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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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[bookmark: _Toc455504141][bookmark: _Toc481503679][bookmark: _Toc482690128][bookmark: _Toc482690605][bookmark: _Toc482693301][bookmark: _Toc484176729][bookmark: _Toc484176752][bookmark: _Toc484176775][bookmark: _Toc487530211][bookmark: _Toc527985996][bookmark: _Toc19025625][bookmark: _Toc19026107][bookmark: _Toc67664001][bookmark: _Toc67666902][bookmark: _Toc67666924][bookmark: _Toc67667040][bookmark: _Toc67667200][bookmark: _Toc144999204]2.1	Normative 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.
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".
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[bookmark: _Toc451532926][bookmark: _Toc527985999][bookmark: _Toc19025628][bookmark: _Toc19026110][bookmark: _Toc67664004][bookmark: _Toc67666905][bookmark: _Toc67666927][bookmark: _Toc67667043][bookmark: _Toc67667203][bookmark: _Toc144999207]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: _Toc144999208]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: _Toc144999209]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
[bookmark: _Toc455504147][bookmark: _Toc481503685][bookmark: _Toc482690134][bookmark: _Toc482690611][bookmark: _Toc482693307][bookmark: _Toc484176735][bookmark: _Toc484176758][bookmark: _Toc484176781][bookmark: _Toc487530217][bookmark: _Toc527986002][bookmark: _Toc19025631][bookmark: _Toc19026113][bookmark: _Toc67664007][bookmark: _Toc67666908][bookmark: _Toc67666930][bookmark: _Toc67667046][bookmark: _Toc67667206][bookmark: _Toc144999210]4	Overview
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: _Toc144999211]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: _Toc144999212]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: _Toc144999213]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: _Toc144999214]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: _Toc144999215]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.
[bookmark: _Toc144999216]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: _Toc144999217]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: _Toc144999218]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: _Toc144999219]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. 
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[bookmark: _Toc144999222]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: _Toc144999223]B.1	First clause of the annex 
[bookmark: _Toc144999224]B.1.1	First subdivided clause of the annex
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