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Network Functions Virtualisation (NFV) adds new capabilities to communications networks and requires a new set of management and orchestration functions to be added to the current model of operations, administration, maintenance and provisioning. In legacy networks, the Network Function (NF) implementations are often tightly coupled with the infrastructure they run on. 
NFV decouples software implementations of NFs from the physical resources offered by the hardware they use, such as computation, storage, and networking. The virtualisation insulates the NFs from those physical resources through a virtualisation layer which partitions them to create virtualisation containers, defined in ETSI GR NFV 003 [i.1].
The software and infrastructure decoupling exposes a new set of entities, the Virtualised Network Functions (VNFs), and a new set of relationships between them and the NFV Infrastructure (NFVI). The VNFs can be chained with other VNFs and/or Physical Network Functions (PNFs) to realize a Network Service (NS).
The virtualisation principle stimulates a multi-vendor ecosystem where the different components of the NFVI, the VNF software, and their management and orchestration functions are likely to follow different lifecycles (e.g. on procurement, upgrading, etc.). This requires interoperable standardized interfaces and proper resource abstraction among them.
The present document focuses on the management aspects introduced by the NFV technology and describes the architecture of the management and orchestration subset of the NFV architectural framework. 
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The present document describes the high-level functional architectural framework for the Management and Orchestration part of the NFV architectural framework.  
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For the purposes of the present document, the terms given in ETSI GR NFV 003 [i.1] apply.
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Void.
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For the purposes of the present document, the abbreviations given in ETSI GR NFV 003 [i.1] apply.
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An NFV Network Service (NS) is a composition of Network Functions (NF) arranged as a set of functions and/or NSs. As illustrated in figure 4.1.1-1, the NS construct, as used by the NFV Management and Orchestration (NFV-MANO) functions to deploy an NS instance, includes several possible constituent objects:
Virtualised Network Function (VNF);
Physical Network Function (PNF); 
NOTE:	NFV-MANO manages only the connectivity aspects of the PNF(s).
Nested Network Service(s) (NS);
Virtual Link(s) (VL). 
From management and orchestration perspective, the NFV-MANO uses the NS descriptor (NSD) defined in ETSI GS NFV-IFA 014 [i.3] to manage the lifecycle of an NS.
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Figure 4.1.1-1: NS constituents overview
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The Virtualised Network Function (VNF) construct is defined in ETSI GR NFV 003 [i.1] and represents an NF implementation that can be deployed on a virtualised infrastructure. The VNF construct is agnostic to the functionality of the NF it represents.
From the NFV-MANO perspective, the deployment and operational behaviour requirements of each VNF are captured in a VNF Descriptor (VNFD), which is on-boarded as part of a file archive known as a VNF Package, specified in ETSI GS NFV-IFA 011 [i.8]. The VNFD describes the attributes and requirements necessary to realize an instance of the VNF and captures, in an abstracted manner, the requirements to manage its lifecycle. 
NFV-MANO performs the lifecycle management of a VNF instance based on the requirements in the VNFD defined in ETSI GS NFV-IFA 011 [i.8]. 
[bookmark: _Toc41467601][bookmark: _Toc46390823][bookmark: _Toc50742445][bookmark: _Toc51311106][bookmark: _Toc51312227][bookmark: _Toc55335327][bookmark: _Toc58835926][bookmark: _Toc58836042][bookmark: _Toc58836099][bookmark: _Toc58836169][bookmark: _Toc58838359][bookmark: _Toc61354584][bookmark: _Toc107310433][bookmark: _Toc113360034][bookmark: _Toc113360749]4.1.3	Virtualised Network Function Forwarding Graph (VNFFG)
The Virtualised Network Function Forwarding Graph (VNFFG) construct is defined in ETSI GR NFV 003 [i.1] and is used to specify a set of forwarding rules known as Network Forwarding Paths (NFP) applicable to the traffic relayed over a set of Connection Points (CPs) and/or Service Access Points (SAPs) attached to the various NS constituents, where at least one of the constituents is a VNF. 
From management and orchestration perspective, NFV-MANO uses the VNFFG descriptor (VNFFGD) defined in ETSI GS NFV-IFA 014 [i.3]. 
An example showing a VNFFG is depicted in figure 4.1.3-1.
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Figure 4.1.3-1: Depiction of a VNF Forwarding Graph
[bookmark: _Toc46390824][bookmark: _Toc50742446][bookmark: _Toc51311107][bookmark: _Toc51312228][bookmark: _Toc55335328][bookmark: _Toc58835927][bookmark: _Toc58836043][bookmark: _Toc58836100][bookmark: _Toc58836170][bookmark: _Toc58838360][bookmark: _Toc61354585][bookmark: _Toc107310434][bookmark: _Toc113360035][bookmark: _Toc113360750]4.1.4	Virtual Link (VL)
The Virtual Link (VL) construct is defined in ETSI GR NFV 003 [i.1]. It abstracts the connectivity type and properties between any two or more of the following: VNF Components (VNFCs), VNFs, PNFs, and nested NSs. From management and orchestration perspective, the NFV-MANO uses the VNF VL descriptor (VLD) defined in ETSI GS NFV-IFA 011 [i.8] and NS VL descriptor defined in ETSI GS NFV-IFA 014 [i.3].
A VL can span across one or more Wide Area Networks (WANs) when the connectivity requirements are fulfilled between different sites, also known as NFVI-PoPs as defined in ETSI GR NFV 003 [i.1]. 
[bookmark: _Toc46390825][bookmark: _Toc50742447][bookmark: _Toc51311108][bookmark: _Toc51312229][bookmark: _Toc55335329][bookmark: _Toc58835928][bookmark: _Toc58836044][bookmark: _Toc58836101][bookmark: _Toc58836171][bookmark: _Toc58838361][bookmark: _Toc61354586][bookmark: _Toc107310435][bookmark: _Toc113360036][bookmark: _Toc113360751]4.1.5	Physical Network Function (PNF)
The Physical Network Function (PNF) construct is defined in ETSI GR NFV 003 [i.1] and represents a software workload tightly coupled with the hardware it is deployed on. When a PNF is part of an NS, NFV-MANO uses the PNF Descriptor (PNFD) specified in ETSI GS NFV-IFA 014 [i.3] to manage the PNF connectivity with the other constituents of this NS instance. The PNFD is on-boarded as part of a file archive known as the PNFD archive.
The functional requirements on PNF archive and how a PNF is handled as part of the NS resources, are described in ETSI GS NFV-IFA 010 [1].
[bookmark: _Toc113360037][bookmark: _Toc113360752]4.1.6	Container Infrastructure Service cluster (CIS cluster)
The Container Infrastructure Service cluster (CIS cluster) construct is defined in ETSI GS NFV-IFA 036 [i.12] and represents a set of CIS instances and CISM instances hosted on one or multiple CIS cluster nodes. CIS cluster nodes can be realized as virtual machines or as bare-metal servers.
From the NFV-MANO perspective, the deployment and operational behaviour requirements of the CIS cluster are captured in a CIS Cluster Descriptor (CCD) as specified in ETSI GS NFV-IFA 036 [i.12], which are on-boarded to the CCM and used by the CCM to manage the lifecycle of a CIS cluster.
The CCD references one or multiple CIS Cluster Node Descriptors (CCND) for describing characteristics of CIS cluster nodes that the CIS cluster hosted on. The CCND references a CIS Cluster Node Resource Descriptor (CCNRD) for describing the CIS cluster node’s resource characteristics and necessary information for the basic instantiation of the CIS cluster. Both the CCND and the CCNRD are specified in ETSI GS NFV-IFA 036 [i.12]. 
[bookmark: _Toc113360038][bookmark: _Toc113360753]4.1.7	Managed CIS Cluster Object (MCCO)
The Managed CIS Cluster Objects (MCCO) construct is defined in ETSI GS NFV-IFA 036 [i.12] and represents an abstract NFV object for CIS Cluster Management characterized by its configuration, state, requested and allocated infrastructure resources and applicable operational policies.
From the NFV-MANO perspective, the CCM uses the MCCO declarative descriptor as specified in ETSI GS NFV-IFA 036 [i.12] to deploy and manage the lifecycle of the MCCOs.
[bookmark: _Toc113360039][bookmark: _Toc113360754]4.1.8	Managed Container Infrastructure Object (MCIO)
The Managed Container Infrastructure Objects (MCIO) construct is defined in ETSI GS NFV-IFA 040 [i.11] and represents an abstract NFV object for container infrastructure service characterized by its desired and actual state of a containerized workload, including its requested and allocated infrastructure resources and applicable operational policies.
From the NFV-MANO perspective, the CISM uses the MCIO declarative descriptor as specified in ETSI GS NFV-IFA 040 [i.11] to deploy and manage the lifecycle of containerized workloads. The aggregate of information objects including MCIO declarative descriptors and configuration files forms a Managed Container Infrastructure Object Package (MCIOP).
The VNF Package contains both the VNFD and MCIOPs, in which the VNFD of a containerized VNF has references to one or multiple MCIOPs that contain declarative descriptors and configuration files for MCIOs consumed by the containerized VNF.

[bookmark: _Toc32938120][bookmark: _Toc32938198][bookmark: _Toc33106110][bookmark: _Toc41467602][bookmark: _Toc46390826][bookmark: _Toc50742448][bookmark: _Toc51311109][bookmark: _Toc51312230][bookmark: _Toc55335330][bookmark: _Toc58835929][bookmark: _Toc58836045][bookmark: _Toc58836102][bookmark: _Toc58836172][bookmark: _Toc58838362][bookmark: _Toc61354587][bookmark: _Toc107310436][bookmark: _Toc113360040][bookmark: _Toc113360755]5	NFV-MANO Architectural Framework
[bookmark: _Toc32938121][bookmark: _Toc32938199][bookmark: _Toc33106111][bookmark: _Toc41467603][bookmark: _Toc46390827][bookmark: _Toc50742449][bookmark: _Toc51311110][bookmark: _Toc51312231][bookmark: _Toc55335331][bookmark: _Toc58835930][bookmark: _Toc58836046][bookmark: _Toc58836103][bookmark: _Toc58836173][bookmark: _Toc58838363][bookmark: _Toc61354588][bookmark: _Toc107310437][bookmark: _Toc113360041][bookmark: _Toc113360756]5.1	General architecture overview
The NFV-MANO architectural framework is composed of functional blocks and functions realizing management and orchestration capabilities. 
The following functional blocks shall be part of the NFV-MANO architectural framework and shall fulfil the functional requirements defined in ETSI GS NFV-IFA 010 [1]:
Network Functions Virtualisation Orchestrator (NFVO);
Virtualised Network Function Manager (VNFM);
Virtualised Infrastructure Manager (VIM);
Wide area network Infrastructure Manager (WIM).
Additional functional blocks and functions represented in the NFV architectural framework, which interact with the NFV-MANO functional blocks and functions are:
Element Management (EM);
Virtualised Network Function (VNF);
Operation Support System (OSS) and Business Support System functions (BSS);
NFV Infrastructure (NFVI), including the CIS and WAN.
[bookmark: _Toc105681118][bookmark: _Toc113360042][bookmark: _Toc113360757]4.2.6	Networking
The NFV-MANO architectural framework shall comprise the following reference points:
Os-Ma-nfvo, a reference point between OSS/BSS and NFVO;
Or-Vnfm, a reference point between NFVO and VNFM;
Or-Vi, a reference point between NFVO and VIM;
Ve-Vnfm-em, a reference point between EM and VNFM;
Ve-Vnfm-vnf, a reference point between VNF and VNFM;
Vi-Vnfm, a reference point between VIM and VNFM;
Nf-Vi, a reference point between NFVI and VIM;
Or-Or, a reference point between NFVOs in different administrative domains;
Or-Wi, a reference point between an NFVO and a WIM.
The following functions shall be part of the NFV-MANO architectural framework and shall fulfil the functional requirements defined in ETSI GS NFV-IFA 010 [1]:
Container Infrastructure Service Management (CISM);
Container Image Registry (CIR);
Container Infrastructure Service Cluster Management (CCM).
A series of management service interfaces are exposed by the CISM, CIR and CCM functions, which are invoked by consumers within NFV-MANO and/or consumers outside NFV-MANO. The consumers within NFV-MANO include:
· The NFVO consumes management service interfaces produced by the CISM;
· The VNFM consumes management service interfaces produced by the CISM;
· The NFVO consumes management service interfaces produced by the CIR;
· The VNFM consumes management service interfaces produced by the CIR;
· The NFVO consumes management service interfaces produced by the CCM;
The CCM and CISM function also consume management interfaces produced by other functional blocks or functions, which include:
· The CCM consumes management interfaces produced by the NFVO;
· The CCM consumes management interfaces produced by the VIM;
· The CCM consumes management service interfaces produced by the CISM;
· The CISM consumes management interfaces produced by the VIM;

[bookmark: _Toc32938122][bookmark: _Toc32938200][bookmark: _Toc33106112][bookmark: _Toc41467604][bookmark: _Toc46390828][bookmark: _Toc50742450][bookmark: _Toc51311111][bookmark: _Toc51312232][bookmark: _Toc55335332][bookmark: _Toc58835931][bookmark: _Toc58836047][bookmark: _Toc58836104][bookmark: _Toc58836174][bookmark: _Toc58838364][bookmark: _Toc61354589][bookmark: _Toc107310438][bookmark: _Toc113360043][bookmark: _Toc113360758]5.2	Architecture diagram
The NFV-MANO architectural framework defined in the present document is illustrated in figures 5.2-1 and 5.2-2. 
Figure 5.2-1. shows the NFV-MANO architectural framework with the WIM as part of NFV-MANO.
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NOTE: The VIM does not manage the whole NFVI, specific parts such as the WAN are managed by the WIM.
Figure 5.2-1: NFV-MANO architectural framework with WIM  as part of NFV-MANO

Figure 5.2-2 below shows the NFV-MANO architectural framework with the WIM external to NFV-MANO.
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Figure 5.2-2: NFV-MANO architectural framework, WIM external to NFV-MANO
The functions and service interfaces introduced for support of containerized deployments are shown in figure 5.2-3 below.
[image: ]
Figure 5.2-3: NFV-MANO architectural framework with support for containers
NOTE 2: The VIM does not manage the whole NFVI, such as the WAN is managed by the WIM, the CIS is managed by the CISM. It only shows an option that the WIM is in NFV-MANO.
The subsequent clauses define the functional blocks and the reference points which are composing the NFV-MANO architectural framework. The WIM architecture options are further described in clause 5.3.5.
[bookmark: _Toc32938123][bookmark: _Toc32938201][bookmark: _Toc33106113][bookmark: _Toc41467605][bookmark: _Toc46390829][bookmark: _Toc50742451][bookmark: _Toc51311112][bookmark: _Toc51312233][bookmark: _Toc55335333][bookmark: _Toc58835932][bookmark: _Toc58836048][bookmark: _Toc58836105][bookmark: _Toc58836175][bookmark: _Toc58838365][bookmark: _Toc61354590][bookmark: _Toc107310439][bookmark: _Toc113360044][bookmark: _Toc113360759]5.3	Functional Blocks
[bookmark: _Toc41467606][bookmark: _Toc46390830][bookmark: _Toc50742452][bookmark: _Toc51311113][bookmark: _Toc51312234][bookmark: _Toc55335334][bookmark: _Toc58835933][bookmark: _Toc58836049][bookmark: _Toc58836106][bookmark: _Toc58836176][bookmark: _Toc58838366][bookmark: _Toc61354591][bookmark: _Toc107310440][bookmark: _Toc113360045][bookmark: _Toc113360760]5.3.1	NFV Orchestrator (NFVO)
The NFVO is a functional block with a definition provided in ETSI GR NFV 003 [i.1]. Its main functions are:
NS orchestration, including:
handling the lifecycle management of NSs (NS LCM) and their constituents; 
NOTE 1:	In the present document, the management of the composite and nested NSs is provided by NFVOs that reside in same or different administrative domains, or it can be supported within the same NFVO.
NS Performance Management (PM) and NS fault management (FM);
on-boarding and management of NSDs;
on-boarding and management of PNFD archives;
on-boarding and management of VNF Packages;
management of software images.
orchestration of NFVI resources managed by one or more VIMs used for the realization of the NSs and their constituents, including:
VIM resources allocation and availability tracking; 
virtual resources granting;
resource reservation management;
quota and resource capacity management; 
resource performance management; 
resource fault management;
resource information management; 
permitted allowance management. 
management of connectivity services, used for the realization of the connectivity between NSs and/or NS constituents deployed over different NFVI-PoPs (sites), including:
management of MSCS between multiple sites,
management of the WAN capacity and topology information needed for the connectivity between NSs, and/or NS constituents deployed over different NFVI-PoPs, and/or VNFC of a VNF in the case of a multi-site VNF deployment.
obtaining MSCS fault management data, and
management of the MSCS performance management data.
[bookmark: _Toc41467607][bookmark: _Toc46390831][bookmark: _Toc50742453][bookmark: _Toc51311114][bookmark: _Toc51312235][bookmark: _Toc55335335][bookmark: _Toc58835934][bookmark: _Toc58836050][bookmark: _Toc58836107][bookmark: _Toc58836177][bookmark: _Toc58838367][bookmark: _Toc61354592][bookmark: _Toc107310441][bookmark: _Toc113360046][bookmark: _Toc113360761]5.3.2	VNF Manager (VNFM)
The decoupling of Network Functions (NFs) from the physical infrastructure resulted in a new set of management functions focused on the creation and lifecycle management of the VNF, handled by the VNF Manager (VNFM). 
The VNFM is a functional block with a definition provided in ETSI GR NFV 003 [i.1]. 
The VNFM main functions are to provide:
VNF LifeCycle Management (LCM);
VNF configuration management of the configuration parameters of a VNF/VNF Component (VNFC);
VNF information management for the value changes of VNF related indicators; 
VNF Performance Management (PM); 
VNF Fault Management (FM). 
In addition, the VNFM can gather and offer information on the VNF behaviour in the form of VNF indicators. VNF indicators are information supplied by the VNF or the EM. 
In order to realize these functions, the VNFM consumes interfaces offered by other NFV-MANO functional blocks. The VNFM maintains the mapping between virtual resources and the VNF instance using them. The VNFM acts upon the virtualised resources that support the VNF functionality, but without interfering with it. 
[bookmark: _Toc41467608][bookmark: _Toc46390832][bookmark: _Toc50742454][bookmark: _Toc51311115][bookmark: _Toc51312236][bookmark: _Toc55335336][bookmark: _Toc58835935][bookmark: _Toc58836051][bookmark: _Toc58836108][bookmark: _Toc58836178][bookmark: _Toc58838368][bookmark: _Toc61354593][bookmark: _Toc107310442][bookmark: _Toc113360047][bookmark: _Toc113360762]5.3.3	Virtualised Infrastructure Manager (VIM)
The Virtualised Infrastructure Manager (VIM) is a functional block with a definition provided in ETSI GR NFV 003 [i.1]. It is responsible for controlling and managing the NFVI virtual resources used by the VNFs and the VLs: compute, storage and network resources, usually within one Infrastructure Domain (e.g. all resources within an NFVI-PoP, resources across multiple NFVI-PoPs, or a subset of resources within an NFVI-PoP). 
The VIM northbound interfaces expose one or more of the following: management of NFVI virtualised compute, storage, and networking resources. In order to achieve that, the VIM interacts with the virtualisation layer of the NFVI and this interaction is out of scope of the present document.
A VIM can be specialized in handling a certain type of NFVI resource (e.g. compute-only, storage-only, network-only), or may be capable of managing multiple types of NFVI resources.
The VIM provides the following functionality:
Software image management;
Virtualised resources management (compute, storage, network):
Fault Management (FM), Performance Management (PM), configuration management, reservation management, quota management, capacity management, resource information management and Network Forwarding Path (NFP) management.
Infrastructure resource fault and performance management;
NFV acceleration capabilities management: 
[bookmark: _Toc32938124][bookmark: _Toc32938202][bookmark: _Toc33106114][bookmark: _Toc41467609]Some VNFs can have acceleration requirements specified in their VNFD. The VIM has the capability to expose and perform NFV acceleration management on acceleration resources offered by the NFVI. 
[bookmark: _Toc46390833][bookmark: _Toc50742455][bookmark: _Toc51311116][bookmark: _Toc51312237][bookmark: _Toc55335337][bookmark: _Toc58835936][bookmark: _Toc58836052][bookmark: _Toc58836109][bookmark: _Toc58836179][bookmark: _Toc58838369][bookmark: _Toc61354594][bookmark: _Toc107310443][bookmark: _Toc113360048][bookmark: _Toc113360763]5.3.4	Functional blocks interacting with NFV-MANO
[bookmark: _Toc46390834][bookmark: _Toc46390883][bookmark: _Toc50742456][bookmark: _Toc51311117][bookmark: _Toc51312238][bookmark: _Toc55335338][bookmark: _Toc58835937][bookmark: _Toc58836053][bookmark: _Toc58836110][bookmark: _Toc58836180][bookmark: _Toc58838370][bookmark: _Toc61354595][bookmark: _Toc107310444][bookmark: _Toc113360049][bookmark: _Toc113360764]5.3.4.1	OSS/BSS
The OSS/BSS are the combination of the operator's other operations and business support functions that are not otherwise explicitly captured in the present architectural framework but are expected to have information exchanges with functional blocks in the NFV-MANO architectural framework. 
The NFV-MANO interacts with other OSS entities and with BSS, which are consolidated under the OSS/BSS Functional Block (FB) in the NFV-MANO architectural framework.
The OSS/BSS includes the collection of systems and management applications that service providers use to operate their business, besides NFV-MANO functions like e.g. NFVO, VNFM. Within OSS, these include the other OSS management and orchestration functions which are consuming the NFV-MANO interfaces in order to deliver their own services. These exclude OSS management functions which have a more specialized role in their interaction with NFV‑MANO, such as the EM.
The OSS/BSS interacts with NFV-MANO by communicating with the NFVO, via the Os-Ma-nfvo reference point specified in ETSI GS NFV-IFA 013 [i.2]. 
[bookmark: _Toc50742457][bookmark: _Toc51311118][bookmark: _Toc51312239][bookmark: _Toc55335339][bookmark: _Toc58835938][bookmark: _Toc58836054][bookmark: _Toc58836111][bookmark: _Toc58836181][bookmark: _Toc58838371][bookmark: _Toc61354596][bookmark: _Toc107310445][bookmark: _Toc113360050][bookmark: _Toc113360765]5.3.4.2	Element Management (EM)
[bookmark: _Hlk45529833]The Element Management (EM) represents the consolidation of all management entities performing the FCAPS management for the application functions of the VNF. 
NOTE: 	The term "Element Manager" is also used in some other documents referred in the present document.
The EM interacts with NFV-MANO by communicating with the VNFM, via the Ve-Vnfm-em reference point specified in ETSI GS NFV-IFA 008 [i.7]. 
The EM consumes the VNF LCM, VNF PM and VNF FM functionality exposed by the VNFM over Ve-Vnfm-em. 
The EM exposes information on the VNF behaviour (VNF indicators) to be reported to the VNFM.
[bookmark: _Toc46390835][bookmark: _Toc50742458][bookmark: _Toc51311119][bookmark: _Toc51312240][bookmark: _Toc55335340][bookmark: _Toc58835939][bookmark: _Toc58836055][bookmark: _Toc58836112][bookmark: _Toc58836182][bookmark: _Toc58838372][bookmark: _Toc61354597][bookmark: _Toc107310446][bookmark: _Toc113360051][bookmark: _Toc113360766]5.3.4.3	Virtualised Network Function (VNF)
The VNF is the entity managed by the VNFM and has an associated VNFD which provides deployment and operational information to manage its lifecycle. The NFV-MANO interacts with the VNF via the Ve-Vnfm-vnf reference point specified in ETSI GS NFV-IFA 008 [i.7]. 
The VNF consumes the VNF LCM, VNF PM and VNF FM functionality exposed by the VNFM over Ve-Vnfm-vnf and exposes interfaces enabling VNF Configuration and enabling reporting VNF Indicators to the VNFM.
[bookmark: _Toc46390836][bookmark: _Toc50742459][bookmark: _Toc51311120][bookmark: _Toc51312241][bookmark: _Toc55335341][bookmark: _Toc58835940][bookmark: _Toc58836056][bookmark: _Toc58836113][bookmark: _Toc58836183][bookmark: _Toc58838373][bookmark: _Toc61354598][bookmark: _Toc107310447][bookmark: _Toc113360052][bookmark: _Toc113360767]5.3.4.4	Network Function Virtualised Infrastructure (NFVI)
The NFVI definition is available in ETSI GR NFV 003 [i.1]. The NFVI encompasses all the underlying components of the infrastructure, the hardware and the software, which are used to host VNFs. The NFVI exposes the infrastructure resources as virtualised resources to be used by the VNFs and NSs: virtual compute, virtual storage and virtual network resources.
The VIM is the NFV-MANO entity that manages the NFVI, resources used by the VNFs and NSs, via the Nf-Vi reference point.
Container Infrastructure Service (CIS):
· The CIS is a service provided by the NFVI and has a definition in ETSI GR NFV 003 [i.1]. It refers to the service that provides runtime environment for one or more container virtualisation technologies. The CIS is exposed by one or multiple CIS clusters. Containerized VNFs are deployed and managed on CIS instances and make use of container cluster networks deployed in the CIS cluster. The Container Infrastructure Service Management (CISM) is the function that manages the CIS.
[bookmark: _Toc107310448][bookmark: _Toc113360053][bookmark: _Toc113360768]5.3.5	WAN Infrastructure Manager (WIM)
The WAN Infrastructure Manager (WIM) is a functional block which provides management of Multi-Site Connectivity Services (MSCS). The WIM establishes the connectivity between NFVI-PoP connectivity service endpoints (e.g., offered by a network gateway) in different NFVI-PoPs using MSCS which abstracts the details of the connections between the NFVI-PoPs on the transport network/WAN.  
When considering connectivity between NFVI-PoPs realized over transport network/WAN to fulfil NS level connectivity, a multi-site NS VL encompasses virtual networks in each of the involved NFVI-PoP provided by the VIM and MSCS on the transport/WAN provided by the WIM.
The NFV-MANO architectural framework supports the integration of the WIM with the following two options: 
the WIM may be part of the NFV-MANO; or
the WIM may be external to NFV-MANO, e.g. under control or part of other OSS/BSS systems.
Annex G of ETSI GS NFV-IFA 010 [1] provides additional information about WIM integration options.
[bookmark: _Hlk94010739]When the WIM is part of the NFV-MANO, it exchanges information with the NFVO using the Or-Wi reference point.
[bookmark: _Toc46390837][bookmark: _Toc50742460][bookmark: _Toc51311121][bookmark: _Toc51312242][bookmark: _Toc55335342][bookmark: _Toc58835941][bookmark: _Toc58836057][bookmark: _Toc58836114][bookmark: _Toc58836184][bookmark: _Toc58838374][bookmark: _Toc61354599][bookmark: _Toc107310449][bookmark: _Toc113360054][bookmark: _Toc113360769]5.4	Reference points
[bookmark: _Toc32938203][bookmark: _Toc33106115][bookmark: _Toc41467610][bookmark: _Toc46390838][bookmark: _Toc50742461][bookmark: _Toc51311122][bookmark: _Toc51312243][bookmark: _Toc55335343][bookmark: _Toc58835942][bookmark: _Toc58836058][bookmark: _Toc58836115][bookmark: _Toc58836185][bookmark: _Toc58838375][bookmark: _Toc61354600][bookmark: _Toc107310450][bookmark: _Toc113360055][bookmark: _Toc113360770]5.4.1	Interfaces approach
NFV-MANO interfaces are defined focusing on the function they expose. The collection of the interfaces exposed by an NFV-MANO functional block and consumed by another NFV-MANO functional block is mapped into an NFV-MANO reference point. An NFV-MANO Interface can be exposed by an NFV-MANO producer on more than one NFV‑MANO reference point, where applicable. In such a case, the exposure of the same NFV-MANO interface on different NFV-MANO reference points might lead to certain differences in terms of functionality (e.g. set of allowed operations) or exchanged information (e.g. different sets of operation input/output parameters). The NFV-MANO producer and consumer are described in the present document for each of the NFV-MANO reference points.
While reference points are a way to identify peer-to-peer relationships between functional blocks, descriptions of the interfaces provide a deeper understanding of how capabilities provided by a producer functional block are exposed to other consumer functional block(s). 
[bookmark: _Toc50742462][bookmark: _Toc51311123][bookmark: _Toc51312244][bookmark: _Toc55335344][bookmark: _Toc58835943][bookmark: _Toc58836059][bookmark: _Toc58836116][bookmark: _Toc58836186][bookmark: _Toc58838376][bookmark: _Toc61354601][bookmark: _Toc107310451][bookmark: _Toc113360056][bookmark: _Toc113360771]5.4.2	Os-Ma-nfvo reference point
The reference point Os-Ma-nfvo is used for information exchanges between the OSS/BSS and the NFVO. The interfaces associated with the Os-Ma-nfvo reference point are based on the functional requirements specified in ETSI GS NFV-IFA 010 [1] for the NFVO functional block.
The Os-Ma-nfvo reference point and its interfaces are specified in ETSI GS NFV-IFA 013 [i.2]. 
Os-Ma in short, is also used as a more generalized indication of the interfaces exposed by NFV-MANO to OSS/BSS.
[bookmark: _Toc50742463][bookmark: _Toc51311124][bookmark: _Toc51312245][bookmark: _Toc55335345][bookmark: _Toc58835944][bookmark: _Toc58836060][bookmark: _Toc58836117][bookmark: _Toc58836187][bookmark: _Toc58838377][bookmark: _Toc61354602][bookmark: _Toc107310452][bookmark: _Toc113360057][bookmark: _Toc113360772]5.4.3	Or-Vnfm reference point
The Or-Vnfm reference point enables the information exchanges between the NFVO and the VNFM. The interfaces associated with the Or-Vnfm reference point are based on the functional requirements specified in ETSI GS NFV‑IFA 010 [1] for the NFVO and the VNFM functional blocks.
The Or-Vnfm reference point and its interfaces are specified in ETSI GS NFV-IFA 007 [i.6]. 
[bookmark: _Toc50742464][bookmark: _Toc51311125][bookmark: _Toc51312246][bookmark: _Toc55335346][bookmark: _Toc58835945][bookmark: _Toc58836061][bookmark: _Toc58836118][bookmark: _Toc58836188][bookmark: _Toc58838378][bookmark: _Toc61354603][bookmark: _Toc107310453][bookmark: _Toc113360058][bookmark: _Toc113360773]5.4.4	Ve-Vnfm reference points
Ve-Vnfm is a composition of the reference points between VNFM and EM, and between VNFM and VNF: 
The reference point Ve-Vnfm-em enables information exchanges between the VNFM and the EM.
The reference point Ve-Vnfm-vnf enables information exchanges between the VNFM and the VNF.  
The functionality provided over the Ve-Vnfm reference points are based on the functional requirements specified in ETSI GS NFV-IFA 010 [1] for the VNFM Functional Block (FB).
The Ve-Vnfm reference point and its interfaces are specified in ETSI GS NFV-IFA 008 [i.7].
[bookmark: _Toc50742465][bookmark: _Toc51311126][bookmark: _Toc51312247][bookmark: _Toc55335347][bookmark: _Toc58835946][bookmark: _Toc58836062][bookmark: _Toc58836119][bookmark: _Toc58836189][bookmark: _Toc58838379][bookmark: _Toc61354604][bookmark: _Toc107310454][bookmark: _Toc113360059][bookmark: _Toc113360774]5.4.5	Or-Vi reference point
The Or-Vi reference point enables the information exchanges between the NFVO and the VIM. The interfaces associated with the Or-Vi reference point are based on the functional requirements specified in ETSI GS NFV‑IFA 010 [1] for the VIM and NFVO functional blocks.
The Or-Vi reference point and its interfaces are specified in ETSI GS NFV-IFA 005 [i.4].
[bookmark: _Toc50742466][bookmark: _Toc51311127][bookmark: _Toc51312248][bookmark: _Toc55335348][bookmark: _Toc58835947][bookmark: _Toc58836063][bookmark: _Toc58836120][bookmark: _Toc58836190][bookmark: _Toc58838380][bookmark: _Toc61354605][bookmark: _Toc107310455][bookmark: _Toc113360060][bookmark: _Toc113360775]5.4.6	Vi-Vnfm reference point
The Vi-Vnfm reference point enables the information exchanges between the VNFM and the VIM. The interfaces associated with the Vi-Vnfm reference point are based on the functional requirements specified in ETSI GS NFV‑IFA 010 [1] for the VIM and VNFM functional blocks.
The Vi-Vnfm reference point and its interfaces are specified in ETSI GS NFV-IFA 006 [i.5].
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The reference point Nf-Vi enables the external interaction of NFV-MANO with the NFVI.
Nf-Vi is a representation of the information exchanges between the NFVI and the management and orchestration functions in the VIM. 
[bookmark: _Toc107310457][bookmark: _Toc113360062][bookmark: _Toc113360777]5.4.8 	Or-Wi reference point
The reference point Or-Wi enables the information exchanges between NFVO and the WIM. A detailed specification of the interfaces supported over the Or-Wi reference point is available in ETSI GS NFV-IFA 032 [i.9].
The reference point Or-Wi offers the WIM capabilities to the NFVO via the following interfaces:
· MSCS Management interface,
· WAN Capacity Management interface,
· MSCS Fault Management interface, and
· MSCS Performance Management interface.

[bookmark: _Toc107310458][bookmark: _Toc113360063][bookmark: _Toc113360778]5.4.9	Or-Or reference point
The reference point Or-Or is used for information exchanges between the NFVOs handling NSs in a hierarchical relationship (i.e., composite NS and nested NS) across multiple NFV administrative domains. The interfaces associated with the Or-Or reference point are based on the functional requirements specified in ETSI GS NFV-IFA 010 [1] for the NFVO functional block.
The Or-Or reference point and its interfaces are specified in ETSI GS NFV-IFA 030 [i.10]. 

[bookmark: _Toc113360064][bookmark: _Toc113360779]5.5	Functions
[bookmark: _Toc113360065][bookmark: _Toc113360780]5.5.1	Container Infrastructure Service Management (CISM)
The CISM is a function specified in ETSI GS NFV-IFA 040 [i.11] and ETSI GS NFV-IFA 036 [i.12]. Its main functions are the handling of:
OS container workload management;
OS container compute management;
OS container storage management;
OS container network management;
OS container configuration management;
CIS instance management;
CIS storage management;
Managed CIS Cluster Objects (MCCO) management. 
[bookmark: _Toc113360066][bookmark: _Toc113360781]5.5.2	Container Image Registry (CIR)
The CIR is a function specified in ETSI GS NFV-IFA 040 [i.11]. Its main functions are the handling of:
OS container image management;
[bookmark: _Toc113360067][bookmark: _Toc113360782]5.5.3	CIS Cluster Management (CCM)
The CCM is a function specified in ETSI GS NFV-IFA 036 [i.12]. Its main functions are the handling of:
CIS cluster lifecycle management;
CIS cluster configuration management;
CIS cluster performance management;
CIS cluster fault management.

[bookmark: _Toc113360068][bookmark: _Toc113360783]5.6	Service interfaces
[bookmark: _Toc113360069][bookmark: _Toc113360784]5.6.1	Interfaces approach
The concept of service interface is introduced to NFV architectural framework from Release 4. It specifies an interface from the viewpoint of the producer of the interface (i.e., an NFV-MANO function). The relationship between a consumer and its consumed service interfaces is complemented in the requirements specified in ETSI GS NFV-IFA 010 [1].
[bookmark: _Toc113360070][bookmark: _Toc113360785]5.6.2	OS container workload management service interface
The OS container workload management service interface produced by the CISM provides the capability to a consumer to manage OS container workloads. The interface associated to OS container workload management service is based on the service interface requirements specified in ETSI GS NFV-IFA 040 [i.11]. 
[bookmark: _Toc113360071][bookmark: _Toc113360786]5.6.3	OS container compute management service interface
The OS container compute management service interface produced by the CISM provides the capability to a consumer to manage Compute MCIOs. The interface associated to OS container compute management service is based on the service interface requirements specified in ETSI GS NFV-IFA 040 [i.11]. 
[bookmark: _Toc113360072][bookmark: _Toc113360787]5.6.4	OS container storage management service interface
The OS container storage management service interface produced by the CISM provides the capability to a consumer to manage Storage MCIOs. The interface associated to OS container storage management service is based on the service interface requirements specified in ETSI GS NFV-IFA 040 [i.11].
[bookmark: _Toc113360073][bookmark: _Toc113360788]5.6.5	OS container network management service interface
The OS container network management service interface produced by the CISM provides the capability to a consumer to manage Network MCIOs. The interface associated to OS container network management service is based on the service interface requirements specified in ETSI GS NFV-IFA 040 [i.11].
[bookmark: _Toc113360074][bookmark: _Toc113360789]5.6.6	OS container configuration management service interface
The OS container configuration management service interface produced by the CISM provides the capability to a consumer to manage configurations related to OS containers. The interface associated to OS container configuration management service is based on the service interface requirements specified in ETSI GS NFV-IFA 040 [i.11].
[bookmark: _Toc113360075][bookmark: _Toc113360790]5.6.7	CIS instance management service interface
The CIS instance management service interface produced by the CISM provides the capability to a consumer to manage CIS instances. The interface associated to CIS instance management service is based on the service interface requirements specified in ETSI GS NFV-IFA 036 [i.12]. 
[bookmark: _Toc113360076][bookmark: _Toc113360791]5.6.8	CIS MCCO management service interface
The CIS MCCO management service interface produced by the CISM provides the capability to a consumer to manage MCCOs. The interface associated to CIS MCCO management service is based on the service interface requirements specified in ETSI GS NFV-IFA 036 [i.12]. 
[bookmark: _Toc113360077][bookmark: _Toc113360792]5.6.9	CIS cluster lifecycle management service interface
The CIS cluster lifecycle management service interface produced by the CCM provides the capability to a consumer to manage the lifecycle of CIS clusters. The interface associated to CIS cluster lifecycle management service is based on the service interface requirements specified in ETSI GS NFV-IFA 036 [i.12]. 
[bookmark: _Toc113360078][bookmark: _Toc113360793]5.6.10	CIS cluster fault management service interface
The CIS cluster fault management service interface produced by the CCM provides the capability to a consumer to request fault management related to CIS clusters. The interface associated to CIS cluster fault management service is based on the service interface requirements specified in ETSI GS NFV-IFA 036 [i.12]. 
[bookmark: _Toc113360079][bookmark: _Toc113360794]5.6.11	CIS cluster configuration management service interface
The CIS cluster configuration management service interface produced by the CCM provides the capability to a consumer to request configuration management related to CIS clusters. The interface associated to CIS cluster configuration management service is based on the service interface requirements specified in ETSI GS NFV-IFA 036 [i.12]. 
[bookmark: _Toc113360080][bookmark: _Toc113360795]5.6.12	CIS cluster performance management service interface
The CIS cluster performance management service interface produced by the CCM provides the capability to a consumer to request performance management related to CIS clusters. The interface associated to CIS cluster performance management service is based on the service interface requirements specified in ETSI GS NFV-IFA 036 [i.12]. 
[bookmark: _Toc113360081][bookmark: _Toc113360796]5.6.13	CIS cluster security management service interface
The CIS cluster security management service interface produced by the CCM provides the capability to a consumer to request security management related to CIS clusters. The interface associated to CIS cluster security management service is based on the service interface requirements specified in ETSI GS NFV-IFA 036 [i.12]. 

[bookmark: _Toc32938125][bookmark: _Toc32938204][bookmark: _Toc33106116][bookmark: _Toc41467611][bookmark: _Toc46390839][bookmark: _Toc50742468][bookmark: _Toc51311129][bookmark: _Toc51312250][bookmark: _Toc55335350][bookmark: _Toc58835949][bookmark: _Toc58836065][bookmark: _Toc58836122][bookmark: _Toc58836192][bookmark: _Toc58838382][bookmark: _Toc61354607][bookmark: _Toc107310459][bookmark: _Toc113360082][bookmark: _Toc113360797]6	NFV-MANO reliability considerations
The reliability of NFV-MANO functional blocks is outside the scope of NFV Release 2. However, the services provided by NFV-MANO functional blocks include some considerations for the reliability of VNFs and NSs.
For example, fault management interfaces produced by the different NFV-MANO functional blocks and consumed by other NFV-MANO functional blocks, as well as by non-MANO functional blocks (such as EM, VNF and OSS/BSS), allow transferring information about alarms in the form of notifications. In cases of e.g. resource failures, the consumer functional blocks can further trigger appropriate actions to maintain the VNF and NS availability levels, e.g. perform a healing.
Likewise, the NFV-MANO descriptors include information that can be used for reliability and availability purposes. Such examples include: 
an indication on whether VNF auto-healing can be triggered by the VNFM; 
the possibility to include anti-affinity constraints used by NFV-MANO for making resource placement decisions, i.e. setting an anti-affine relation between instances of the same object reduces the risk that they all fail at the same time within the scope of that constraint.
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Security aspects corresponding to NFV-MANO capabilities concentrate on:
protection of the information exchanges over the reference points via: 
a)	authentication and authorization; and
b)	message encryption and integrity. 
integrity protection of the VNF Package, PNF archive file and the NSD archive file. Additional confidentiality protection of the VNF Package artifacts can also be done at onboarding, based on the service provider security policies. 
Security requirements specified in ETSI GS NFV-IFA 010 [1] cover authentication, authorization, encryption and integrity protection of the data exchanges, within the NFV-MANO architectural framework as well as with external functional blocks. 
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