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1 [bookmark: _Toc455504139][bookmark: _Toc481503677][bookmark: _Toc482690126][bookmark: _Toc482690603][bookmark: _Toc482693299][bookmark: _Toc484176727][bookmark: _Toc484176750][bookmark: _Toc484176773][bookmark: _Toc487530209][bookmark: _Toc527985994][bookmark: _Toc19025623][bookmark: _Toc19026105][bookmark: _Toc67663999][bookmark: _Toc67666900][bookmark: _Toc67666922][bookmark: _Toc67667038][bookmark: _Toc67667198][bookmark: _Toc149288586]Scope
The present document analyses the possible evolution of the current NFV-MANO architecture to support new scenarios in NFV-based telco cloud evolution such as new types of virtualisation technologies, heterogenous infrastructure or hyper-distributed edge deployment.
Started by gap analysis for the current NFV-MANO architecture to support the above scenarios, key architectural principles are identified for deriving potential architectural changes from current NFV-MANO architecture. Resolution to the identified gaps by the proposed architectural changes is also analysed. At the end, recommendations for evolution of NFV-MANO architecture adaptive to future telco cloud scenarios are delivered.
[bookmark: _Toc455504140][bookmark: _Toc481503678][bookmark: _Toc482690127][bookmark: _Toc482690604][bookmark: _Toc482693300][bookmark: _Toc484176728][bookmark: _Toc484176751][bookmark: _Toc484176774][bookmark: _Toc487530210][bookmark: _Toc527985995][bookmark: _Toc19025624][bookmark: _Toc19026106][bookmark: _Toc67664000][bookmark: _Toc67666901][bookmark: _Toc67666923][bookmark: _Toc67667039][bookmark: _Toc67667199][bookmark: _Toc149288587]2	References
[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: _Toc149288588]2.1	Normative references
Normative references are not applicable in the present document.
[bookmark: _Toc455504142][bookmark: _Toc481503680][bookmark: _Toc482690129][bookmark: _Toc482690606][bookmark: _Toc482693302][bookmark: _Toc484176730][bookmark: _Toc484176753][bookmark: _Toc484176776][bookmark: _Toc487530212][bookmark: _Toc527985997][bookmark: _Toc19025626][bookmark: _Toc19026108][bookmark: _Toc67664002][bookmark: _Toc67666903][bookmark: _Toc67666925][bookmark: _Toc67667041][bookmark: _Toc67667201][bookmark: _Toc149288589]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 GR NFV 003: "Network Functions Virtualisation (NFV); Terminology for Main Concepts in NFV".
[i.2]	ETSI GS NFV 006: "Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Architectural Framework Specification".
[i.3]	ETSI White Paper, 2023: "Evolving NFV towards the next decade".
NOTE:	Available at https://www.etsi.org/images/files/ETSIWhitePapers/ETSI-WP-54-Evolving_NFV_towards_the_next_decade.pdf
[i.4]	ETSI White Paper, 2023: " In the light of Ten Years from the NFV Introductory".
NOTE:	Available at https://www.etsi.org/images/files/ETSIWhitePapers/ETSI-WP-53-In-the-Light-of-Ten-ears-from-the-NFV-Introductory-Whitepaper.pdf
[bookmark: _Toc451532925][bookmark: _Toc527985998][bookmark: _Toc19025627][bookmark: _Toc19026109][bookmark: _Toc67664003][bookmark: _Toc67666904][bookmark: _Toc67666926][bookmark: _Toc67667042][bookmark: _Toc67667202][bookmark: _Toc149288590][bookmark: _Hlk527028731]3	Definition of terms, symbols and abbreviations
[bookmark: _Toc451532926][bookmark: _Toc527985999][bookmark: _Toc19025628][bookmark: _Toc19026110][bookmark: _Toc67664004][bookmark: _Toc67666905][bookmark: _Toc67666927][bookmark: _Toc67667043][bookmark: _Toc67667203][bookmark: _Toc149288591]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].

[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: _Toc149288592]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: _Toc149288593]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in ETSI GR NFV 003 [i.1] and the following apply:

[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: _Toc149288594]4	Background and overview
[bookmark: _Toc149288595][bookmark: _Toc22808952][bookmark: _Toc138687429][bookmark: _Toc141775983][bookmark: _Toc141776955]4.1	History recapping
The current NFV-MANO reference architecture has experienced a decade of evolution. Initially started from Release 2 (in 2014), a hierarchical NFV-MANO architecture was specified for virtualised network environment, with the target to de-couple software implementations of network functions from their computing, storage and networking resources they use. NFV-MANO is composed of 3 functional blocks (i.e., the NFVO, VNFM and VIM), which managed different levels of resource abstraction like network service, virtualised network function and virtualised infrastructure respectively. The initial NFV-MANO architecture constructed a management and orchestration framework for VM based virtualisation. In Release 3, to support the extended operational scenario of managing network services across multiple NFVI-PoPs or across multiple administrative domains, the functional block WIM and the reference point between two NFVOs were  introduced. In Release 4, several OS container management and orchestration related functions were added, such as the CISM, CIR and CCM, with adapting NFV-MANO to support the management of container based VNFs or network functions following “cloud-native” design principles. This constitutes the functional view of NFV-MANO architecture evolution as illustrated in figure 4.1-1 (derived from ETSI GS NFV 006 [i.2]).
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Figure 4.1-1: Evolution of NFV reference architecture
[bookmark: _Toc149288596]4.2	Future trends
The community of ISG NFV has conducted a lot of exploration and discussion on the future evolution of NFV from 2022, targeting for enhancing the visions and blueprints of NFV based telco cloud development in the next decade. The outcome of the above work is mainly reflected in the publication of two ETSI whitepapers in the first half of 2023: “Evolving NFV towards the next decade” [i.3] (focusing on future technology scenario trends from the ISG NFV community perspective) and “In the light of Ten Years from the NFV Introductory” [i.4] (focusing on future business challenges and recommendations from the ISG operators’ perspective). The future trends expected to happen in the NFV architectural framework are summarized as follows:  
· Evolution of the NFVI. Driven by new telco cloud application scenarios, new requirements for deploying diversified heterogeneous hardware in NFV system are becoming a reality. Multiple innovative technologies related to heterogenous hardware, e.g., DPU, GPU, NPU, FPGA, AI ASIC, encrypted memory space or hypervisor partitioning are expected to be introduced in the NFVI framework. These technologies target to enhance the current hypervisor-based or OS-based NFVI, and fulfil diversified telco-grade requirements (performance, security, reliability or integration) of new applications, such as AI training, digital twin, high-speed video processing or network security. This is a technical trend of horizontally extending the NFVI physical resource (or hardware) layer.
· Evolution of the application virtualisation forms. The ISG NFV community believes that OS container virtualisation will not be the end of NFV technology evolution. Other types of virtualisation technology such as micro VM, Kata container and unikernel can complement VMs and OS containers by combining the advantages of respective virtualisation technologies. Other virtualisation technologies such as WebAssembly (Wasm) is more portable and flexible than OS containers for edge device deployment. This is a technical trend of horizontally or vertically extending the NFV virtualisation layer.
· Evolution of the telco cloud applications. With the wide application of NFV technology in 4G and 5G networks, it is foreseen that the scale of NFV systems is gradually expanding, and more and more telco services are being deployed on top of NFV systems. By adopting new types of infrastructure, virtualisation technologies, NFV systems will be more attractive for new types of telco networks evolving towards 5G advanced and beyond. In the past releases, ISG NFV has studied the enhancement to NFV-MANO for supporting different types of network (e.g., 5G, RAN, MEC) or new capabilities (e.g., network slicing), and in the future, other new types of applications or services running on top of telco cloud will be introduced in the framework, such as AI/ML applications, telco cloud services (learnt from the practice of public cloud services). Through these changes, the NFV application ecosystem will tremendously increase in diversity in the next decade.
· Evolution of automation and intelligence for NFV-MANO. Although NFV-MANO has been initially equipped with necessary automation mechanisms, such as auto-scaling, auto-healing, or policy management, from Release 4 on, ISG NFV persistently explores the new mechanisms or technologies in the scope of autonomous networks, to gradually achieve a higher automation and intelligence level for the whole NFV framework. Such efforts include but not are limited to, DevOps, Intent driven Management/declarative interfaces or MDAF. In the future, with the comprehensive improvement of NFV end-to-end automation capabilities, CLA (Closed Loop Automation), AIOps (Artificial Intelligence operations) and MLOps (Machine Learning operations) technologies will be further introduced to NFV based telco cloud to implement automatic decision-making and optimization.                
· [bookmark: _GoBack]Evolution of telco cloud deployment and coordination. NFV framework is designed to manage and control network functions. As service providers are getting more experienced with NFV practices, it becomes clear that NFV is rapidly being extended to support more use cases covering edge clouds. Edge clouds move down from the convergence edge to the access edge, ultra-edge or even terminal edge to ensure real-time applications such as industrial devices control and metaverse. Correspondingly, infrastructure resources expand from centralized deployment to a full and ubiquitous distributed network functions deployment considering various cloud locations such as central, regional and edge, even in some cases to possibly extreme and far reach locations such as air and space. This will bring new requirements regarding the distribution of infrastructure, network connectivity, telecom networking and coordinated management and orchestration to achieve such a highly distributed infrastructure.
[bookmark: _Toc149288597]4.3	Problem statement
 The current NFV-MANO architecture faces new challenges when NFV evolves to fulfil more and more requirements from innovative scenarios of future trends. The future NFV architecture will no longer be an architecture that supports a main single scenario (e.g., as NFV initially for virtualisation of network functions), but to be a unified architectural framework to support management of extensive and diverse telco applications running on top of heterogenous cloud infrastructure services. In order to adapt to this change, the present document focuses on the following issues on architectural aspects and provides corresponding standardization recommendations for a future-proof architecture:
· The gap between an increasingly loaded architecture due to addition of new functional blocks/functions, interfaces, and the operators’ needs to reduce the complexity of system integration. Main concerns include but not be limited to: ease the interaction between interface consumer and producer, avoid duplicated interface or descriptor information specification across multiple layers, identify interfaces where the NFV framework can bring more or additional value. 
· A unified NFV architectural framework adaptive to multiple scenarios of future trends in a user-friendly manner, and support multi-vendor interoperability in an efficient and flexible way. In this regard, the diversity of future NFVI, application virtualisation forms as well as telco cloud applications needs to be considered.
· Architectural elements which support advanced automation and intelligence, and continuous capability improvement on automatic decision-making and optimization in an NFV autonomous domain.
· Trade-off factors to maintain backward compatibility of the architecture when NFV evolves, such as carrying legacy NFV supported functionality in a unified framework.
[bookmark: _Toc149288598]5	Gap analysis on NFV-MANO architecture
Editor’s Note: This clause identifies potential gaps for current NFV-MANO architecture specified in ETSI GS NFV 006 v4.4.1 to support new scenarios in NFV evolution, such as new types of virtualisation technologies, heterogenous infrastructure and hyper-distributed edge deployment.
[bookmark: _Toc149288599]5.1	Introduction
Clause 5 analyses a couple of future trends as described in ETSI whitepaper “Evolving NFV towards the next decade” [i.3], studies their impacts on the current NFV-MANO architecture, and identifies potential architectural gaps when NFV evolves to support the trends. Future trends to be studied in respect to their architectural aspects include:
· Diversified and heterogenous infrastructure
· Multi-cloud or hybrid-cloud accommodating different types of virtualisation forms
· New telco applications/services (rather than network functions) running on telco cloud infrastructure
Editor’s Note: Other trends can be added per case by case basis.
[bookmark: _Toc149288600]5.2	Trends and potential architectural gaps 
[bookmark: _Toc145317174][bookmark: _Toc145348660][bookmark: _Toc145596465][bookmark: _Toc145598159][bookmark: _Toc146203841][bookmark: _Toc146271015][bookmark: _Toc146271236][bookmark: _Toc146292220][bookmark: _Toc149288601]5.2.1	Trend #1: <Name of future trend 1>
[bookmark: _Toc145317239][bookmark: _Toc145348725][bookmark: _Toc145596530][bookmark: _Toc145598224][bookmark: _Toc146203906][bookmark: _Toc146271080][bookmark: _Toc146271301][bookmark: _Toc146292285][bookmark: _Toc149288602]5.2.1.1	Description
[bookmark: _Toc149288603]5.2.1.2	Gap analysis
[bookmark: _Toc149288604]5.2.x	Trend #x: <Name of future trend x>
[bookmark: _Toc149288605]5.2.x.1	Description
[bookmark: _Toc149288606]5.2.x.2	Gap analysis
[bookmark: _Toc149288607]6	Key architectural principles in NFV evolution
Editor’s Note: This clause elaborates key architecture principles (to some extent regarded as traction targets to the architectural changes in the next clause) for supporting NFV evolution.
[bookmark: _Toc149288608]7	Architectural solutions and potential enhancements
Editor’s Note: This clause proposes respective architectural solutions as well as potential enhancements to align with architectural principles in the previous clause. Resolution to identified gaps in clause 5 is also analysed and concluded.
[bookmark: _Toc149288609]8	Recommendations
[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: This clause delivers recommendations to NFV-MANO architecture specified in ETSI GS NFV 006 v4.4.1, on how are the architecture changes or enhancements (if necessary) adaptive to long-term evolution of NFV based telco cloud.
[bookmark: _Toc149288610]9	Conclusion
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