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Essential patents 
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[bookmark: _Toc455504135][bookmark: _Toc481503673][bookmark: _Toc22808945][bookmark: _Toc80633640][bookmark: _Toc145506802][bookmark: _Toc153869883]Foreword
[bookmark: For_tbname]This Group Report (GR) has been produced by ETSI Industry Specification Group Network Functions Virtualisation (NFV).
[bookmark: _Toc455504136][bookmark: _Toc481503674][bookmark: _Toc22808946][bookmark: _Toc80633641][bookmark: _Toc145506803][bookmark: _Toc153869884]Modal verbs terminology
In the present document "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions).
"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.



[bookmark: _Toc455504139][bookmark: _Toc481503677][bookmark: _Toc22808947][bookmark: _Toc80633642][bookmark: _Toc145506804][bookmark: _Toc153869885]1	Scope
The present document investigates the aspects about enabling in the NFV framework new dimensions to extend and evolve the NFVI in terms of reachability, location, and mobility, resources distribution and resources heterogeneity, including but not limited to:
-	new locations for infrastructure resources (e.g., data centres for non-terrestrial networks),
-	new types of infrastructure resources (e.g., SmartNICs, metasurfaces), and
-	new sources of infrastructure resources (e.g., Cloud hyper-scalers).
The present document also documents potential solutions, and where applicable, it also provides recommendations for enhancements to the NFV architectural framework and its functionality aiming to provide further support to address the inclusion of new infrastructure resources for NFV.
Editor's Note: In the bullet points list, to update the examples considering how the work item evolves, i.e., align examples to actual content that will be in the final version of the report.

[bookmark: _Toc455504140][bookmark: _Toc481503678][bookmark: _Toc22808948][bookmark: _Toc80633643][bookmark: _Toc145506805][bookmark: _Toc153869886]2	References
[bookmark: _Toc455504141][bookmark: _Toc481503679][bookmark: _Toc22808949][bookmark: _Toc80633644][bookmark: _Toc145506806][bookmark: _Toc153869887]2.1	Normative references
Normative references are not applicable in the present document.
[bookmark: _Toc455504142][bookmark: _Toc481503680][bookmark: _Toc22808950][bookmark: _Toc80633645][bookmark: _Toc145506807][bookmark: _Toc153869888]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 (V4.4.1): "Network Functions Virtualisation (NFV) Release 4; Management and Orchestration; Architectural Framework Specification".
[i.3]	3GPP TS 23.501: "3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; System architecture for the 5G System (5GS); Stage 2 (Release 18)".

[bookmark: _Toc451532925][bookmark: _Toc22808951][bookmark: _Toc80633646][bookmark: _Toc145506808][bookmark: _Toc153869889]3	Definition of terms, symbols and abbreviations
[bookmark: _Toc451532926][bookmark: _Toc22808952][bookmark: _Toc80633647][bookmark: _Toc145506809][bookmark: _Toc153869890]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: _Toc22808953][bookmark: _Toc80633648][bookmark: _Toc145506810][bookmark: _Toc153869891]3.2	Symbols
For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

[bookmark: _Toc455504146][bookmark: _Toc481503684][bookmark: _Toc22808954][bookmark: _Toc80633649][bookmark: _Toc145506811][bookmark: _Toc153869892]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in ETSI GR NFV 003 [i.1] and the following apply:
ASIC	Application Specific Integrated Circuit
DC	Data Center
DPDK	Data Plane Development Kit
DPU	Data Processing Unit
FPGA	Field Programmable Gate Array
GEO	Geosynchronous Earth Orbit
HAPS	High-Altitude Platform Station
ICT	Information and Communications Technology
LEO	Low Earth Orbit
MEO	Medium Earth Orbit
NTN	Non-Terrestrial Network
RDMA	Remote Direct Memory Access
UAV	Unmanned Aerial Vehicle
UPF	User Plane Function


[bookmark: _Toc455504147][bookmark: _Toc481503685][bookmark: _Toc22808955][bookmark: _Toc80633650][bookmark: _Toc145506812][bookmark: _Toc153869893]4	Introduction and overview
[bookmark: _Toc455504148][bookmark: _Toc481503686][bookmark: _Toc22808956][bookmark: _Toc80633651][bookmark: _Toc145506813][bookmark: _Toc153869894]4.1	Introduction to NFVI
[bookmark: _Toc22808957][bookmark: _Toc80633653][bookmark: _Toc145506815]The NFV Infrastructure (NFVI) comprises the infrastructure used for NFV-based deployments. As defined in ETSI GR NFV 003 [i.1], the NFVI comprises the totality of all hardware and software components that build up the environment in which VNFs are deployed. 
The types of resources comprising the NFVI are compute, storage and network. The NFVI hardware resources can be non-field replaceable units, still distinguishable as COTS components, and are referred as NFVI components. When these are virtualized, they are offered as virtual compute, virtual storage and virtual network resources, as described in clause 5.3.4.4 of ETSI GS NFV 006 [i.2]. The management of the virtualised resources is provided by the VIM.
NFVI also comprises, when necessary, the CIS clusters. CIS is a service providing runtime environment for one or more container virtualization technologies, and they are exposed by one or multiple CIS clusters. The management of the CIS is responsibility of the CISM, and the management of CIS cluster is the responsibility of the CCM.
Finally, the NFVI is regarded to be distributed, with infrastructure spanning one or multiple locations. These are referred as NFVI-PoP or also simply site. The network resources providing connectivity between the sites is also regarded to be part of the NFVI. These are also referred as transport network or WAN. Connectivity is managed by means of multi-site connectivity services (MSCS), and the WIM is the responsible NFV-MANO functional block for them.
From this introduction, the following characteristics can be identified regarding the NFVI:
-	firstly, it is comprised of different components, showing up resource heterogeneity; and
-	secondly, it can comprise resources distributed and placed at different locations.
These characteristics are further analyzed as the dimensions by which new NFVI is to be considered. 
[bookmark: _Toc153869895]4.2	New NFVI dimensions
Editor’s Note: This clause will introduce different aspects of how the NFVI can evolve in various dimensions, such as resource heterogeneity, locations, provision and resources distribution, and resource mobility. If other dimensions are found, these can also be described in the "others" clause.
[bookmark: _Toc80633654][bookmark: _Toc145506816][bookmark: _Toc153869896]4.2.1	Resources heterogeneity
[bookmark: _Toc80633655][bookmark: _Toc145506817]As introduced in clause 4.1, the NFVI is comprised of different types of resources and components. On a general basis, the resources are categorized as compute, storage and network. Some compute elements characterized to offer acceleration capabilities are also explicitly identified as an acceleration resource.
However, as the telecom network services are evolving while supporting new use cases, so are the technologies and components in the infrastructure. Therefore, new kinds of resources need to be further investigated as potential key components to build up future NFVI.
Examples of new types of components are high-performing compute and network resources, such as Smart-NICs, and new forms of programmable physical resources, such as metasurfaces. Clause 4.3 further develops about new types of components or resources.
[bookmark: _Toc153869897]4.2.2	Locations, provision and distribution of resources
[bookmark: _Toc80633656][bookmark: _Toc145506818]As introduced in clause 4.1, the NFVI is distributed, comprising resources, potentially, at different locations. Locations of NFVI presence are referred as NFVI-PoP or simply site.
In terms of locality, numerous use cases on enabling connectivity at far and remote locations are becoming prominent in various organizations’ work. For instance, use cases related to non-terrestrial-networks (NTN) which make use of high-altitude platform stations (HAPS), unmanned aerial vehicles (UAV), or satellites are becoming more prominent.
Another evolutionary aspect to be considered regarding the provisioning and distribution of resources is the leverage of infrastructure provided by Cloud hyper-scalers. Such infrastructure is becoming a reality for the deployment of telecom networks, and therefore, it is of vital importance to investigate the relationship of this resources with the already defined NFVI constructs.
[bookmark: _Toc153869898]4.2.3	Resources mobility
[bookmark: _Toc80633657][bookmark: _Toc145506819]Related to the locations, provision and distribution of resources introduced in clause 4.2.2, another aspect of resources, which is specially related to some of the new infrastructure is the mobility. In this respect, examples like the HAPs, UAV and satellites introduce a new dimension of "mobility", whereby the resource can move among different locations. Not only that, but also their presence and availability be sporadic, e.g., only available during certain periods of time.
[bookmark: _Toc153869899]4.2.4	Others
Editor’s Note:	If other dimensions are found, these can also be described in the present clause.
[bookmark: _Toc153869900]4.3	New kinds of infrastructure resources
Editor’s Note: This clause will provide an introduction to prominent new kinds of infrastructure resources.
[bookmark: _Toc153869901]4.3.1	Data Processing Unit (DPU)
With the rapid development of Information and Communications Technology (ICT) such as 5G, infrastructure resource requirements for computing and network forwarding, etc. are explosively increasing. Currently, massive data flows in Data Center (DC) have driven the port rate per hardware to rapidly evolve from 10 Gbit/s level to 100 Gbit/s level, or even higher. For the past ten years, several solutions have been proposed by the industry to improve the network I/O data processing performance and efficiency, such as Data Plane Development Kit (DPDK). However, it hasn’t changed the traditional CPU serial computing model which makes difficult to maximize the computing capability against the high-concurrency network data forwarding requirement. What is more, the growth rate of network bandwidth is far higher than the growth rate of CPU computing power which leads to increasing excessive CPU resources occupied by network data forwarding.
In this context, Data Processing Unit (DPU) was developed to relieve the main CPU of complex networking responsibilities and to solve the corresponding network I/O performance bottlenecks. A DPU is a programmable processor that integrates general-purpose ARM/x86 CPU with network interface hardware (which could be Application Specific Integrated Circuit (ASIC), Field Programmable Gate Array (FPGA), etc.). 
Compared with SmartNIC introduced to NFV in previous years, DPU has its own bus system to control and manage other devices, which means DPU can exist without host CPU while a SmartNIC cannot. This also makes DPU a new type of processor holding the same position as CPU and GPU, rather than just an accelerator attached to a certain type of CPU.DPU, as a new kind of infrastructure resource, also brings challenges and opportunities for NFV. The coordination of Remote Direct Memory Access (RDMA) and DPU, together with related issues like object information model, multi-tenancy support, and bare-metal capability for DPU can be analyzed for making full use of this new infrastructure resource in NFV.
[bookmark: _Toc153869902]4.3.2	Satellite
With the advancement of aerospace technology and the decrease costs for satellite launch, satellite communication networks, especially the low-orbit satellite communication systems, have formed a good complement to terrestrial mobile cellular networks. As shown in figure 4.3.2-1 and table 4.3.2-1, satellites in different kind of orbit could perform different functions in communication. Compared with terrestrial mobile communication network, satellite communication network has the advantages that it provides wide coverage for sparsely populated area, is not restricted by radio base station terrain occlusion, and has stronger survivability in the event of natural disasters. However, satellite communication systems face challenges brought by its space characteristics such as long transmission distances between satellites and ground and the fast movement of low-orbit satellites with reference to the ground.
[image: A screenshot of a video game
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Figure 4.3.2-1: Different kinds of communication satellites: LEO, MEO, GEO
Table 4.3.2-1: Satellites for communications overview 
	
	Low Earth Orbit (LEO)
	Medium Earth Orbit (MEO)
	Geosynchronous Earth Orbit (GEO)

	Functions

	· High-speed broadband
· Internet access
· Telemetry
· Remote sensing
· Intl Space Stations
	· Navigation and positioning
· High-throughput satellites
· Fixed/Mobile communications
	· Navigation and positioning
· Meteorology
· Radio and Television
· Low-speed communications

	Distance
	300–2,000 km
	2000~35,785 km
	35,785.5 km

	Latency
	4 ms at 600 km
	66 ms at 10,000 km
	240 ms



According to 3GPP TS 23.501 [i.3], for some 5G deployments, some network functions (such as User Plane Function (UPF)) can be deployed on satellites. Satellite, as a new kind of network infrastructure for hosting these network functions, leads to specific characteristics such as infrastructure mobility and distribution to be analyzed in the present document.




[bookmark: _Toc22808958][bookmark: _Toc80633658][bookmark: _Toc145506820][bookmark: _Toc153869903]5	Use cases
[bookmark: _Toc22808959][bookmark: _Toc80633659][bookmark: _Toc145506821][bookmark: _Toc153869904]5.1	Overview
Editor’s Note: This clause will provide an introduction to the use cases. The purpose is to also categorize/group the use cases. It is expected that use cases could be considered regarding this topics:
-	Use cases about new locations of infrastructure rsources (e.g., data centers for non-terrestrial networks),
-	Use cases about new types of infrastructure resources (e.g., SmartNICs, metasurfaces),
-	Uses cases about new sources of infrastructure resources (e.g., Cloud hyper-scalers).
[bookmark: _Toc22808960][bookmark: _Toc80633660][bookmark: _Toc145506822][bookmark: _Toc153869905]5.x	Use case <A>: <use case name>
Editor’s Note: This clause now serves as a “pseudo-template” for the content required when adding use cases.
[bookmark: _Toc22808961][bookmark: _Toc80633661][bookmark: _Toc145506823][bookmark: _Toc153869906]5.x.1	Introduction
Editor’s Note: This clause should be used to provide an introduction description of the use case and explain the target and objectives.
[bookmark: _Toc22808962][bookmark: _Toc80633662][bookmark: _Toc145506824][bookmark: _Toc153869907]5.x.2	Actors and roles
Editor’s Note: This clause should describe the actors and roles involved in the use case.
Table 5.x.2-1 describes the use case actors and roles.
Table 5.x.2-1: <use case name> actors and roles
	#
	Actor and role
	Description

	
	
	



[bookmark: _Toc80633663][bookmark: _Toc145506825][bookmark: _Toc153869908]5.x.3	Trigger
Editor’s Note: This clause should describe the use case trigger.
Table 5.x.3-1 describes the use case trigger.
Table 5.x.3-1: <use case name> trigger
	Trigger
	Description

	
	



[bookmark: _Toc80633664][bookmark: _Toc145506826][bookmark: _Toc153869909]5.x.4	Pre-conditions
Editor’s Note: This clause should describe the use case pre-conditions.
Table 5.x.4-1 describes the use case pre-conditions.
Table 5.x.4-1: <use case name> pre-conditions
	#
	Pre-condition
	Description

	
	
	



[bookmark: _Toc80633665][bookmark: _Toc145506827][bookmark: _Toc153869910]5.x.5	Post-conditions
Editor’s Note: This clause should describe the use case post-conditions.
Table 5.x.5-1 describes the use case post-conditions.
Table 5.x.5-1: <use case name> post-conditions
	#
	Post-condition
	Description

	
	
	



[bookmark: _Toc502671382][bookmark: _Toc502671730][bookmark: _Toc502671893][bookmark: _Toc502674891][bookmark: _Toc502675057][bookmark: _Toc502922714][bookmark: _Toc502928297][bookmark: _Toc503364064][bookmark: _Toc503879039][bookmark: _Toc504119993][bookmark: _Toc504120409][bookmark: _Toc504133539][bookmark: _Toc80633666][bookmark: _Toc145506828][bookmark: _Toc153869911]5.x.6	Flow description
Editor’s Note: This clause should describe the use case flow.
Table 5.x.6-1 describes the use case flow.
Table 5.x.6-1: <use case name> flow description
	#
	Actor/Role
	Action/Description

	
	
	

	
	
	

	
	
	

	
	
	






[bookmark: _Toc80633667][bookmark: _Toc145506829][bookmark: _Toc22808964][bookmark: _Toc153869912]6	Key issue analysis
Editor’s Note: This clause will identify the key issues, expected to be derived from the use cases, but not only, related to various aspects of new NFVI.
[bookmark: _Toc80633668][bookmark: _Toc145506830][bookmark: _Toc153869913]6.1	Introduction
Editor’s Note: This clause will provide an introduction to the key issues. Tentatively, the key issues can also be grouped in categories as proposed in subsequent sub-clauses.

[bookmark: _Toc80633669][bookmark: _Toc145506831][bookmark: _Toc153869914]6.2	Key issues on resources heterogeneity
Editor’s Note: This clause will introduce and describe key issues related to resources heterogeneity.

[bookmark: _Toc80633670][bookmark: _Toc145506832][bookmark: _Toc153869915]6.3	Key issues on location, provision and distribution of resources
Editor’s Note: This clause will introduce and describe key issues related to location, provision and distribution of resources.

[bookmark: _Toc80633672][bookmark: _Toc145506833][bookmark: _Toc80633671][bookmark: _Toc153869916]6.4	Key issues on resources mobility
Editor’s Note: This clause will introduce and describe key issues related to resources mobility.




[bookmark: _Toc80633673][bookmark: _Toc145506834][bookmark: _Toc153869917]7	Framework and potential solutions
Editor’s Note: This clause will document potential solutions enhancing the NFV framework to support and address aspects related to the scope of the work item.
[bookmark: _Toc80633674][bookmark: _Toc145506835][bookmark: _Toc153869918]7.1	Introduction
Editor’s Note: This clause will provide an introduction to the framework and potential solutions that are developed in the report.

[bookmark: _Toc80633675][bookmark: _Toc145506836][bookmark: _Toc153869919]7.2	Potential solutions
[bookmark: _Toc80633676][bookmark: _Toc145506837][bookmark: _Toc153869920]7.2.1	Solution A: <solution name>
Editor’s Note: A baseline clause for a solution.

[bookmark: _Toc80633677][bookmark: _Toc145506838][bookmark: _Toc153869921]7.3	Evaluation of solutions
Editor’s Note: This clause will provide a comparative evaluation of the solutions to help derive specific recommendations for enhancements to the NFV framework.



[bookmark: _Toc80633678][bookmark: _Toc145506839][bookmark: _Toc153869922]8	Recommendations
[bookmark: _Toc22808965][bookmark: _Toc80633679]Editor’s Note: This clause will document recommendations for provisions related to various aspects of the NFV framework. The recommendations are expected to be derived based on the potential requirements identified from use cases (clause 5) and key issues descriptions (clause 6), as well as from the potential solutions documented in clause 7.
[bookmark: _Toc145506840][bookmark: _Toc153869923]8.1	Overview
Editor’s Note: This clause will provide some introductory description about the type of recommendations that are analysed in the present document.

[bookmark: _Toc22808966][bookmark: _Toc80633680][bookmark: _Toc145506841][bookmark: _Toc153869924]8.2	Recommendations related to the NFV architectural framework
Editor’s Note: This clause will provide recommendations for provisions related to the NFV architectural framework, potential new interactions among functional blocks, etc.

[bookmark: _Toc22808967][bookmark: _Toc80633681][bookmark: _Toc145506842][bookmark: _Toc153869925]8.3	Recommendations related to functional aspects
Editor’s Note: This clause will provide recommendations for provisions related to the NFV architectural framework, thus, identifying specific new or extended functionality of the NFV architectural framework functional blocks, etc.

[bookmark: _Toc22808968][bookmark: _Toc80633682][bookmark: _Toc145506843][bookmark: _Toc153869926]8.4	Recommendations related to NFV descriptors and other artifacts
Editor’s Note: This clause will provide recommendations for provisions related to the NFV descriptors and other artifacts.

[bookmark: _Toc22808969][bookmark: _Toc80633683][bookmark: _Toc145506844][bookmark: _Toc153869927]8.5	Recommendations related to interfaces and information model
Editor’s Note: This clause will provide recommendations for provisions related to interfaces and information model associated to interfaces.

[bookmark: _Toc22808970][bookmark: _Toc80633684][bookmark: _Toc145506845][bookmark: _Toc153869928]8.6	Other recommendations
Editor’s Note: The purpose is to collect additional recommendations for provisions that are not of any of the categories listed abo ve.



[bookmark: _Toc22808971][bookmark: _Toc80633685][bookmark: _Toc145506846][bookmark: _Toc153869929]9	Conclusion
Editor’s Note: The purpose of this clause is to provide concluding remarks once the GR draft is about to be completed.
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