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[bookmark: _Hlk133005417]The present document specifies requirements for physical infrastructure management in the NFV-MANO framework. The document provides a common information model for describing hardware attributes and statuses, and specifies operations for managing infrastructure hardware with respect to life cycle and FCAPS of compute/storage/networking resources, including new types of resources like Smart-NICs.
In addition, architectural analysis of physical infrastructure management within the NFV-MANO framework and profiling of existing solutions related to hardware management are included as part of informative annexes to the present document.
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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.
Referenced documents which are not found to be publicly available in the expected location might be found at https://docbox.etsi.org/Reference.
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 necessary for the application of the present document.
[1]	<first normative reference>.
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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 GR NFV 003: "Network Functions Virtualisation (NFV); Terminology for Main Concepts in NFV".
[i.2]	ETSI GR NFV-EVE 021: "Network Functions Virtualisation (NFV) Release 5; Evolution and Ecosystem; Report on energy efficiency aspects for NFV".
[i.3]	ETSI GR NFV-IFA 046: "Network Functions Virtualisation (NFV) Release 5; Architectural Framework; Report on NFV support for virtualisation of RAN".
[i.4]	ETSI GS NFV-IFA 036: "Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Requirements for service interfaces and object model for container cluster management and orchestration specification".
[i.5]	ETSI GS NFV-IFA 040: "Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Requirements for service interfaces and object model for OS container management and orchestration specification".
[i.6]	ETSI GR NFV-IFA 035: "Network Functions Virtualisation (NFV) Release 5; Architectural Framework; Report on network connectivity integration and operationalization for NFV".
[i.7]	Anuket Reference Model for Cloud Infrastructure (RM)
NOTE:	Available at: https://cntt.readthedocs.io/projects/rm/en/stable-nile/index.html 
Editor’s note:	This is the version of the Nile release, a newer version with more information on PIM and use of ODIM [i.c] and Redfish® [i.d] will be published in time to be used here.
[i.8]	GSM Association, Official Document NG.126: "Cloud Infrastructure Reference Model, Version 3.0 (23 November 2022)".
NOTE:	This document is created by Linux Foundation Anuket, see [i.a], and is also published by GSMA Networks Group (https://membergateway.sharepoint.com/sites/wg-TG-ISIG-NG). It is available at https://membergateway.sharepoint.com/:w:/r/sites/wg-TG-ISIG-NG/_layouts/15/Doc.aspx?sourcedoc=%7B2060DCAF-8956-40B3-9D78-8D508DDD8B74%7D&file=NG.126%20v3.0.docx .
[i.9]	ODIM project, available at https://odim.io/ 
[i.10]	Redfish®, ISO/IEC 30115-1:2022: "Information technology — Redfish scalable platforms management API specification — Part 1: Redfish Specification v1.13.0"
NOTE:	Available at https://www.iso.org/standard/83853.html 
[i.11]	DMTF DSP0268: "Redfish® Data Model Specification"
NOTE:	Available at https://www.dmtf.org/sites/default/files/standards/documents/DSP0268_2023.1.pdf 
[i.12]	O-RAN.WG6.O2-GA&P-R003-v05.00: "O-RAN Working Group 6; O2 Interface General Aspects and Principles".
[i.13]	ETSI GS NFV 006: "Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Architectural Framework Specification".
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[bookmark: _Toc451532926][bookmark: _Toc527985999][bookmark: _Toc19025628][bookmark: _Toc19026110][bookmark: _Toc67664004][bookmark: _Toc67666905][bookmark: _Toc67666927][bookmark: _Toc67667043][bookmark: _Toc67667203][bookmark: _Toc146701991]3.1	Terms
For the purposes of the present document, the terms given in ETSI GR NFV 003 [i.1] and the following apply:
NOTE:	A term defined in the present document takes precedence over the definition of the same term, if any, in ETSI GR NFV 003 [i.1].
Physical Infrastructure Management: management of physical resources.
Editor’s note: Definitions to be updated, if needed, as the IFA053 work item progresses.
Physical Resource: hardware component of the NFVI.
 NOTE: Physical resource can be compute, network or storage.
EXAMPLE: Servers, switches, routers, storage systems.
[bookmark: _Toc455504145][bookmark: _Toc481503683][bookmark: _Toc482690132][bookmark: _Toc482690609][bookmark: _Toc482693305][bookmark: _Toc484176733][bookmark: _Toc484176756][bookmark: _Toc484176779][bookmark: _Toc487530215][bookmark: _Toc527986000][bookmark: _Toc19025629][bookmark: _Toc19026111][bookmark: _Toc67664005][bookmark: _Toc67666906][bookmark: _Toc67666928][bookmark: _Toc67667044][bookmark: _Toc67667204][bookmark: _Toc146701992]3.2	Symbols
[bookmark: _Hlk527022222]For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

[bookmark: _Toc455504146][bookmark: _Toc481503684][bookmark: _Toc482690133][bookmark: _Toc482690610][bookmark: _Toc482693306][bookmark: _Toc484176734][bookmark: _Toc484176757][bookmark: _Toc484176780][bookmark: _Toc487530216][bookmark: _Toc527986001][bookmark: _Toc19025630][bookmark: _Toc19026112][bookmark: _Toc67664006][bookmark: _Toc67666907][bookmark: _Toc67666929][bookmark: _Toc67667045][bookmark: _Toc67667205][bookmark: _Toc146701993]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in ETSI GR NFV 003 [i.1] and the following apply:
PIM	Physical Infrastructure Manager
RAN	Radio Access Network
vRAN	virtualised RAN
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Editor’s Note:	This clause will provide overview of Physical Infrastructure Management in the NFV-MANO context and analyse the relevant use cases in other documents.
[bookmark: _Toc455504148][bookmark: _Toc481503686][bookmark: _Toc482690135][bookmark: _Toc482690612][bookmark: _Toc482693308][bookmark: _Toc484176736][bookmark: _Toc484176759][bookmark: _Toc484176782][bookmark: _Toc487530218][bookmark: _Toc527986003][bookmark: _Toc19025632][bookmark: _Toc19026114][bookmark: _Toc67664008][bookmark: _Toc67666909][bookmark: _Toc67666931][bookmark: _Toc67667047][bookmark: _Toc67667207][bookmark: _Toc146701995]4.1	Introduction
The present document introduces the concept of physical infrastructure management in the NFV framework and addresses management aspects, such as inventory management, resource provisioning, FM/PM monitoring, etc., of NFVI physical resources.
Management of physical resources plays an important role in enabling new NFV use cases and deployment scenarios. These include, but are not limited to, the following:
· Enable energy efficient NFV deployments,
· support virtualized RAN (vRAN) use cases in NFV,
· infrastructure management for bare-metal CIS clusters.
The present document defines the role of Physical Infrastructure Manager (PIM) in NFV and specifies its requirements. The role and requirements of PIM are derived based on the relevant use cases and scenarios already identified in ETSI GR NFV-EVE 021 [i.2], ETSI GR NFV-IFA 046 [i.3], and ETSI GS NFV-IFA 036 [i.4].
[bookmark: _Toc146701996]4.2	Background of Physical Infrastructure Management in NFV
Editor’s Note:	This sub-clause will refer the relevant use cases from other NFV documents related to Physical Infrastructure Management, e.g., IFA036, IFA046, EVE021 etc. 
[bookmark: _Toc135643797][bookmark: _Toc146701997]4.2.1	Role of PIM in enabling energy efficiency in NFV
Several aspects of NFV that have an impact on power consumption and energy efficiency are investigated in ETSI GR NFV-EVE 021 [i.2]. In addition to documenting multiple use cases related to energy efficiency in NFV, ETSI GR NFV-EVE 021 [i.2] identifies relevant key issues and proposes potential solutions to address those issues. 
In the context of energy efficiency use cases, Physical Infrastructure Manager (PIM) is responsible for the management of physical resources considering, but not limited to, the following aspects:
· Physical infrastructure management: PIM manages the overall physical infrastructure in the NFVI, such as physical compute, storage and network resources. It maintains resource topology and inventory of its managed entities, indicating their capability support and energy efficiency related metrics. PIM is also capable of providing notifications in the events of changes in state of its managed entities, e.g., notifications related to power state restoration of the NFVI resources etc. PIM is also envisioned to manage pool of physical resources based on different parameters, such as power consumption metrics, power management policies, etc.
· Resource control: PIM manages the control of physical resources in the NFVI such as changing power states (power on/power off) of hardware devices, adjusting input power supply, controlling voltage/frequency (V/F) ratio of CPUs, etc.
· Power consumption information: PIM can acquire power consumption data of its managed physical resources by interacting with the relevant Baseboard Management Controllers (BMCs). PIM also supports providing power consumption information and energy related metrics of physical resources to other MANO entities via its northbound interface.
Editor’s Note: The present subclause to be checked for potential updates upon completion of ETSI GR NFV-EVE 021.
[bookmark: _Toc146701998]4.2.2	Role of PIM in CIS cluster management
For deployment of containerized VNFs in NFV, a group of  Container Infrastructure Service (CIS) cluster nodes is provided from the NFVI, and the corresponding compute resources are allocated by NFV-MANO. The Container Infrastructure Service Manager (CISM), described in ETSI GS NFV-IFA 040 [i.5] is configured to use these CIS cluster nodes hosting CIS instance functionality for the deployment and management of containerized workloads. The composition of all CIS cluster nodes, hosting one or multiple CISM instances and CIS instances, form together a CIS cluster. ETSI GS NFV-IFA 036 [i.4] specifies requirements on CIS Cluster Management (CCM) services. CIS cluster nodes can be realized by either virtual machines (VMs) or by bare-metal servers or a combination of both, i.e., Hybrid CIS clusters. 
The CCM function, responsible for managing CIS clusters, allocates infrastructure resources for CIS cluster nodes. In case of bare-metal CIS clusters, CCM allocates bare-metal servers for the CIS cluster by interacting with an infrastructure management function that manages a pool of hardware resources and can assign bare-metal servers from that pool to the consumers. This infrastructure management functionality can be provided by PIM.
In the context of CIS cluster management, PIM is responsible for the management of physical resources considering, but not limited to, the following aspects:
· Enable allocation of bare-metal servers to CIS clusters: PIM manages physical resources (e.g., bare-metal servers, storage servers, etc.) and can assign them to pool of resources that can in turn be assigned to a CIS cluster upon receiving request from the CCM, as described in clause 4.2.5.3 and Annex B.2 of ETSI GS NFV-IFA 036 [i.4].
· Resource management: PIM is responsible for managing physical resources in the NFVI, such as physical compute, storage and network resources. It offers resource management operations for managing bare-metal servers via its exposed (service) interfaces, similar to VIM in case of VM-based CIS clusters. See clause 4.2.9 of ETSI GS NFV-IFA 036 [i.4].
· Fault and performance notifications: PIM is envisioned to offer performance information of bare-metal resources to the CCM, which in turn maps this information to the respective CIS cluster related object instances as described in clause 4.2.12 of ETSI GS NFV-IFA 036 [i.4]. PIM is also responsible for providing alarms related to physical resources that can be collected and mapped by the CCM for alarm management of CIS clusters.
[bookmark: _Toc146701999]4.2.3	Role of PIM in virtualized RAN
NFV-MANO support for the virtualization of the RAN is studied in ETSI GR NFV-IFA 046 [1.3], where several challenges are reported regarding the compatibility levels between ETSI NFV and the virtualization framework developed by the O-RAN Alliance. In O-RAN, infrastructure resource management is the responsibility of the Infrastructure Management Services (IMS) residing in O-Cloud [i.12]. The IMS is responsible for management of the O-Cloud resources and the software which is used to manage those resources. Similar to the NFVI case, in O-RAN O-Cloud Node Cluster can be of different types (i.e., Bare Metal Container Cluster, VM-based Container Cluster, VM Cluster, OS Cluster). For example, VM-based Container Cluster can be mapped to a CIS cluster based on VMs and a Bare Metal Container Cluster can be mapped to a bare metal CIS cluster. In principle IMS provides collectively the functionality supported by part of the functionality by VIM (regarding virtualized infrastructure management), PIM (regarding physical resources management) and CCM (regarding CIS cluster nodes management). 
In support of virtualized RAN use cases, the PIM is responsible for the management of physical resources considering, but not limited to, the following aspects:
· Physical infrastructure management (as described in clause 4.2.1).
· Resource control (as described in clause 4.2.1).
· Power consumption information (as described in clause 4.2.1).
· Allocation of bare-metal servers to O-Cloud node clusters (similarly for CIS clusters as described in clause 4.2.2).
· Resource management (as described in clause 4.2.2).
· Fault and performance management of physical resources (as described in clause 4.2.2).

In ETSI NFV there is no concept of resource views. In O-RAN a resource view is defined as the visible and/or accessible part of the resource that an actor (e.g., infrastructure manager) sees based on its authority [i.12]. Nevertheless, some similarities can be considered since the consumer of VIM interfaces, the consumer of PIM interfaces and the consumer of CCM interfaces, have specific access privileges on the resources depending on the interface used and their role. 
Editor’s Note: Profiling of PIM exposed interfaces to O2ims is FFS. A note could be added at future stage depending on the progress of both ETSI GS NFV-IFA 053 and O2ims.
4.2.4	Role of PIM in enabling network connectivity integration and operationalization in NFV
ETSI GR NFV-IFA 035 [i.6] studies the integration and operationalization aspects of network connectivity in NFV. Solutions proposed in the ETSI GR NFV-IFA 035 [i.6] consider PIM as an enabler for Operations, Administration, Management and Provisioning (OAM&P) of network devices in NFVI. In that regard, PIM is responsible for, but not limited to, the following aspects:
· Device Management: PIM is responsible for the management of the network devices on different levels, such as NFVI node level, NFVI-PoP network fabric level, etc. For the case of NFVI node level devices, PIM interacts with one or multiple BMCs to manage network interface cards (NICs)/adapters of NFVI nodes. At the NFVI-PoP level, PIM manages devices forming the NFVI-PoP network fabric, such as switches, ports, and NFVI-PoP gateway devices, such as Customer Edge (CE) devices.
· Relationship with SDN controller and other entities: For NFVI-PoP network fabric and gateway management, PIM is responsible for device-level provisioning of underlay network devices, and SDN controller is responsible for network level provisioning. Other NFV-MANO entities, such as VIM, CCM etc. can interact with PIM for the management of NFVI-PoP network elements.

[bookmark: _Toc146702000]4.3	Input from other organizations
Editor’s Note:	This sub-clause will discuss physical infrastructure management approaches/requirements from other organizations such as Anuket, GSMA etc.
4.3.1	Physical Infrastructure Management in Linux Foundation Anuket
Linux Foundation Anuket describes their view on infrastructure and its management in their Reference Model for Cloud Infrastructure (RM) [i.7], which is also available through GSMA [i.8]. The infrastructure model covers Virtual Infrastructure Layer, Hardware Infrastructure Layer and Workload Layer. 
NOTE 1:	Anuket uses the terms hardware infrastructure and hardware resource in their specifications related to physical infrastructure management. In the context of the present document, hardware resource and hardware infrastructure refer to physical resource and physical infrastructure respectively.

The model of hardware infrastructure resources distinguishes between cloud infrastructure (compute, storage and network resources) and hardware acceleration resources. The hardware infrastructure manager is responsible for equipment management and enables:
· provision, manage, monitor and delete hardware resources 
· manage physical hardware resource discovery, monitoring and topology
· manage hardware infrastructure telemetry and log collection service
NOTE 2:	When Anuket mentions deleting hardware resources, this refers to the deletion of logical resources.
In newer versions (later than [i.7]), Anuket includes the ODIM project, see clause 4.3.2, which is an implementation of the Redfish® standard by DMTF, see clause 4.3.3.
Editor’s note: This text needs to be revisited when Anuket publishes newer versions. progress of this topic can be tracked at https://github.com/anuket-project/anuket-specifications/pull/3306 .
4.3.2	Open Distributed Infrastructure Management (ODIM)
ODIM [i.9] is a project hosted by Linux Foundation built upon DMTF Redfish® specifications (see clause 4.3.3).
Editor’s note: More content will be provided in a separate contribution.
4.3.3	DMTF Redfish
The Redfish® interface specifies a HTTP RESTful interface for management of infrastructure platforms, see [i.10] and [i.11].
Editor’s note: More content will be provided in a separate contribution.
[bookmark: _Toc146702001]5	Architectural Aspects of Physical Infrastructure Management
Editor’s Note:	This clause will analyse architectural aspects of PIM and discuss options to determine the best specification approach for interfaces and information modelling.

[bookmark: _Toc146702002]6	Requirements for Physical Infrastructure Management
Editor’s Note:	This clause will define requirements associated to PIM based on profiling of existing solutions done in Annex B.
[bookmark: _Toc146702003]7	Information Modelling for Physical Infrastructure Management
[bookmark: _Toc455504150][bookmark: _Toc481503688][bookmark: _Toc482690137][bookmark: _Toc482690614][bookmark: _Toc482693310][bookmark: _Toc484176738][bookmark: _Toc484176761][bookmark: _Toc484176784][bookmark: _Toc487530220][bookmark: _Toc527986005][bookmark: _Toc19025634][bookmark: _Toc19026116][bookmark: _Toc67664010][bookmark: _Toc67666911][bookmark: _Toc67666933][bookmark: _Toc67667049][bookmark: _Toc67667209]Editor’s Note:	The information modelling in this clause will take into considerations the outcomes from profiling of existing solutions. For example, it may reference already defined information models, such as DMTF Redfish.

[bookmark: _Toc146702004]Annex A (informative): Architectural Analysis of Physical Infrastructure Management
Editor’s Note:	This annex will analyse the architectural options for physical infrastructure management within the NFV-MANO framework. 
[bookmark: _Toc146702005][bookmark: _Toc135837977]A.1	Overview and background 
The present annex analyses architectural aspects of PIM in the NFV-MANO framework building on the preliminary architectural analysis provided in other documents, e.g., ETSI GR NFV-IFA 046 [i.3]. Furthermore, general considerations from architecture design point of view and potential options for placing PIM functionality in the current NFV-MANO architectural framework are evaluated in the present annex. 
[bookmark: _Toc146702006]A.2	Placement options for PIM
[bookmark: _Toc146702007]A.2.1	Introduction
Several solutions considering placement of PIM functionality in NFV are discussed in detail in clause 5.2.1.2.3 of ETSI GR NFV-IFA 046 [i.3]. Detailed analysis using pros and cons-based evaluation is also provided for the documented solutions. Following are the possible solutions identified in the report:
· SOL-A3-1: Extending VIM to offer PIM functionality
· SOL-A3-2: PIM function in OSS
· SOL-A3-3: PIM outside OSS and outside NFV-MANO
· SOL-A3-4: PIM inside NFV-MANO
· SOL-A3-5: PIM function as part of NFVI
Based on the analysis and evaluation, only solutions SOL-A3-1 and SOL-A3-4 are recommended in ETSI GR NFV-IFA 046 [i.3]. The two recommended solutions are further analysed in the present annex as potential options to place PIM in NFV-MANO framework. Solution SOL-A3-1 is termed as Option #1 and SOL-A3-4 is termed as Option #2 hereinafter.
[bookmark: _Toc146702008]A.2.2	Option 1: PIM functionality as part of VIM
This option proposes extending VIM functionality to cover areas of physical infrastructure management, such as provisioning and monitoring of physical resources. For example, addition of new interfaces exposed by VIM related to physical infrastructure management. 
[bookmark: _Toc146702009]A.2.3	Option 2: PIM as a new function in NFV-MANO
This option proposes to add PIM as a new functional entity in NFV-MANO, which is responsible for holistic management of NFVI resources, such as inventory management, provisioning, monitoring, FM/PM, etc. Under this option, it is assumed that PIM will be separate from VIM. VIM already covers some of the management aspects of physical NFVI resources, e.g., compute host reservation, NFVI capacity management etc. With this option, distribution of responsibilities related to physical infrastructure management between VIM and PIM  is to be considered before introducing the new function.
[bookmark: _Toc146702010]A.2.4	Analysis
Table A.2.2-1 provides evaluation of both placement options for PIM based on the pros and cons documented in ETSI GR NFV-IFA 046 [i.3]  as well as some additional pros and cons that aim to cover a broader scope for PIM and its role in NFV.
Table A.2.2-1: Evaluation of PIM placement options
	Options
	Pros
	Cons

	Option 1: PIM functionality in VIM
	IFA046:
- Leverages currently defined physical infrastructure management capabilities already present in current referenced VIM specifications.
- No new reference point or interface is defined; resource management operations are over existing communication channels (Nf-Vi towards NFVI and VIM to CCM).
- All infrastructure (virtual and physical) management aspects are clearly identified towards a single entity thus enabling consolidation of infrastructure management.
- Correlation of physical and virtual infrastructure can be performed without having to involve other management entities.
Additional:
none
	IFA046:
- Additional complexity introduced in VIM because of extending further beyond its current physical infrastructure management functionality. See note.
Additional:
- No clear delineation of management boundaries for physical and virtualized resources in NFV-MANO as VIM is responsible for managing both virtual and physical resources.- Limits interactions between CISM and PIM related to management of physical resources, for example storage management and provisioning.
Editor’s Note:	To recheck the con for CISM and PIM interaction in the context of IFA036. It is possible for CISM to interact with underlying Openstack cloud for provisioning of necessary resources. NFV-MANO does not plan to cover these interactions. NFV006 and IFA036 may need to be clarified on this matter.

	Option 2: PIM in NFV-MANO
	IFA046:
- Able to handle scenarios with dynamic resource provisioning.
- Possible direct mapping of PIM to O-Cloud IMS operations.
- Physical infrastructure management information can be used, referenced, and correlated at multiple levels within NFV-MANO, e.g., physical inventory information can be considered for end-to-end resources orchestration by NFV-MANO.
Additional:
- Granular control and monitoring of physical resources in the NFVI to support new NFV use cases, e.g., energy efficiency.
- Direct interactions between PIM and MANO entities for dynamic provisioning and control of physical resources.
	IFA046:
- New interfaces to be defined between PIM and VIM and between PIM and CCM.
- Resource management requests are possible from two sources either OSS or NFV-MANO entities, which could cause state management issues.
Additional:
- No holistic management of virtualised and physical resource, as offered by a single entity.
- Synchronization needed between PIM and consumers, e.g., VIM, for correlating physical to virtualized/cluster resources.
- Distribution of responsibilities related to physical infrastructure management between VIM and PIM needs to be considered.

	NOTE: ETSI GR NFV-IFA 046[i.3] also considers some additional cons for this option in the context of O-RAN specifications.  



[bookmark: _Toc135837978][bookmark: _Toc146702011]A.3	Architecture design considerations
Editor’s Note: This annex clause will provide architecture and interface design considerations related to PIM specification, e.g., discussing different approaches, such as SBA. 
[bookmark: _Toc146702012]A.3.1	Introduction
The present annex clause discusses architecture design considerations for PIM in terms of its integration in NFV-MANO and analyses different approaches to specifying PIM and its interfaces within NFV-MANO framework. These architecture design considerations are discussed independent of the placement options described in A.2. Nevertheless, the placement options will have an impact on how PIM interfaces can be specified in NFV-MANO.
Editor’s Note: Relationship between the discussed placement options and architecture design approaches is discussed in clause A.3.4. (This EN to be converted into normal text after A.3.4 is completed).
Editor’s Note: Recommendations provided in annex clause A.4 will consider both the placement and architecture design aspects of PIM in relation with each other. (This EN to be converted into normal text after A.4 is completed).
[bookmark: _Toc146702013]A.3.2	Reference point approach
NFV-MANO architectural framework in ETSI GS NFV 006 [i.13] specifies MANO functional blocks (FB), i.e., NFVO, VNFM, VIM, WIM (optional) and the reference points for interaction between those FBs. To facilitate interactions with other entities, MANO FBs expose standard interfaces that are supported over relevant reference points. Furthermore, concept of service interfaces has been introduced since Release 4 of NFV, where multiple functions, especially those offering container support e.g., CISM, CCM, expose their service interfaces to other MANO and non-MANO entities. 
To integrate PIM in NFV-MANO, one option could be to add PIM as a new functional entity in NFV-MANO framework (as described in annex clause A.2). It is already established in prior studies, e.g., ETSI GR NFV-IFA 046 [i.3], ETSI GR NFV-EVE 021 [i.2], that PIM can interact with multiple MANO entities to support new features and use cases summarized in clause 4 of the present document. For example, interactions between PIM and VIM, PIM and CCM, PIM and NFVO, PIM and CISM are already identified to fulfil physical infrastructure management in NFV. Therefore, using the reference point approach, multiple reference points could be established within NFV-MANO between PIM and other MANO entities. An exemplary illustration of NFV-MANO framework with PIM as a new functional block is shown in figure A.3.2-1.
[image: ]
Figure A.3.2-1: PIM function inside NFV-MANO as an example placement option
Figure A.3.2-1 is based on the one of the architectural placement options for PIM discussed in ETSI GR NFV-IFA 046 [i.3]. The figure shows multiple points of interaction between PIM and NFVO, PIM and VIM, PIM and CCM etc, over which PIM could expose its interfaces.
[bookmark: _Toc146702014]A.3.3	SBA Approach
…
[bookmark: _Toc146702015]A.3.4	Analysis
Pros and cons-based analysis of the two approaches to PIM architecture design is summarized in table A.3.4-1. Relationship between architecture design approaches and PIM placement options is also highlighted.
Editor’s Note: The analysis for SBA approach will be included once it is identified which form of SBA approach is being followed for architecture design.
Table A.3.4-1: Evaluation of architecture design approaches for PIM
	Approach
	Pros
	Cons
	Relation with placement options

	Reference Point approach
	- Uniformity with the way existing interfaces exposed by VIM and other MANO FBs are defined in NFV-MANO.
	- A set of same interfaces exposed by PIM could be duplicated over multiple reference points in NFV-MANO. From specification point of view, interface specifications can be duplicated in multiple documents, increasing complexity for future enhancements in the specs. See note.
	Option #1 PIM in VIM:
- Suitable for this placement option. New interfaces can be added as VIM exposed interfaces over the relevant reference points.

Option #2 PIM in NFV-MANO:
- Suitable for this placement option. New reference points can be defined between PIM and other entities, specifying interfaces supported over each reference point.

	NOTE: To avoid this con, all interfaces related to PIM can be specified in one place, e.g., in ETSI GS NFV-IFA 005 [i.ref-ifa005] and the relevant interfaces can be referenced elsewhere if needed. 



[bookmark: _Toc146702016]A.4	Recommendations
Editor’s Note: This annex clause will provide recommendations related to PIM placement and integration in NFV-MANO by analysing the placement and interface design options documented in previous clauses. 

[bookmark: _Toc146702017]Annex B (informative): Profiling of existing solutions
Editor’s Note:	This annex will profile the endorsed existing solutions such as IPMI, Ansible, DMTF Redfish, OpenStack Ironic, LFN ODIM and metal3 etc.
[bookmark: _Toc146702018]B.1	First clause of the annex 
[bookmark: _Toc146702019]B.1.1	First subdivided clause of the annex
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	May 2023
	V0.0.1
	Initial skeleton of the GS as provided in NFVIFA(23)000313r1 (approved in NFVIFA#332-F2F).

	May 2023
	V0.0.2
	Updates the Scope clause by implementing contribution: NFVIFA(23)000352r1 - IFA053 Scope (approved in NFVIFA#335).

	June 2023
	V0.1.0
	First major drafting implementing technical contributions:
· NFVIFA(23)000421r1 - IFA053 Clause 4 Introduction
· NFVIFA(23)000449r2 - IFA053 Clause 4 PIM for Green NFV

	September 2023
	V0.2.0
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· NFVIFA(23)000539r1 - IFA053 Clause 4 PIM for CIS cluster management
· NFVIFA(23)000621r2 - IFA053 3.1 General terminologies
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	V0.3.0
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· NFVIFA(23)000644r1 - IFA053 Clause 4 PIM for NFV connectivity
· NFVIFA(23)000654r1 - IFA053 Clause 4.3 Input from other organizations
· NFVIFA(23)000655r1 - FEATxx IFA053 Role of PIM in vRAN
· NFVIFA(23)000659r2 - IFA053 Annex A Interface Design - conventional approach
· NFVIFA(23)000661r2 - IFA053 Annex A Interface Design Analysis





[bookmark: _Toc455504156][bookmark: _Toc481503694][bookmark: _Toc482690143][bookmark: _Toc482690620][bookmark: _Toc482693316][bookmark: _Toc484176744][bookmark: _Toc484176767][bookmark: _Toc484176790][bookmark: _Toc487530226][bookmark: _Toc527986011][bookmark: _Toc19025639][bookmark: _Toc19026121][bookmark: _Toc67664015][bookmark: _Toc67666916][bookmark: _Toc67666938][bookmark: _Toc67667054][bookmark: _Toc67667214][bookmark: _Toc146702021]History
	Document history

	<Version>
	<Date>
	<Milestone>

	[bookmark: H_Pub]
	
	

	[bookmark: H_MAP]
	
	

	[bookmark: H_UAP]
	
	

	[bookmark: H_PE]
	
	



ETSI
image2.png
e Service, VNF, CIS

Cluster and Infrastructure
Description

{ 0s-Ma-nfvo
— NFVO

OSS/BSS

CIS/CIS cluster

—Vi-vnfm

_lorvi

—f— NFV reference points and interfaces  —®-1_ NFV service interface (producer only)

. Other reference points and interfaces @l NFV service interface (producer and consumer)





image1.jpeg




