service Interface Descriptor Management, requesting operations offered via its NFV-MANO Service Interface.

	

	#4
	An “Update Descriptor” operation is offered via the NFV-MANO Service Interface “Descriptor Management”.

	



[bookmark: _Toc50745579]5.1.3.3	Post conditions
Table 5.1.3.3-1 describes the use case post-conditions.
Table 5.1.3.3-1: Post-conditions
	#
	Post-condition
	Additional Description

	#1
	The Consumer has successfully performed the requested Update Descriptor operation on the NFV descriptor (e.g. NSD-x).

	



[bookmark: _Toc50745580]5.1.3.4	Flow description
Table 5.1.3.4-1 describes the flow of information between the actors playing the roles involved in this use case.

	#
	Actor/Role
	Description

	Begins when
	Consumer
	The Consumer has identified the need to make an update to an NFV descriptor e.g. NSD-x.


	Step 1
	Consumer -> NFV-MANO Producer
	The Consumer uses the Update Descriptor operation offered by the NFV-MANO Service Interface Descriptor Management  to request the update of the NSD-x.


	Step 2
	NFV-MANO Producer -> Consumer
	The NFV-MANO Producer performs the update of the descriptor NSD-x successfully.


	Step 3
	Consumer
	The Consumer has updated successfully the NFV descriptor NSD-x.




[bookmark: _Toc50745581]5.2.	NFV-MANO Services registration and discovery
[bookmark: _Toc50745582]5.2.1.	General
This clause describes the use cases of NFV-MANO Services registration and discovery.
[bookmark: _Toc50745583]5.2.2.	Actors and roles

[bookmark: _Toc50745584]5.2.3.	NFV-MANO Services Registration
[bookmark: _Toc50745585]5.2.3.1	Introduction
[bookmark: _Toc50745586]5.2.3.2	Pre-conditions
[bookmark: _Toc50745587]5.2.3.3	Post conditions
[bookmark: _Toc50745588]5.2.3.4	Flow description

[bookmark: _Toc50745589]5.2.4.	NFV-MANO Services Discovery
[bookmark: _Toc50745590]5.2.4.1	Introduction
[bookmark: _Toc50745591]5.2.4.2	Pre-conditions
[bookmark: _Toc50745592]5.2.4.3	Post conditions
[bookmark: _Toc50745593]5.2.4.4	Flow description


[bookmark: _Toc50745594]6	SBA Principles for NFV
[bookmark: _Toc50745595]6.1	General SBA principles for NFV

Some core principles for the service-based architecture applied to management and orchestration framework provided by MANO are described in Table 6.1-1 below.
Table 6.1-1: SBA Principles for NFV

	SBA Principle
	Description


	NFV-SBA-001
	NFV SBA architecture enables for NFV-MANO Services to be consumed independently of each other.


	NFV-SBA-002
	The implementation of NFV-MANO services into higher-level functional or physical architectural components (functional blocks, nodes, functional entities, etc) is transparent to the NFV-MANO service-based architecture.


	NFV-SBA-003
	NFV-MANO Services and NFV-MANO Service Interfaces exposed by NFV-MANO Producers are independent of their Consumers use cases and of how they intend to use the NFV-MANO Services.




Table 6.1 – SBA Principles for NFV
[bookmark: _Toc50745596]6.2	SBA principles applied to MANO - Examples

A generic representation of NFV-MANO Services and their exposure via NFV-MANO Service Interfaces is depicted in Figure 6.2-1 below.
[image: ]

Figure 6.2-1: NFV-MANO Services representation
Each NFV-MANO Service could have a NFV-MANO Service Interface defined, which exposes a set of operations for the NFV-MANO Service.
Editor’s Note: It is FFS if the constraint of 1:1 multiplicity of NFV-MANO Service:NFV-MANO Service Interface needs to be revised throughout the IFA039 study.
This can be applied in several ways:
1) Example 1: the NSD Management Service can be exposed via a NFV-MANO Service Interface NSD Management, shown in the Figure 6.2-2. below and the NSD Subscriptions Management Service can be exposed via the NSD Subscriptions Management Service Interface:
· NSD-M1: the NSD Management Service Interface
· NSD-S1: NSD Subscriptions Management Service Interface

[image: ]

Figure 6.2-2: NSD Subscription management and NSD Management Services example

2) Example 2: Taking a generic service approach shows the advantages of the service-based approach. 
Two NFV-MANO Services: Descriptor Management Service and the Descriptor Subscription Management Service can be exposed via their respective NFV-MANO Service Interfaces, applicable to NFV-MANO descriptor objects, such as NSD, PNFD for example. This is shown in the Figure 6.2-3. below:
· D-M1: the Descriptor Management Service Interface
· D-S1: the Descriptor Subscriptions Management Service Interface
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Figure 6.2-3: NFV-MANO Services example: Descriptor Subscription Management and Descriptor Management

[bookmark: _Toc50745597]7	SBA key issues and transformation targets
[bookmark: _Toc50745598]7.1. Overview
This clause identifies a number of key issues to be considered when designing an architecture according to the SBA model, along with a set of transformation targets addressing one or more of these issues.

[bookmark: _Toc50745599]7.2	Key architectural issues and potential solutions 

[bookmark: _Toc50745600]7.2.1	SBA key issues addressing SBA principles
[bookmark: _Toc50745601]7.2.1.1	Introduction
In order to realize the SBA principles described in clause 6.1 several architectural key issues are identified below, together with the potential solutions in remaining subclauses of this clause.

[bookmark: _Toc50745602]7.2.1.2	Key issue # 1: Consumer agnostic NFV-Ss
[bookmark: _Toc50745603]7.2.1.2.1	Description
According to the SBA principle NFV-SBA-003 described in clause 6.1, in SBA, NFV-MANO Services and NFV-MANO Service Interfaces exposed by NFV-MANO Producers are independent of their Consumers use cases and of how Consumers intend to use the NFV-MANO Services. The key issue #1 is making the NFV-Ss independent of the NFV-MANO reference points and Consumers. This key issue addresses the fact that NFV-Ss are not tied to a specific consumer and are thus independent of any reference point between functional blocks.
[bookmark: _Toc50745604]7.2.1.2.2	Solution 1 #
The NFV-Ss identified in clause 7.3 of the present document are specified individually, in a consumer agnostic manner. Restrictions, constraints or recommendations on the behaviour of the NFV-MANO Producer with regards to certain categories of Consumers are described independently from the main service definition. An example of such a case is where sending a particular information element in a response to a service request is reserved to certain categories of Consumers.

It is assumed that Consumers can be assigned to one or more specific categories, which can influence the behaviour of NFV-Ss when serving a request. Solutions enabling NFV-Ss to determine the category(s) to which a Consumer belongs are outside the scope of this Key Issue and are expected to be dependent on the protocol solutions for implementing service interfaces.

[bookmark: _Toc50745605]7.2.1.2.3	Solution 2 # (in case there are different ways to address the same issue)
[bookmark: _Toc50745606]7.2.1.3	Key issue # 2: Decoupling between NFV-Ss
[bookmark: _Toc50745607]7.2.1.3.1		Description
According to the SBA principle NFV-SBA-002 described in clause 6.1, in SBA, the implementation of NFV-MANO Services into higher-level functional or physical architectural components (functional blocks, nodes, functional entities, etc.) is transparent to the NFV-MANO service-based architecture. Furthermore, according to SBA principle NFV-SBA 001 in clause, 6.1, the NFV SBA architecture enables for NFV-MANO Services to be consumed independently of each other. The key issue #2 is removing any coupling between NFV-Ss.
[bookmark: _Toc50745608]7.2.1.3.2		Solution 1 #
The requirements on the grouping of the NFV-Ss and the concept of NFV-MANO FBs are removed from the architecture specifications.
The NFV-MANO Services are specified without indicating they are produced by a particular functional block.


[bookmark: _Toc50745609]7.2.2	Other SBA key issues
[bookmark: _Toc50745610]7.2.2.1	Introduction
[bookmark: _Toc50745611]7.2.2.2	Key issue A
[bookmark: _Toc50745612]7.2.2.2.1	Description
Functional abstraction is a key property of well-defined SBAs. This refers to the ability to generalize and align the behaviour of related services, by encapsulating details of multiple variants of those services into a single one.
[bookmark: _Toc50745613]7.2.2.2.2	Solution 1 #
The NFV-MANO Services definition is optimized, and the NFV-Ss that can commonly apply to different NFV-MANO objects or constructs, are generalized (e.g. LCM service, Descriptor Management service, FM service, etc).
This is an alignment of the NFV-SI definitions across the NFV-MANO functional entities.
[bookmark: _Toc50745614]7.2.2.2.3	Solution 2 # (in case there are different ways to address the same issue)
[bookmark: _Toc50745615]7.2.2.3	Key issue B: NFV-S discovery and NFV-S request routeing
[bookmark: _Toc50745616]7.2.2.3.1	Description
In SBA design, the list of NFV-Ss supported by an NFV-MANO Producer is not pre-defined and many NFV-MANO Producers can support the same NFV-Ss. This key issue addresses the mechanisms to enable NFV-S consumers to discover NFV services, select an NFV-MANO Producer instance and route the management service request to this instance.
[bookmark: _Toc50745617]7.2.2.3.2	Solution 1 (direct discovery)
NFV-S consumers query an NFV-S Registry to discover the NFV-P instances providing the desired service and select one to which they send the management service request. The request is then routed via a communication service (see Key Issue H). The registration process is addressed as part of Key Issue #F. 


The actual information exposed by the NFV-S Registry to the service consumer may vary (e.g. depending on the type of business agreement).
[bookmark: _Toc50745618]7.2.2.3.3	Solution 2 (indirect discovery without delegation)
This solution is similar to solution 1 except that the NFV-S consumers send their discovery requests to a discovery function rather than to an NFV-S Registry. The discovery function in turn queries one or more NFV-S Registries and aggregates their responses. The NFV-S consumer selects an NFV-P instance among those returned by the discovery function (NFV-S and NFV-P selection is addressed in Key Issue G), and sends the management service request to the selected NFV-P instance. The request is then routed via a communication service (see Key Issue H).
[bookmark: _Toc50745619]7.2.2.3.4	Solution 3 (indirect discovery with delegation)
[bookmark: _Hlk50743504]NFV-S consumers send their management service request to an abstract NFV-S address, which is routed to a Discovery function via a communication service (see Key Issue H). Both the discovery, and the selection of an NFV-S and NFV-P instance (see key issue G), are thus delegated to this function. The management service request is then further routed to the selected NFV-P instance via a communication service (see Key Issue H). This solution assumes that the discovery function has enough information on NFV-Ss and NFV-Ps to make the selection on behalf of the consumer (including constraints on security, availability, regulatory, etc.).

[bookmark: _Toc50745620]7.2.2.3.5	Solution 4 (configuration-based discovery)
This solution relies on the configuration of the identity and/or address of NFV-P instances on NFV-S consumers, through appropriate configuration services. Once the NFV-P instance has been selected, the management service request is routed via the communication service (see Key Issue H).
[bookmark: _Toc50745621]7.2.2.4	Key issue C
[bookmark: _Toc50745622]7.2.2.4.1	Description
Advanced SBAs typically provide support for dataless and stateless services.
[bookmark: _Toc50745623]7.2.2.4.2	Solution 1 # 
This solution consists in deploying a high-availability common data storage spaces where service producers can store their data, including state information. Examples of data that could be stored in this common data storage spaces include NFV descriptors, NFV instance records and the NFVI resource catalogue. The common data storage exposes services to fetch and write data in the common data storage spaces.
[bookmark: _Toc50745624]7.2.2.4.3	Solution 2 # (in case there are different ways to address the same issue)

[bookmark: _Toc50745625]7.2.2.5	Key issue D
[bookmark: _Toc50745626]7.2.2.5.1	Description
Advanced SBAs typically provide means to expose services to third parties in a secure and accountable manner.
[bookmark: _Toc50745627]7.2.2.5.2	Solution 1 #
A service exposition framework is used for re-exposing NFV-Ss (incl. multiple versions of the same NFV-S) to third parties in a secure and accountable manner. The service exposition framework provides various common services, including authentication services and consumer-dependent information filtering.

Editor’s note: existing service exposition framework have been defined e.g. 3GPP TS.23.222 and should be considered.
[bookmark: _Toc50745628]7.2.2.5.3	Solution 2 # (in case there are different ways to address the same issue)

[bookmark: _Toc50745629]7.2.2.6	Key issue E
[bookmark: _Toc50745630]7.2.2.6.1	Description
Consumers need to be able to query data related to NFV-Ss with various levels of granularity.
[bookmark: _Toc50745631]7.2.2.6.2	Solution 1

[bookmark: _Toc50745632]7.2.2.6.3	Solution 2 (if multiple solutions exist)

[bookmark: _Toc50745633]7.2.2.7	Key issue F: NFV-S registration
[bookmark: _Toc50745634]7.2.2.7.1	Description
Some of solutions enabling discovery of NFV-Ss (see Key Issue B) assume that the list of services supported by an NFV-MANO Producer is available in an NFV-S Registry. The mechanism for NFV-S registration needs to be defined.

[bookmark: _Toc50745635]7.2.2.7.2	Solution 1 (direct registration)
This solution relies upon an NFV-S Registry where each NFV-S (instance) registers upon becoming active and de-registers upon deactivation. Registration information includes the identity of the NFV-MANO Producer and, where applicable, the type of NFV-MANO object or data supported. The registration request is sent by the NFV-S (instance) to the NFV-S Registry, via a communication service (see Key Issue H).

[bookmark: _Toc50745636]7.2.2.8	Key issue G: NFV-S selection 
[bookmark: _Toc50745637]7.2.2.8.1	Description
Key Issue B discusses solutions enabling NFV-S consumers to discover NFV-Ss. There might be multiple NFV-MANO Producers supporting the same NFV-Ss. This Key Issue G explores the selection aspects of a particular NFV-MANO Producer.

[bookmark: _Toc50745638]7.2.2.8.2	Solution 1 (direct selection)
The selection is performed based on the information retrieved from the NFV-S Registry and local policy data. When the selection is delegated to a Discovery function, the NFV-S consumer provides additional constraints to be taken into account (e.g. in security and regulatory constraints). When multiple NFV-P instances provide the same NFV-S with the same constraints, the selection might involve additional criteria related to status and characteristics of the NFV-P (e.g. traffic load, local policies).

[bookmark: _Toc50745639]7.2.2.9	Key issue H: Communication between services
[bookmark: _Toc50745640]7.2.2.9.1	Description
Key Issue H discusses solutions for defining services enabling communication between NFV-MANO Producers, Consumers and NFV-S Registries.

[bookmark: _Toc50745641]7.2.2.9.2	Solution 1 (basic IP routeing)
The communication relies on basic IP routeing functionality. The consumer of this service provides the FQDN or IP address of the target entity in management service requests and registration requests. The communication service is expected to perform any required FQDN to IP address translations and to route the requests to the correct destination.

[bookmark: _Toc50745642]7.2.2.9.3	Solution 2 (application layer proxies)
The communication relies on application-layer proxy functionality, including HTTP-aware load balancing, protocol interworking, and has the ability to query an NFV-S Registry when routeing the management service requests if indirect discovery is preferred (i.e. it can provide the Discovery function described in Key Issue B).

The proxy functionality can be centralised and serve multiple NFV-P instances and NFV-S consumers, or distributed, in which case a proxy function instance is dedicated to every NFV-S consumer and NFV-P or NFV-S instance. In the latter case a proxy instance can be deployed as a single unit with the NFV-S instance or NFV-S consumer it serves or be deployed independently.
…
[bookmark: _Toc50745643]7.2.3	Pros/cons analysis of the solutions
[bookmark: _Toc50745644]7.3	NFV Services
[bookmark: _Toc50745645]7.3.1	NFV Services Set#1
This NFV-Ss set includes the services offered by NFV-MANO, based on the current NFV Release 3 functionality. General functional services are:
g.1. NSD Management
g.2. NS Lifecycle Management
g.3. NS Performance Management
g.4. NS Fault Management
g.5. VNF Package Management
g.6. VNF Lifecycle Operation Granting
g.7. NS Instance Usage Notification
g.8. NS LCM Granting
g.9. Virtualised Resources Quota Available Notification
g.10. Virtualised Resources Management in indirect mode
g.11. VNF Lifecycle Management
g.12. VNF Performance Management
g.13. VNF Fault Management
g.14. VNF Indicator
g.15. VNF Snapshot Package Management
g.16. VNF Configuration
g.17. VNF LCM Coordination
g.18. NS LCM Coordination

Management NFV-Ss for NFV-MANO entities:
m.1. NFV-MANO Configuration and Information Management
m.2. NFV-MANO Performance Management
m.3. NFV-MANO Fault Management
m.4. NFV-MANO Logging Management

Policy management NFV-Ss:
p.1. NFV-MANO Policy Management

[bookmark: _Toc50745646]7.4	SBA transformation alternatives

[bookmark: _Toc50745647]7.4.1	Overview
The evolution of the NFV-MANO architecture and interfaces, towards a service-based approach results in different SBA transformation targets.
This clause identifies, describes and evaluates possible SBA transformation targets. For each transformation target, the description includes the list of key issues identified in clause 7.2 that the transformation target addresses.
Editor’s note: The target descriptions in sub-clauses below will be updated to reference the key issue descriptions from 7.2. to minimize duplication of text once these key issue descriptions will be available.

The first step in service-based design is the identification of the services offered by the NFV-MANO. After the NFV-MANO Services have been identified, an analysis of the possible options available to offer them via NFV-MANO Service Interfaces is provided. 
The possible transformation targets for the SBA design are described in the remaining subclauses of this clause.
[bookmark: _Toc50745648]7.4.2	SBA Target#1: Minimal Service-based evolution
[bookmark: _Toc50745649]7.4.2.1	Overview

This transformation target bases the NFV-MANO Services definition on the existing interface design. The NFV-MANO Service Interfaces offering the NFV-Ss undergo a transformation to eliminate the grouping of interfaces based on reference-points. Specifically, this transformation target has the following properties:
· It implicitly eliminates the need to duplicate definitions of the same NFV-MANO interfaces for each Consumer and facilitates consistency of the NFV-MANO interfaces. 
· It does not make any optimizations, nor leverages on the commonalities between the NFV-Ss, or the NFV-SIs that offer them. 
· It does not make any changes to the functional assignment of NFV-MANO functionality to the existing NFV-MANO FBs.
[bookmark: _Toc50745650]7.4.2.2	NFV Services for target#1
[bookmark: _Toc50745651]7.4.2.2.1	NFV-MANO Services for target#1
Current NFV-MANO reference points are structured in different interfaces focused on specific sets of functionalities. This SBA Transformation target reuses the structural definition of the NFV Release 3 reference points and eliminates their duplication over the different reference points.
The NFV-Ss used in the SBA transformation target#1 are the service set#1 described in clause 7.2.1. 
The services offered per NFV-MANO Producer functional block are described in remaining clauses.
[bookmark: _Toc50745652]7.4.2.2.2	NFV-Ss offered by the NFVO:
The NFV-Ss offered by the NFVO as NFV-P are:
g.1. NSD Management
g.2. NS Lifecycle Management
g.3. NS Performance Management
g.4. NS Fault Management
g.5. VNF Package Management
g.6. VNF Lifecycle Operation Granting
g.7. NS Instance Usage Notification
g.8. NS LCM Granting
g.9. Virtualised Resources Quota Available Notification
g.10. Virtualised Resources Management in indirect mode
g.18. NS LCM Coordination

[bookmark: _Toc50745653]7.4.2.2.3	NFV-Ss offered by the VNFM:
The NFV-Ss offered by the VNFM as NFV-P are:
g.11. VNF Lifecycle Management
g.12. VNF Performance Management
g.13. VNF Fault Management
g.14. VNF Indicator
g.15. VNF Snapshot Package Management

[bookmark: _Toc50745654]7.4.2.2.4	NFV-Ss offered by the VNF:
The NFV-Ss offered by the VNF as an NFV-P are:
g.14. VNF Indicator
g.16. VNF Configuration
g.17. VNF LCM Coordination

[bookmark: _Toc50745655]7.4.2.2.5	NFV-Ss offered by the EM:
The NFV-Ss offered by the EM as an NFV-P are:
g.14. VNF Indicator
g.17. VNF LCM Coordination

[bookmark: _Toc50745656]7.4.2.2.6	Management NFV-Ss for NFV-MANO entities:
m.1. NFV-MANO Configuration and Information Management
m.2. NFV-MANO Performance Management
m.3. NFV-MANO Fault Management
m.4. NFV-MANO Logging Management
[bookmark: _Toc50745657]7.4.2.2.7	Policy management NFV-Ss:
p.1. NFV-MANO Policy Management

[bookmark: _Toc50745658]7.4.3	SBA Target#2: Service-based Interfaces (SBI) Consolidation
This transformation target addresses the following key issues:
· 
· 
· key issue 1 as described in clause 7.2.1.2,
· key issue A as described in clause 7.2.2.2.
This transformation target does not define any change to the functional assignment of NFV-MANO functionality to the existing NFV-MANO FBs (e.g. both NFVO and VNFM can expose the “LCM Service” but on different type of NFV-MANO objects, such as NFVO on NS instances and VNFM on VNF instances).
An NFV-S Registry is needed for the registration of the NFV-MANO Producers and the NFV-Ss offered including, where applicable, the type of NFV-MANO object or data, supported by each NFV-S.
[bookmark: _Toc50745659]7.4.4	SBA Target#3: Full SBA
The full SBA transformation targetimplies the optimization and generalization of the NFV-MANO Service-based Interfaces, but it also relaxes the requirements on the grouping of the NFV-Ss and removes the concept of NFV-MANO FBs from the architecture. 
· The SBA architecture defines the NFV-MANO Services without mandating anything about their implementation.
· An NFV-S Registry is needed for the registration of the NFV-MANO Producer and the services offered.
· Any new NFV-S and its NFV-SI are defined based on the SBA principles defined in clause 6.1.
[bookmark: _Toc50745660]7.4.5	SBA Target#4: TBD

[bookmark: _Toc50745661]7.4.x	Pros and Cons analysis

[bookmark: _Toc50745662]8	Recommendations for future work
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