ETSI GR NFV-IFA 046 V0.2.0 (2022-03)
11
Release 5
[bookmark: doctype][bookmark: pages12]Disclaimer
The present document has been produced and approved by the <long ISGname> (<short ISGname>) ETSI Industry Specification Group (ISG) and represents the views of those members who participated in this ISG.
It does not necessarily represent the views of the entire ETSI membership.
[bookmark: docnumber][bookmark: docversion][bookmark: docdate]ETSI GR NFV-IFA 046 V0.2.0 (2022-03)


GROUP REPORT
[bookmark: doctitle] Network Functions Virtualisation (NFV) Release 5;
 Architectural Framework;
 Report on NFV support for virtualization of RAN
<
[image: ETSI_BG_final_new]
This DRAFT is a working document of ETSI. It is provided for information only and is for future development work within ETSI. DRAFTS may be updated, deleted, replaced, or obsoleted by other documents at any time.
ETSI and/or its Members have no liability for any current or further use/implementation of the present DRAFT.
Do not use as reference material. 
Do not cite this document other than as "work in progress."
Any draft approved and PUBLISHED shall be obtained exclusively as a deliverables via the ETSI Standards search page at:
http://www.etsi.org/standards-search



[bookmark: page2]Reference
DGR/NFV-IFA046

Keywords
5G, RAN, ARCHITECTURE, NFV


[bookmark: ETSIinfo]ETSI
650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +33 4 92 94 42 00   Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association à but non lucratif enregistrée à la
Sous-préfecture de Grasse (06) N° 7803/88



Important notice
The present document can be downloaded from:
http://www.etsi.org/standards-search
The present document may be made available in electronic versions and/or in print. The content of any electronic and/or print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI deliverable is the one made publicly available in PDF format at www.etsi.org/deliver.
Users of the present document should be aware that the document may be subject to revision or change of status. Information on the current status of this and other ETSI documents is available at https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
[bookmark: mailto]If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx 
Copyright Notification
No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2020.
[bookmark: tbcopyright]All rights reserved.

DECTTM, PLUGTESTSTM, UMTSTM and the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3GPPTM and LTETM are trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
oneM2M™ logo is a trademark of ETSI registered for the benefit of its Members and
of the oneM2M Partners.
GSM® and the GSM logo are trademarks registered and owned by the GSM Association.


Contents
Intellectual Property Rights	5
Foreword	5
Modal verbs terminology	5
1	Scope	6
2	References	6
2.1	Normative references	6
2.2	Informative references	6
3	Definition of terms, symbols and abbreviations	10
3.1	Terms	10
3.2	Symbols	10
3.3	Abbreviations	10
4	Introduction and overview	11
4.1	Introduction to the virtualized RAN	11
4.1.1	Overview	11
4.1.2	The concept of RAN disaggregation and functional splits	11
4.1.3	Open and virtualized RAN	12
4.2	State of the art and other organizations landscape	13
4.2.1 	Overview of SDOs activities on vRAN	13
4.2.1.1	Introduction	13
4.2.1.2	ETSI NFV	13
4.2.1.3	3GPP	13
4.2.1.4	O-RAN Alliance (O-RAN)	13
4.2.1.5	Small Cell Forum (SCF)	14
4.2.1.6	CPRI Forum	14
4.2.1.7	IEEE	14
4.3	Characteristics of the virtualized RAN	14
4.3.1 	Reference architecture and functional splits in O-RAN	14
4.3.2 	Cloudification, management and orchestration	15
4.4 	Problem statement	15
5	NFV support for the virtualized RAN	16
5.1	Overview	16
5.1.1 Introduction	16
5.1.2	Terminology alignment	17
5.2	Key issues and potential solutions	18
5.2.1	Key Issue A: Architectural Mappings	18
5.2.1.1	Introduction	18
5.2.1.1.1	Overview	18
5.2.1.1.2	NFV-MANO with container management and multi-site connectivity support	18
5.2.1.1.3	O-RAN Orchestration related architecture elements	19
5.2.1.1.4	Challenges related to architectural elements mapping	20
5.2.1.2	Potential Solutions	21
5.2.1.2.1	Overview	21
5.2.1.2.2	Potential solution A1	21
5.2.1.2.3	Potential solution A2	22
5.2.1.3	Gap analysis	24
5.2.1.4	Evaluation and concluding remark	24
6	Recommendations	26
6.1	Overview	26
6.2	Recommendations related to the NFV architectural framework	26
6.3	Recommendations related to functional aspects	26
6.4	Recommendations related to NFV descriptors and other artefacts	26
6.5	Recommendations related to interfaces and information model	26
6.6	Recommendations related to cross organization collaboration	26
6.7	Other recommendations	26
7	Conclusion	27
Annex A: Virtualized RAN Use Cases	28
A.1	Introduction	28
A.2	Use cases from O-RAN WG1	28
A.3	Use cases from O-RAN WG6	34
Annex B: Title of annex	39
B.1	First clause of the annex	39
B.1.1	First subdivided clause of the annex	39
Annex: Bibliography	40
Annex : Change History	41
History	42



[bookmark: _Toc455504134][bookmark: _Toc481503672][bookmark: _Toc99484956]Intellectual Property Rights
Essential patents 
IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web server (https://ipr.etsi.org).
Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web server) which are, or may be, or may become, essential to the present document.
Trademarks
The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.
[bookmark: _Toc455504135][bookmark: _Toc481503673][bookmark: _Toc99484957]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: _Toc99484958]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: _Toc99484959]1	Scope
The present document studies the advances concerning the virtualization of the RAN and profiles the NFV framework to determine how it can support virtualized RAN (vRAN) use cases. 
Several key technical challenges are identified relevant to architectural, operational and management aspects, in case the NFV architectural framework is leveraged to support the virtualization of the RAN. For each technical challenge a detailed analysis is provided, together with a description of potential solutions. Potential gaps in the ETSI NFV specifications are articulated and a comparison between the different potential solutions is also accommodated.  
In addition, an analysis of vRAN use cases from relevant specifications from other SDOs is performed, together with a mapping to the current NFV concepts supported by the NFV architectural framework. 
The present document also provides recommendations for enhancements to the NFV architectural framework and its functionality, aiming to provide further support for vRAN use cases.
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[bookmark: _Toc451532926][bookmark: _Toc99484964]3.1	Terms
For the purposes of the present document, the terms given in ETSI GS 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 GS NFV 003 [i.1].

[bookmark: _Toc455504145][bookmark: _Toc481503683][bookmark: _Toc99484965]3.2	Symbols
For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

[bookmark: _Toc455504146][bookmark: _Toc481503684][bookmark: _Toc99484966]3.3	Abbreviations
For the purposes of the present document, the [following] abbreviations given in ETSI GS NFV 003 [i.1]  and the following apply:
5GS	5G System
5GCN	5G Core Network
AMF	Access and Mobility Management Function
CN	Core Network
CU	Centralized Unit
DU	Distributed Unit
RAN	Radio Access Network
RIC	RAN Intelligent Controller
RU	Radio Unit
SMO	Service Management and Orchestration
UPF	User Plane Function
[bookmark: _Toc455504147][bookmark: _Toc481503685][bookmark: _Toc99484967]4	Introduction and overview
[bookmark: _Toc455504148][bookmark: _Toc481503686][bookmark: _Toc99484968]4.1	Introduction to the virtualized RAN 
[bookmark: _Toc99484969][bookmark: _Toc87020040][bookmark: _Toc87020193]4.1.1	Overview
The 5G system (5GS) was designed to satisfy stringent requirements by means of several KPIs like throughput, delay, and reliability in challenging use cases, as originally described by NGMN in “NGMN 5G White Paper” [i.2] and ITU IMT 2020 specifications (like in [i.3]), but also beyond. It greatly evolves both the packet core and the Radio Access Network (RAN) of the previous generation mobile network, where compared to the 4G design, several key technological innovations were introduced. These span from control-user plane decoupling and migrating the packet core to a Service Based Architecture (SBA), to the introduction of the 5G New Radio (NR) and the Next Generation-RAN (NG-RAN). 5G NR develops under the 3GPP RAN TSG and mainly targets outperforming spectrum efficiency and high frequency band utilization. It is considered as an umbrella term though, covering for example the radio interface, radio spectrum usage and massive MIMO technology. NG-RAN is the term used to refer to RAN architectural related aspects, as defined in 3GPP TS 23.501 [i.4]. 
The present document investigates the advances concerning the virtualization of the RAN and profiles the NFV framework to determine how it can support virtualized RAN (vRAN) use cases. First, the basic concepts and terminology used are introduced, based on the major SDOs’ and industrial fora activities that are driving the transformation of the RAN into an open, disaggregated, and virtualized system.  
[bookmark: _Toc99484970]4.1.2	The concept of RAN disaggregation and functional splits
In a monolithic design, a single integrated base station (either 4G eNB, 5G ng-eNB or a gNB) provides the full set of RAN control and user plane functionalities that enable user equipment (UE) access to the mobile network. These functionalities span from the management of radio resources, control plan signalling (e.g., UE handover), data packet transportation, baseband processing (e.g., channel coding, modulation), to the radio frequency (RF) part for single/multi-antenna transmission/reception. 
Following a basic disaggregation model, a monolithic base station is decomposed into two parts: (1) Remote Radio Heads (RRHs) which include the RF part, the power amplifier and the analog-to digital or digital-to-analog converter being mounted externally and co-located with the antenna, and (2) Base Band Units (BBUs) located in a centralized pool being responsible for the baseband processing. The link connecting a BBU and a RRH is known as fronthaul, and CPRI [i.5] is the standardized interface used for the BBU to RRH communication. This disaggregation model is also known as Cloud-RAN. Although Cloud-RAN heralds an evolving change, its extreme need for bandwidth on the fronthaul makes the wide adoption difficult towards 5G, especially for challenging URLLC use cases. In this regard, the functional split concept was introduced to relocate RAN functions between BBUs and RRHs. Main SDOs working on the topic are 3GPP, O-RAN Alliance, Small Cell Forum and CPRI [i.5]. Note that different standardization bodies are using their individual terminologies to articulate the concept of functional split. To avoid confusion in this study, the terminology used by 3GPP (primarily) and O-RAN (when necessary) are followed. 
In Figure 4.1.2-1, a high-level view of the NG-RAN architecture is depicted presenting the different functional components and relevant interfaces. In 3GPP TR 38.801 [i.6] the 5G RAN functions and the functional splits concept have been initially described. Detailed specification of the NG-RAN architecture and the different components for 5G are in 3GPP TS 38.300 [i.7] and 3GPP TS 38.401 [i.8]. The idea is that a single 5G gNB can be decomposed into a Centralized Unit (CU) and Distributed Units (DUs), to flexibly deploy RAN functionalities over different sites. Depending on the split, different functionality is allocated to DUs and CUs. Splits 1 to 5 consider functionality reallocation above the MAC and have been considered as High Layer Splits (HLS). Splits 6 to 8 are relevant to different splitting options below MAC and are considered as Low Layer Splits (LLS). Split option 8 is the one that was used in the case of “legacy” BBU - RRH decoupling followed by Cloud-RAN. In principle a DU hosts RAN functions between LLS and HLS and aggregates multiple RUs, and a CU hosts all RAN functions above HLS and aggregates several DUs. F1 interface is used for the communication between a CU and a DU according to 3GPP TS 38.470 [i.9]. RU is responsible for Low-PHY and RF processing, like D/A and digital beamforming. 
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[bookmark: _Hlk89696955]Figure 4.1.2-1 NG-RAN architecture according to 3GPP TS 38.401[i.8] and 3GPP TR 38.801 [i.6].
Editor’s note: to include more information about the functional splits concept in an informative Annex, to enhance readability.
3GPP also splits CU functionality into control plane (CU-CP) and user plane (CU-UP) functions, where E1 is the interface between them specified in 3GPP TS 38.460 [i.10]. Communication between NG-RAN and 5GCN is realized over the NG interface according to 3GPP TS 38.410 [i.11]. On the user plane, GTP-U based communication is used between NG-RAN node (CU or gNB or ng-eNB) and the UPF residing in 5GCN (N3 interface). On the control plane, communication is over the (NG-C) interface defined between the NG-RAN node and AMF residing in the 5GCN (N2 interface). NG interface is following the point-to-point model and is not part of SBA. Xn is the interface between CUs or between CUs and integrated gNBs. For the transport network part, as shown in Figure 4.1.2-1 fronthaul link is the link between a DU and a RU, midhaul the link between a DU and a CU and backhaul the link between a CU and 5GCN. In the case of Cloud-RAN (split 8), fronthaul is used to denote the link between BBU and RRH and backhaul the link BBU to 5GCN; there is no midhaul link.
[bookmark: _Toc99484971]4.1.3	Open and virtualized RAN 
Besides achieving performance related KPIs, another key goal of 5G is to provide substantial deployment flexibility. Such goal has been achieved in the core network, via decomposing the EPC system into several control/user plane 5GCN network functions (NFs) and by leveraging softwarization technologies, such as Network Function Virtualization (NFV) and Software Defined Networking (SDN). 5GCN network functions can be exposed as Virtual Network Functions (VNFs) and the full benefits of adopting NFV-MANO can be exploited. From the 3GPP perspective, the concept is described for 4G core in 3GPP TR 32.842 [i.12] and for 5GCN in 3GPP TR 23.742 [i.14], where the relationship and mapping between 3GPP defined NFs and ETSI NFV defined VNFs is also investigated.  
RAN softwarization is about running the RAN protocol stack in software and exploiting the microservices concept for RAN NFs. Virtualization of the RAN is about running the software on top of a virtual substrate on top of off-the-self hardware. Although 5GCN offers the foundation over which the NFV concept can be demonstrated and the NFV-MANO can be applied in the mobile network, the idea of disaggregating, softwarizing and virtualizing the RAN (although not new), only recently has been endorsed by the industry. The reason is that unlike the functional decomposition in the core network, several inherent challenges exist for the RAN towards full softwarization and virtualization, such as stringent time-critical function placement (e.g., hybrid automatic repeat request) and compute intensive operations (e.g., channel decoder). 
Different SDOs are trying to delineate the concept, derive deployment models and standardize the relevant interfaces that will enable control, management, and orchestration of the virtualized RAN. However currently the Technology Readiness Level (TRL) is still rather low. Many technical challenges are still to be met before we can precisely articulate all the functionalities around a vRAN ecosystem and eventually delineate NFV aware RAN implementations.

[bookmark: _Toc99484972]4.2	State of the art and other organizations landscape
[bookmark: _Toc87020043][bookmark: _Toc87020197][bookmark: _Toc99484973]4.2.1 Overview of SDOs activities on vRAN
[bookmark: _Toc99484974]4.2.1.1	Introduction
Main SDOs working on the topic are 3GPP, O-RAN Alliance and Small Cell Forum which derive specifications covering interface and architectural aspects. Telecom Infra Project (TIP) is an industrial community with the goal of accelerating the adoption of an open virtualized RAN; ONF is focusing on the RAN control aspects but also on the SDN-based transport network; CPRI Forum and IEEE 1914 (NGFI) work is on the fronthaul network. 
In the following, key standards and reports are summarized, which will serve as a baseline for the present document study. Although the baseline functional splits have been defined by 3GPP, the discussion is still open and other organizations like O-RAN have also made proposals and recommendations. As the topics handled by these organizations are highly complex, in the following a synopsis is provided and is not to be considered as an exhaustive investigation.  
Editor’s note: to include more information about the functional splits concept in an informative Annex, to enhance readability. Add a pointer to this Annex when available.
[bookmark: _Toc99484975]4.2.1.2	ETSI NFV
A study regarding NFV support for 5G networks is presented in ETSI GR NFV-IFA 037 [i.15]. Although this study is not investigating NG-RAN related issues, nevertheless a set of key challenges and derived requirements are analysed for enabling NFV at large, and NFV-MANO in particular, for 5G NFs. Use cases and deployment scenarios considering NFV-MANO support for low latency services are presented in ETSI GR NFV-EVE017 [i.16]. The following ETSI NFV-IFA 001 [i.17], ETSI GS NFV-IFA 002 [i.18], ETSI GS NFV-IFA 004 [i.19] (for release 2) and ETSI GS NFV-IFA 018 [i.20], ETSI GS NFV-IFA 019 [i.21] (for release 3) are covering aspects related to acceleration abstraction layer and acceleration resource management interfaces.
[bookmark: _Toc99484976]4.2.1.3	3GPP 
The overall 5GS is described in 3GPP TS23.501 [i.4], NG-RAN architecture and the different components are detailed in 3GPP TS 38.300 [i.7] and 3GPP TS 38.401 [i.8]. Network Resource Models (NRM) according to SA5 for NG-RAN are presented in 3GPP TS 28.541 [i.22] (stage 2 and stage 3). Management of converged networks and networks that include virtualized network functions using agent-manager paradigm is in 3GPP TS 28.622 [i.13]. From the 3GPP perspective, the concept of enabling NFV-MANO is described for 4G in 3GPP TR 32.842 [i.12] and for 5G in 3GPP TR 23.742 [i.14], where the relationship and mapping between 3GPP defined NFs and ETSI NFV defined VNFs is also considered. In 3GPP TR 32.864 [i.23] management aspects of virtualized network functions that are part of the NR are described. In more detail 3GPP TR 32.864 [i.23] demonstrates possible solutions to expose as VNFs the virtualized parts of a 5G base station (i.e., gNB) and describes the relevant NFV-MANO-side technical aspects like NSDs instantiation and adding VNFFGD for the gNB. Although it can serve as a baseline for the present document, is not aligned with latest standardization activities in bodies like O-RAN Alliance. 
[bookmark: _Toc99484977]4.2.1.4	O-RAN Alliance (O-RAN) 
O-RAN was founded in 2018 with the goal of delineating open virtualized RAN, and by driving the development of the relevant interfaces’ specifications and system design aspects. O-RAN specifications are aligned with 3GPP work, but also go beyond by nominating new paradigms like AI-based RAN Intelligent Controller (RIC),  Service Management and Orchestration (SMO) and the Acceleration Abstraction Layer (AAL) for the RAN. In O-RAN standardization work is split among ten WGs, each with a concrete mission. Regarding NG-RAN functional splits, O-RAN endorsed split 2 between DU and CU and splits 7.2 and 8 between DU and RU. In principle split 7.2 allocates High PHY to DU and Low PHY to RU, where two variations have been further specified splits 7.2.a and 7.2.b depending on where precoding is supported (in cat. A precoding is supported in DU, in cat. B precoding is supported in RU). Open Fronthaul Interface is the topic of O-RAN WG4, which is of relevance for connectivity and transport network related aspects. While all the WG activities are relevant for the goals of the present document study, focus is given on the work delivered by WG1 (use cases and overall architecture), WG6 (cloudification and orchestration) and WG10 (Operation and Maintenance).
[bookmark: _Toc99484978]4.2.1.5	Small Cell Forum (SCF) 
Several use cases and functional splits deployment scenarios have been described by SCF in SCF159 [i.24]. In SCF222 [i.25], the FAPI interface for 5G between the MAC and the PHY is defined. According to SCF222 [i.25] MAC, PHY and RF both reside on the DU, while higher layers (i.e., RLC, PDCP, SDAP, RRC) reside on the cloudified CU. FAPI is the internal interface that enables MAC-PHY communication and configuration of the PHY. In case MAC layer and PHY are physically decoupled (split 6 according to 3GPP), the reference interface is the 5G Network FAPI (nFAPI), which is considered a wrapper over FAPI, enabling communication over the network. nFAPI is defined in SFC 225 [i.26] and can be used for the MAC-PHY communication either HLS is used or not (CU and DU are separated or not), where in both cases the RU hosts the PHY and the RF. 
[bookmark: _Toc99484979]4.2.1.6	CPRI Forum 
CPRI Forum [i.5] specifies CPRI and eCPRI protocols, which have been the de-facto fronthaul protocols, where eCPRI [i.5] demonstrates increased efficiency by means of bandwidth requirements, it is Ethernet-based and is the successor of CPRI for 5G communications. 
[bookmark: _Toc99484980]4.2.1.7	IEEE 
IEEE 1914.1 [i.27] specifies the interfaces used under the Next Generation fronthaul interface (NGFI), as NGFI-I between DU and RU and NGFI-II between gNB-DU and gNB-CU (similarly to F1).
[bookmark: _Toc99484981][bookmark: _Toc80618965]4.3	Characteristics of the virtualized RAN 
[bookmark: _Toc87020045][bookmark: _Toc87020199][bookmark: _Toc99484982][bookmark: ScopeOfWork]4.3.1 Reference architecture and functional splits in O-RAN
In O-RAN WG1 “O-RAN Architecture Description” [i.28] the ORAN architecture is presented, while ORAN WG8 AAD [i.29] details the functionality and APIs specification of O-DU and O-CUs. The O-RAN architecture is depicted in Figure 4.3.1-1 as defined in O-RAN WG1 “O-RAN Architecture Description” [i.28].
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[bookmark: _Ref87007334]Figure 4.3.1-1: O-RAN logical architecture [i.28].
Editor’s Note: this figure and the relevant descriptions will be updated if there is any update on the O-RAN architecture.
The basic elements of the O-RAN architecture and interfaces are described in O-RAN WG1 “O-RAN Architecture Description” [i.28] and are summarized as follows:
· SMO: A Service Management and Orchestration system.
· Non-RT RIC (Non-Real-Time RAN Intelligent Controller): A logical function within SMO. It is comprised of the Non-RT RIC Framework and the Non-RT RIC Applications (rApps).
· Non-RT RIC Framework: logically terminates the A1 interface to the Near-RT RIC and exposes to rApps, via its R1 interface, the set of internal SMO services needed for their runtime processing. The Non-RT RIC Framework functionality provides AI/ML workflow including model training, inference and updates needed for rApps.
· rApps: Modular applications that leverage the functionality exposed via the Non-RT RIC Framework.
· Near-RT RIC (Near-Real-Time RAN Intelligent Controller): A logical function that enables near-real-time control and optimization of RAN elements and resources. It can include AI/ML workflow including model training, inference and updates.
· xApp: An application designed to run on the near-RT RIC. 
· O-Cloud: a cloud computing platform comprising a collection of physical infrastructure nodes that meet O-RAN requirements to host the relevant O-RAN functions, the supporting software components and the appropriate management and orchestration functions.
In addition to standard 3GPP interfaces (like Xn, NG, etc.) the following interfaces have been specified in the O-RAN architecture:
· O1: between SMO framework and O-RAN managed elements.
· O2: between SMO framework and the O-Cloud. 
· A1: between Near-RT RIC and Non-RT RIC.
· Open FH M-Plane: Management interface controlling the O-RU, driven from the O-DU or for hybrid topology driven from the SMO.
· E2: between Near-RT RIC and different RAN elements.
· R1: SMO northbound towards rApps.
[bookmark: _Toc87020046][bookmark: _Toc87020200][bookmark: _Toc99484983]4.3.2 Cloudification, management and orchestration
Depending on the deployment scenario O-Cloud considers functionality distribution in cell sites (O-RUs), edge cloud (e.g., O-DUs), and regional clouds (e.g., O-CUs and Near-RT RIC). The case of O-DU deployment also in the cell site has also been foreseen. While O-RU is foreseen to be exposed as a PNF, O-Cloud is expected to host both O-DU and O-CU as VNFs. O-Cloud offers the following basic services, which are exposed to SMO through the O2 interface (see O-RAN WG6 CAD [i.30] and O-RAN O2 GAP [i.31]):
· Infrastructure Management Services (IMS): responsible for deploying and managing cloud infrastructure. For example, manages resource pools and transport network. 
· Deployment Management Services (DMS): responsible for managing the lifecycle of virtualized/containerized deployments on the cloud infrastructure.
Hardware or software-based acceleration is a key component for satisfying the extreme need for low latency operations required for example in a DU. Hardware acceleration abstraction layer (AAL) on the cloud platform is under development to enable a vendor-agnostic and technology-agnostic (e.g., GPUs, FPGA, SmartNICs) communication between the implementation and NFs, through a AAL API. Technical aspects to RAN cloudification and VNF exposure will be analyzed in detail in the following clauses. 
[bookmark: _Toc87020047][bookmark: _Toc87020201][bookmark: _Toc99484984][bookmark: _Hlk88844734]4.4 Problem statement  
As specified in ETSI GS NFV-IFA 010 [i.32], NFV-MANO supports the definition of Network Services (NS), composed by both Physical Network Functions (PNFs) and VNFs implemented across multivendor environments. Although in the 5GCN the decision to implement a NF as a VNF or a PNF is rather straightforward in the case of vRAN a multifaceted analysis is considered, especially under the light of partial virtualization. 
For example, it is foreseen that offloading a NF to hardware (or software) accelerators, will be essential when virtualizing O-DUs but not necessary for O-CUs. Inside the O-DU partial virtualization can be exploited where for example decoding is offloaded to an accelerator, while other functionalities like modulation/demodulation can be executed without hardware support. On the one hand, in a NFV-MANO-controlled RAN environment, RAN VNFs are expected to be optimally controlled following NFV-MANO procedures and descriptors like use of NSDs, VNF onboarding, NS and VNF LCM, licensing etc. On the other hand, isolation by means of performance, management and operations of the non-virtualised RAN NFs is expected to be also guaranteed. Relevant to RAN infrastructure management (computing, networking, storage), the virtual substrate can be hypervisor-based, or container based; and in the present document both are considered. 
Past rich experience with ETSI NFV defined NFV-MANO deployments, could offer a remedy to several challenges related to RAN virtualization and orchestration complexity, but also to issues like fault, performance, and policy management. However, as the implications of RAN softwarization and virtualization are not yet clearly understood, the present document aims to identify key technical challenges and provide possible recommendations towards exposing, controlling, and managing RAN NF as VNFs and avoid confounding when ETSI NFV architectural framework is applied in the RAN. In more detail, the present document is about:
· Investigating the advances concerning the virtualization of RAN and profiling the NFV architectural framework to determine the level of support it can offer to vRAN use cases.  
· Analyzing possible mapping solutions of the NFV architectural framework to the O-RAN architecture and the different functional blocks like SMO and O-Cloud.
· Analyzing NFV-MANO indispensable constitutes that will enable deployment, operation and management of container and hypervisor-based virtualization layer for the RAN.
· Investigate the RAN VNF networking which enables communication between RAN VNF, PNFs, and communication with external entities. Transport connectivity is related to all fronthaul, midhaul, backhaul networking, considering potential WIM involvement.
· Provide an analysis of potential enhancements to NFV-MANO concerning capabilities, such as acceleration, platform capabilities (synchronization, real-time, etc.) and automation.
In vRAN many aspects of NFVI provisioning and HW/SW management, are expected to be affected in consideration of vRAN deployment characteristics. For example, small but highly distributed site deployments have a huge impact on the network design. Depending on the deployment scenario FAPI or nFAPI could be exploited, affecting also the overall VNF design and requirements by means of connection points (CP), service access points (SAP) and acceleration layer. Issues like RAN virtualization, hardware acceleration, time synchronization, RAN VNF OAM, automation and auto scaling, high availability, are within the scope of the present document and will be further analyzed providing recommendations when and if necessary. However, topics relevant to pure NR and NG-RAN aspects like tradeoffs between different functional splits, spectrum management, mobility management, etc. are out of scope of the present document.


[bookmark: _Toc80618967][bookmark: _Toc99484985]5	NFV support for the virtualized RAN
[bookmark: _Toc80618968][bookmark: _Toc99484986]5.1	Overview
[bookmark: _Toc99484987]5.1.1 Introduction
Several deployment scenarios have been considered by O-RAN in O-RAN-WG6-CAD [i.30] like deployment of NFs either as VNFs or PNFs and deployment of NFs in regional, edge or remote clouds. In the present document, it is assumed that O-CU, O-DU and Near RT-RIC can be exposed as VNFs, and O-RU is realized as a PNF. It is also assumed that the transport network (backhaul, midhaul, fronthaul) are the transport network constituents which provide the intended connectivity over local or distributed NFVI-PoPs/sites, which in terms of O-RAN would correspond to O-Cloud sites. 
According to the use cases analysis provided in Annex A, when building an NFV-MANO VNF aware disaggregated vRAN ecosystem, the following challenges are expected to be addressed:
Architecture mapping: This concerns to profiling the NFV-MANO architectural framework to O-RAN architecture (e.g., consider NFVO as part of the SMO, VIM/CISM as part of O-Cloud, VNFM as part of the SMO). See also use cases 7,19, 20 in Annex A.2 and use cases 1, 7 and 11 in Annex A.3. In addition, the role of EM as defined in NFV-MANO is not clear in O-RAN (see also use case 3 in Annex A2 and use case 14 in Annex A3). When it comes to architectural mappings, another consideration is related to the concepts and terminology, VNF naming and identification between SMO/O-Cloud and NFV-MANO, so that same resource and deployment management views for both VIM/CISM and NFVI/CISI can be determined. 
Transport network management: Requirements are about preserving IP addressing or FQDN for moving VNFs, for example by building a local network inside a moving vehicle (see use case 3 in Annex A2). Transport network slicing relationship with NFV-MANO’s WIM has not been investigated enough (see use cases 8, 9, 10 in Annex A2). In addition, transport network demarcation points management is an open issue, like also support new paradigms like XHAUL have not been considered by NFV-MANO.
Time synchronization: Network configuration and management of time synchronization , to support distributed decision making (see use cases 11 and 17 in Annex A2). 
NFVI management: Hardware resources operating in the O-Cloud are subject to SMO and IMS control (see use cases 2 to 6 and 15,16 in Annex 3. See use cases 17,18,19 in Annex 3 regarding NFVI fault management). In principle this is not the case in ETSI NFV specifications regarding NFVI control, however some level of resource control is made through CIS Cluster Management (CCM) for containerized systems (ETSI NFV IFA036 [i.52]).
NFV support for near-RT RIC and xApps: Supporting near-RT RIC functionality when near-RT RIC is exposed as a VNF imposes several challenges such as partial VNF packaging, granular VNFC LCM, CRD and API aggregation for containerized solutions (see use cases 12 and 13 in Annex 3).
In addition to the analysis provided in Annex A, although not explicitly nominated in the use cases provided, the following key challenges have been also identified: 
· Exposing VNFs with hardware acceleration support: virtualizing the O-CU and exposing as a VNF is rather straightforward (considering additional features like accelerating I/O data transfers). However, this is not the case for O-DU where demanding High-PHY processing imposes additional challenges, thus hardware or software acceleration for compute-intensive processing is expected to fulfil vRAN deployments. Since O-DU (but also could be for O-CU) performance relies on acceleration support, relevant work in NFV-MANO is expected to be reconsidered in the light of new O-RAN AAL interface specification and AAL management activities in WG6.
· Automation, policy management: Another substantial dimension to consider is about network automation and policy procedures. ETSI GR NFV-IFA 023 [i.42], ETSI GR NFV-IFA 041 [i.57] and ETSI GR NFV-IFA 042 [i.43] are making an initial endeavour for delineating autonomous management and policy management, respectively, in the context of ETSI NFV ecosystem. However, as these topics are highly complex and inherently embedded in the O-RAN logical functions like the SMO and both the non-near-RT and near-RT RIC, still the way and the level these solutions can be leveraged by O-RAN is not comprehensible. Note that besides ETSI NFV activities, other SDOs like ETSI ZSM, ETSI ENI and 3GPP-SA5 are also working on these topics, however no single standardized and/or open-source solution is applied to all domains, the demarcation points of interoperability of the different frameworks is unclear.
Important additional challenges to further elucidate are the following. Although ETSI NFV-MANO has considered multiple aspects related to reliability, these is no standardized interface that could enable actions like VNF migration. Also enabling a way to perform load balancing and dynamic associations over pools of hybrid VIM and CISM based solutions is an open discussion. As these challenges are not relevant to compulsory operations when considering NFV-MANO applicability in O-RAN, these will not be further analysed.
[bookmark: _Toc99484988]5.1.2	Terminology alignment
Although the concepts of virtualization and application exposure as VNFs embraced by both ETSI NFV and O-RAN are in principle the same, table 5.2-1 provides a mapping of terms and concepts.
Table 5.1.2-1: Terminology mapping
	O-RAN
	NFV-MANO

	Workload
	VNF (VM-based or containerized), PNF

	O-RAN Network Function (logical Node)
	Application hosted by a VNF or PNF

	NF Deployment
	VNF instance

	Deployment Descriptor
	VNFD (for VNF), NSD (for NS)

	O-Cloud Instance
	NFVI, VIM, CISM. See note.

	O-Cloud Node or O-Cloud Compute Node (e.g., server)
	NFVI Node

	NOTE:	Concrete mapping depend on the architectural mapping. See key issue XXX described in clause X.Y.Z for further analysis.
Editors’ Note: update the references to the key issue and clause once those are documented.


The terminology mapping sets the baseline for all the key issues analysis. Depending on the architectural mapping, variations might arise, like for example which NFV FBs are covered by a O-Cloud Instance.
[bookmark: _Toc79509394][bookmark: _Toc80618969][bookmark: _Toc99484989]5.2	Key issues and potential solutions
[bookmark: _Toc79509395][bookmark: _Toc80618970][bookmark: _Toc99484990]5.2.1	Key Issue A: Architectural Mappings
[bookmark: _Toc79509396][bookmark: _Toc80618971][bookmark: _Toc99484991]5.2.1.1	Introduction
[bookmark: _Toc99484992]5.2.1.1.1	Overview
This key issue is about mapping of the different NFV-MANO functional blocks (FBs) and logical functions to the O-RAN architectural elements. Mapping of the different elements will also facilitate the assessment regarding the relationship of NFV-MANO reference points and interfaces specifications with O-RAN interfaces like O1 and O2.
[bookmark: _Toc99484993]5.2.1.1.2	NFV-MANO with container management and multi-site connectivity support
The NFV-MANO architectural framework is specified in ETSI GS NFV 006 [i.62], where the functionality of the NFV-MANO functional blocks (FBs) is described together with the relevant reference points used for the communication between them. With the goal to better exploit both container-based and VM-based virtualization capabilities and support containerized VNFs, additional functional elements have been specified and incorporated as the NFV-MANO architecture.
Editor’s Note: currently, there is no Release 4 version of the ETSI GS NFV 006 [i.62] that can be referred. Functions related to container and CIS cluster management have been either specified in the IFA010 or are currently work in progress. The references above should be revisited before completing the present GR draft.
In Figure 5.2.1.1.2-1 a high-level representation is depicted according to ETSI NFV Release 4 developments related to container management and orchestration (e.g., ETSI GR NFV-IFA 029 [i.49], ETSI GS NFV-IFA 036 [i.52], ETSI GS NFV-IFA 040 [i.63]) and to ETSI NFV Release 3 activities related to multi-domain network service management and multi-site connectivity services (ETSI GS NFV-IFA 030 [i.36], ETSI GS NFV-IFA 032 [i.35]). 
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Figure 5.2.1.1.2-1: NFV-MANO architectural representation including Release 4 features
NOTE:	Figure 5.2.1.1.2-1 is a representation of the NFV-MANO architectural framework including Release 3 and 4 related functional blocks and function following the general understanding of interactions between existing NFV-MANO functional blocks and of features sourcing such new functions. ETSI GS NFV 006 is not the source of such figure, because at the time of developing the present document, a Release 4 version is not available yet.
The Container Infrastructure Service (CIS) is the execution environment for the container cluster where the container-based services run; Container Infrastructure Service Management (CISM) is responsible for the management of containerized workloads executed by CIS; and CIS Cluster Management (CCM) is responsible for management of CIS clusters. Container Image Registry (CIR) is responsible container image management. From the management perspective note that these are logical functions integrated in the NFV-MANO architecture and are not introducing new FBs. The WIM which is used for the management of the connectivity between different NFVI-PoPs. The architecture depicted in Figure 5.2.1.1.2-1 will be the one used for the mapping with the different elements which constitute the O-RAN architecture. 
[bookmark: _Toc99484994]5.2.1.1.3	O-RAN Orchestration related architecture elements
The overall O-RAN reference architecture has been introduced in ORAN-WG1 “O-RAN Architecture Description” [i.28] and a high-level description has been provided in clause 4.3.1. For the ease of understanding, in the following the main functionality and the internal structure and operations of O-Cloud and SMO are briefly summarized, as these are the indispensable components for the architectural mapping with NFV-MANO.
In O-RAN an O-Cloud denotes a set of cloud resources (physical and virtual systems and networks), over which physical and virtualized Network Functions (e.g. O-DU, O-CU) can be deployed and operate. O-Cloud is responsible to provide several services for both the platform and the NF deployments like life cycle management support (e.g., upgrade, scaling, healing), software management, FCAPS operations (e.g., FM, PM) and inventory services. In O-Cloud, IMS is the entity which is responsible for the cloud platform related operations and DMS is the entity responsible for the NF deployments related operations. An O-cloud hosts one IMS and multiple DMSs, while DMSs are created by the IMS. See O-RAN WG6-O2 GA&P [i.31] for a detailed discussion.
O-RAN SMO is the entity used for the orchestration, management, and control of all O-Clouds (platform and deployments) and the instantiated O-RAN NFs of the vRAN system. Inside the SMO the Network Function Orchestration (NFO) is defined as the set the logical services for managing NF deployments and the Federated O-Cloud Orchestration and Management (FOCOM) are the logical services provided for the orchestration of the O-Cloud platforms. SMO terminates the O2 interface which is composed of O2ims and O2dms parts. The O-Cloud terminates on the other end. O2ims interface is used for the O-Cloud platform management and terminates inside the SMO in FOCOM; O2dms is used for the management of the NF deployments and terminates inside the SMO in NFO. A single SMO entity can manage multiple O-Clouds. See O-RAN WG6-O2 GA&P [i.31] for a detailed discussion.
The functional decomposition inside SMO is still not standardized and no standard interfaces currently are defined for the communication between the different SMO components. Communication between the different components (e.g. between FOCOM and Non-RT RIC) are considered implementation specific. An SMO is also responsible for hosting/providing several additional key services like it terminates O1 interface, and also hosts Non-RT RIC running multi-vendor rApps (e.g. Network optimization, network automation). Additional SMO functionality is related to functions which enable network slicing support for the vRAN.
[bookmark: _Toc99484995]5.2.1.1.4	Challenges related to architectural elements mapping
The technical functionalities about cloudification and orchestration between NFV-MANO and O-RAN are very similar. However, in case NFV-MANO is applied to cover the relevant aspects of O-RAN architecture, the demarcation points between orchestration, VNF management and cloud resources management are not yet defined. The reason is mainly the SMO’s internal complex structure like also the fact that both the SMO and O-Cloud provide a rich set of functionalities potentially embracing more than one FB’s capabilities.    
For this key issue the following challenges are identified:
SMO and O-Cloud boundaries in respect to the NFV-MANO model are not well defined. Although some NFV-MANO FBs can be directly mapped to O-RAN elements (like NFVO can be directly mapped to be part of the SMO and VIM to be part of the O-Cloud) this is not the case for the logical placement of FBs like the VNFM. 
It is not well defined to which NFV-MANO FBs and operations, O-Cloud resources and deployment management services (i.e., IMS and DMS) are mapped. For example, an O-Cloud might have its own specific O2dms service API profile(s). 
Furthermore, OSS functionality could be also part of the SMO. For example, rApps are considered part of SMO but can be mapped to OSS operations which are outside the NFV-MANO scope. In addition, the SMO operates on top of a multi-cloud federation; thus, mapping to multi-domain NFV-MANO is expected to be further elaborated.
Clarification points
Non-RT RIC like also the associated rApps, are not defined to be part of NFV-MANO’s scope. rApps re-assemble the properties of OSS applications and they reside inside the SMO, which is not however the case in NFV-MANO, where OSS and NFV-MANO have a clear separation of responsibilities and a standardize interface defined for their communication (ETSI GS NFV-IFA 013 [i.64]). NFV-MANO policies related functions like PAP and PFs as defined in ETSI GR NFV-IFA 023 [i.42] and the management data analytics (MDA) studied in ETSI GR NFV-IFA 041 [i.57] are relevant by means of Non-RT RIC functionality. However, as there is no NFV-MANO FB or function that can be directly mapped to the Non-RT RIC, this discussion is rather out of scope of the present document. 
O1 termination inside SMO is related to VNF config management investigated by ETSI GR NFV-EVE 019 [i-34] and ETSI GR NFV-EVE 022 [i.59].  This is relevant to EM functionality and the interactions with ETSI NFV-MANO through defined interfaces; however, EM detailed functionality and mapping to O-RAN elements is rather out of scope of the present document.
Near-RT RIC is one key component of the O-RAN architecture but is not mappable to any ETSI-MANO FB or function. Similarly, to the Non-RT RIC there is some relevance to the policy making and enforcement and to MDA.
Management aspects for PNFs (like RU deployed as PNFs) are out of NFV-MANO scope. The virtualization of the O-RU is for future study by the O-RAN WGs.
[bookmark: _Toc79509397][bookmark: _Toc80618972][bookmark: _Toc99484996]According to O-RAN WG6-CAD [i.30] different deployment models have been considered, where NFs can be distributed over regional, edge and remote clouds. Although in NFV-MANO there is no such granularity, this differentiation can be covered by the NFV-MANO multi-domain and multi-site deployments concepts. To simplify the analysis, it will be only considered that a domain can correspond to any possible different type of cloud (e.g., edge). 5.2.1.2	Potential Solutions 
[bookmark: _Toc99484997]5.2.1.2.1	Overview
The present clause describes possible architectural mapping solutions. For all the different approaches it is considered that IMS deploys DMSs and that IMS can communicate with the different DMSs. For example, IMS could retrieve OAM data from the DMS to re-expose inventory and capacity data to the SMO.
[bookmark: _Toc79509398][bookmark: _Toc80618973][bookmark: _Toc99484998]5.2.1.2.2	Potential solution A1
The present potential solution considers that O-Cloud is not responsible for the VNF management which is instead performed at the SMO level. This means that VNFM resides in the SMO, and it can potentially terminate the O2dms interface by implementing NFO functionality. As O2dms interface is not yet clearly defined by the referred O-RAN WG6 technical reports and specifications, NFO functionality could also reside in NFVO. NFVO functionality of overall resource orchestration for the NFV-MANO provides FOCOM functionality and terminates O2ims interface.
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Figure 5.2.1.2.2-1 Architectural mapping for potential Solution A1
The mapping proposal is depicted in Figure 5.2.1.2.2-1. For this proposal, the following relationships between NFV-MANO and O-Cloud elements are considered:
1. NFVO maps to SMO: NFVO is responsible to provide FOCOM functionality and termination of O2ims, and potentially also NFO functionality and O2dms support.
2. VNFM maps to SMO: VNFM maps to SMO and provides NFO related operations. It can potentially terminate all or partially O2dms interface functionality.
3. EM maps to SMO: this is also relevant to the O1 termination inside SMO, however the way EM operations as considered by NFV-MANO can be applied in O-RAN is still not yet clear. Nonetheless, it is considered in the present mapping that the NFVO provides element management capabilities.
4. NFVI maps to O-Cloud: NFVI maps to O-Cloud resources, however, note that NFVI management aspects are not fully covered by existing NFV-MANO specifications, in particular regarding the management of physical infrastructure. Thus, full IMS functionality cannot be fully supported.
5. CIS maps to O-Cloud: CIS maps to O-Cloud resources when considering container-based deployments.
6. VIM maps to O-Cloud: VIM maps to O-Cloud and provides IMS and DMS functionality related to management of VM-based virtualised resources.
7. CISM map to O-Cloud: CISM maps to O-Cloud DMS functionality related to management and orchestration of OS container-based deployments. 
8. CCM maps to O-Cloud: CCM maps to O-Cloud and provides part of the IMS related functionality.
9. CIR maps to O-Cloud: CIR maps to O-Cloud and provides part of the IMS related functionality.
10. WIM maps to O-Cloud: WIM maps to O-Cloud. A functionality in the O-RAN architecture equivalent to the multi-site network connectivity has not been defined yet.
[bookmark: _Toc99484999]5.2.1.2.3	Potential solution A2
The present potential solution considers that O-Cloud is responsible for the VNF management. This means that in this case VNFM functionality resides in the O-Cloud and O2dms interface aspects are expected to be considered not only externally, but also internally to the O-Cloud. Regarding the interaction with the SMO, O2dms terminates to NFO which is fully supported by the NFVO. Like in the previous case NFVO is also used to terminate O2ims interface and provide FOCOM functionality.
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Figure 5.2.1.2.3-2 Architectural mapping for potential Solution A2
The mapping proposal is depicted in figure 5.2.1.2.3-2. For this proposal, the following relationships between NFV-MANO and O-Cloud elements are considered:
1. NFVO maps to SMO: NFVO is responsible to provide both FOCOM and NFO functionality and termination of O2ims and O2dms (fully or partially) respectively.
2. VNFM maps to O-Cloud: VNFM maps to O-Cloud and provides DMS related functionality. In this case, it is considered that DMS handles "NF-level" deployment functionality. It also potentially exposes O2dms interface to the SMO (NFVO). VNFM abstracts individual resource abstraction instances across O-Cloud sites whose resources are managed by VIMS/CISMs.
3. EM maps to SMO: same as in Solution A1. 
4. NFVI maps to O-Cloud: same as in Solution A1.
5. CIS maps to O-Cloud: Same as in Solution A1.
6. VIM maps to O-Cloud: Same as in Solution A1. In particular, the VIM provides the DMS related functionality concerning the management and orchestration of VM-based virtualised resources for VNFs.
7. CISM map to O-Cloud: Same as in Solution A1. In particular, the CISM provides the DMS related functionality concerning the management and orchestration of OS containers and workloads for VNFs. 
8. CCM maps to O-Cloud: Same as in Solution A1.
9. CIR maps to O-Cloud: Same as in Solution A1.
10. WIM maps to O-Cloud: Same as in Solution A1.
[bookmark: _Toc79509400][bookmark: _Toc80618974][bookmark: _Toc99485000][bookmark: _Hlk79499276]5.2.1.3	Gap analysis 
For both solutions the following gaps have been identified regarding the mapping of the NFV-MANO architectural framework to O-RAN architecture. 
Gap #1.1: To support solution A1, the NFO functionality boundaries between VNFM and NFVO are not defined, so the endpoint of O2dms to the VNFM and/or NFVO is unclear. To support solution A2, part of DMS functionality is supported by VNFM and by VIM/CISM, therefore O2dms exposure is unclear. For both the solutions the decisions will affect the usage or not of the relevant NFV-MANO interfaces and the design of O2dms.
Gap #1.2: In O-RAN there is no distinction between VIM and CISM functionality, as both can be considered part of O-Cloud and functionality is offered by a single function, the DMS. Whether to consider VIM as a realization of the CISM has been analyzed in ETSI GR NFV-IFA 029 [i.49]. Placement of the CISM functionality in the NFV-MANO architectural framework as an independent function or merged with other functions is not defined fully.
Gap #1.3: To support Solution A2, single NFVO interacting with multiple VNFMs deployed in different administrative domains has not been considered by the ETSI NFV specifications. Multidomain interactions have only been specified between NFVOs on different administrative domains. This gap assumes that SMO and O-Cloud reside on different administrative domains.
 Another issue to consider when profiling NFV-MANO FBs to the O-RAN architecture is related to the ability of NFVO to provide FOCOM functionality. In the case that O2ims comprises the management of O-Cloud infrastructure, which further results in physical and virtual infrastructure management done within the O-Cloud by the O-Cloud IMS, interfaces used and the communication properties like the ones between NFVO and VIM related to NFVI management (such as capacity information and NFVI resources reservation specified in ETSI GS NFV-IFA005 [i.39]) are of relevance. However existing NFV-MANO specifications are not covering all management aspects towards NFVI, e.g. full management of physical resources. Thus, NFVO is not able to provide the full set of FOCOM functionality and additional functionality, either part of or outside the NFVO, would be expected.
Editor’s Note: this discussion point will be revisited considering the development of the container cluster management as part of FEAT17 and IFA036.
[bookmark: _Toc80618975][bookmark: _Toc99485001]5.2.1.4	Evaluation and concluding remark
Table 5.2.1.4-1 provides pros/cons analysis of the solutions described for this key issue.
Table 5.2.1.4-1: Solutions evaluation for Key Issue 1
	Case
	Pros
	Cons
	Additional considerations/remarks

	Solution A1 
	- Clear functional split between infrastructure management and network function management and orchestration.
- Better support for O-Cloud federation (multiple O-Clouds), since all VNFs are managed centrally by VNFM residing in the SMO.
	- Boundaries between NFVO and VNFM is expected to be defined regarding overall NFO functionality. Related interactions with DMS and termination of O2dms only in VNFM is not fully covering the DMS operational scope.

	- Depending on the O-Cloud design  only one or both types of deployments: VM and container, might be assumed, simplifying SMO interactions, but limiting deployment options. 


	Solution A2 
	- A good step towards technology agnostic (VM/containers) abstract API exposure to SMO by O-Cloud. Note however that NFVO still handles certain technology specific aspects (e.g., different types of networks) so solution is not end-to-end technology agnostic.
- Simplifies SMO operations and communication with O-Cloud for hybrid deployments (VM/containers)
- SMO/NFVO do not need to perform low level granular resource deployment and management which is offloaded to the O-Cloud/VNFM
- VNFM can abstract the resource deployment across different O-Cloud site instances (i.e., a VNFM can interact with several VIM/CISM controlling corresponding O-Cloud resource sites/NFVI-PoPs).

	- O-Cloud provider is expected to “handle VNF” level compositions, which is not  expected by a "pure" IaaS or PaaS type of provider.
- Additional complexity in the O-Cloud because of hosting VNFM. 
- DMS functionality can be provided by VNFM but also VIM/CISM. O2dms termination in O-Cloud is challenging.

	-The number of  VNFM instances which are assumed per O-Cloud instance considering that multiple DMSs could be expected, for example to handle various types of deployments or tenancy is a design option. 


In summary solution A1 does not preclude the case of VM- based virtualization, however, seems more appealing for the case of containerized workloads. It also provides a clear separation between resources management and NF management and can be applied over multi-domain environments without additional considerations from NFV-MANO point of view. Solution A2 on the other hand seems more appropriate for mixed VM/containers environments.  
According to the analysis provided a number of challenges are still to be addressed regarding the architectural mapping between NFV-MANO and the O-RAN architecture. Each solution may find its proponents in the light however of the fact that the functionality of the different O-RAN elements, like DMS, IMS and SMO have not yet been fully delineated by the O-RAN technical reports and specifications. 
Editor’s Note: to update the analysis and solutions provided based on O-RAN developments for March’s train.



[bookmark: _Toc80618976][bookmark: _Toc99485002]6	Recommendations
[bookmark: _Toc80618977][bookmark: _Toc99485003]6.1	Overview
Editor’s Note: This clause will provide some introductory description about the type of recommendations that are analysed in the present document.
[bookmark: _Toc80618978][bookmark: _Toc99485004]6.2	Recommendations related to the NFV architectural framework
Editor’s Note: This clause will provide recommendations related to the NFV architectural framework, potential new interactions among functional blocks, etc.

[bookmark: _Toc80618979][bookmark: _Toc99485005]6.3	Recommendations related to functional aspects
Editor’s Note: This clause will provide recommendations related to the NFV architectural framework, thus, identifying functionality of the NFV architectural framework functional blocks, etc.

[bookmark: _Toc80618980][bookmark: _Toc99485006]6.4	Recommendations related to NFV descriptors and other artefacts
Editor’s Note: This clause will provide recommendations related to the NFV descriptors and other artefacts.

[bookmark: _Toc80618981][bookmark: _Toc99485007]6.5	Recommendations related to interfaces and information model
Editor’s Note: This clause will provide recommendations related to interfaces and information model associated to interfaces.

[bookmark: _Toc80618982][bookmark: _Toc99485008]6.6	Recommendations related to cross organization collaboration
Editor’s Note: This clause will provide recommendations about aspects analyzed in the GR that can potentially be relevant to other organizations considering their scope and determining how to liaise these outputs. 

[bookmark: _Toc80618983][bookmark: _Toc99485009]6.7	Other recommendations
Editor’s Note: The purpose is to collect additional recommendations that are not of any of the categories listed abo ve.



[bookmark: _Toc80618984][bookmark: _Toc99485010]7	Conclusion
Editor’s Note: The purpose of this clause is to provide concluding remarks once the GR draft is about to be completed.






[bookmark: _Toc99485011][bookmark: _Toc22808973][bookmark: _Toc23418218][bookmark: _Toc455504149][bookmark: _Toc481503687][bookmark: _Toc22808974][bookmark: _Toc23418219][bookmark: _Toc99485012]Annex A: Virtualized RAN Use Cases
A.1	Introduction 
The aim of this clause is to analyse use cases provided by other SDOs regarding RAN cloudification. A technical assessment is provided regarding the relationship with NFV-MANO framework like also the technical challenges when all or parts of RAN NFs are deployed as VNFs, using VIM or CISM based solutions. 
In this Annex the focus is on NF virtualization and NFV management and orchestration aspects. Application-level operations and optimizations are considered out of scope of the present analysis and will be succinctly described only in case they drive requirements, like the need for hardware or software acceleration.
In the following analysis references are provided only for NFV-EVE (stage 0) and NFV-IFA (stage 1 and 2) like also NFV-REL and NFV-TST, as NFV-SOL relevant reports and specifications can be easily deduced.
A.2	Use cases from O-RAN WG1
[bookmark: _Hlk99466320]The following use cases have been introduced in O-RAN WG1 “Use Cases Analysis Report” [i.47]. 
Table A.2-1: O-RAN WG1 Use Cases Analysis
	[bookmark: _Toc99485013][bookmark: _Hlk99465960][bookmark: _Hlk99466274]Source
	Use Case

	[i.47]-UC1 and UC2
	UC1 Title: Context-Based Dynamic HO Management for V2X 
Short description: This use case is about optimizing handover decision making for moving vehicles in V2X applications by introducing AI/ML assisted decision making in the Near-RT RIC. This functionality is performed by an xAPP running in the Near-RT RIC, applying long-term analytics by using AI/ML algorithms and real-time optimization which is offered by trained ML model. Near-RT RIC monitors UE specific real-time mobility context based on V2X data.UC2 Title: Flight Path Based Dynamic UAV Radio Resource Allocation 
Short Description: This use case is targeting UAV mobility handling, adjusting radio resource allocation policies, reducing unnecessary handover and improving radio resource utilization for UAV. The Near-RT RIC supports deployment and execution of AI/ML models, constructed/trained in the Non-RT RIC.
Relevance to NFV: minimum according to the description. However, deploying Near-RT as a VNF with real-time characteristics is related to issues like the ones described in ETSI GR NFV-EVE 017 [i.16].Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF.

	[i.47]-UC3
	UC3 Title: Radio Resource Allocation for UAV Application Scenario 
Short Description: Besides UAVs this use case also considers UAV operational terminals and moving UAV Control Vehicles. UAV Control Vehicle deploy network equipment, including O-CU, O-DU, the Non-RT RIC, the Near RT RIC function modules and the Application Server. In deployment option A, O-CU, O-DU and Near-RT RIC are deployed on the Control Vehicle, Non-RT RIC and core network are deployed on the central cloud.  In option B, all modules, including the gNB, Near-RT RIC, Non-RT RIC and the necessary core network function modules, are deployed in the Control Vehicle. 
Relevance to NFV: Minimum according to the description. ETSI GS NFV-IFA 032 [i.35] is about Multi-Site Connectivity Services and considering a VNF-based deployment of the DU/CUs NFs under option A, additional issues are related to connectivity aspects (CPs, SAPs) because of the moving nature of the Control Vehicle. 
Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF. Requirements regarding preserving IP addressing or FQDN for moving VNFs, for example by building a local network inside the moving vehicle. 

	[i.47]-UC4
	UC4 Title: QoE Optimization 
Short Description: The goal of this use case is to improve the way congested cells are detected and automatically allocate resources based on the end user experience. The solution introduces a “User RAN Policy”, hosted at the Non-RT RIC or Near-RT RIC. The User RAN Policy will be instantiated as an rApp or xApp which will apply the operator’s desired QoE configuration for specific user, slice or 5QI flow types on the network. 
Relevance to NFV: Minimum according to the description. In case of NFV-based orchestration and management, QoS and QoE preservation besides pure RAN configuration aspects is also relevant to scaling out/up decision making and VNF LCM. Scaling out/up functionality is already provided by ETSI NFV for both VIM, CISM based solutions. 
Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF. Auto-scaling is based on VNF indicators supplied by the VNF or the EM, or from performance/fault notifications received from the VIM/CISM about virtualised resources used by the VNF. In O-RAN, EM functionality is supported by functions residing in the SMO. However how this functionality can be mapped for example to VNFM, EM and VNF generic OAM functions reported in ETSI GR NFV-EVE 019 [i.34] is an open discussion.   

	[i.47]-UC5
	UC5 Title: Traffic Steering 
Short Description: Traffic steering allows, using the A1 interface, to flexibly configure optimization policies and utilize the appropriate performance criteria to proactively manage user traffic across different access technologies (like NR, LTE and Wi-Fi). Traffic management policies are sent over the A1 interface from Non-RT RIC to Near RT-RIC, who uses the policies when enforcing the radio resource control. 
Relevance to NFV: clause 5.10 of ETSI GR NFV-IFA 037 [i.15]  describes the support of NFV for convergent access (3GPP and non-3GPP), where different virtualized gateway systems are used to connect the different access networks to the 5GCN. ETSI GR NFV-IFA 037 [i.15]  also reports about usage of VL for connectivity matters, traffic routing/balancing.
Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF. GAP3.1 described in clause 5.4.4 of ETSI GR NFV-IFA 037 [i.15]  also applies regarding L2 connectivity aspects. 

	[i.47]-UC6
	UC6 Title: Massive MIMO Beamforming Optimization 
Short Description: The objective of this use case is to allow the operator to flexibly configure Massive MIMO system parameters by means of policies, configuration or machine learning techniques. In this use case three optimization loops for massive MIMO Beam Forming are proposed: 1) an outer, Non-RT loop Massive MIMO Grid of Beams Beam Forming Optimization, 2) an inner, Near-RT loop Massive MIMO Beam-based Mobility Robustness Optimization and 3) an inner, Near-RT loop Massive MIMO Beam Selection Optimization. Non-RT RIC is used for model training and Near RT RIC for model Inference and decision making. 
Relevance to NFV: Minimum according to the description. 
Potential key issues for NFV:  see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF.

	[i.47]-UC7
	UC7 Title: RAN Sharing 
Short Description: two operators A and B, share the same RAN infrastructure, while keeping the core network independent. Operator A owns site A and shares the O-RU (Low PHY Layer) with Operator B. Site A hosts VNF instances (O-DU and O-CU) of Operator B where the computing resources of the site A are shared among multiple VNFs, belonging to the operator A and B respectively. In site A operator A can directly control its VNFs, and Operator B controls its VNFs in a remote manner. It is assumed that Operator B can monitor and control the remote resources via the RIC node deployed in another site B. In the proposed architecture, the RICs are not shared and kept independent at the site A and B respectively. Implementation challenges: a) a common interface is expected to control and coordinate the usage of shared resources, and b) an orchestrator is expected to communicate effectively with the shared nodes. Need for a new interface between the Service & Orchestration Framework of the two sites and by enabling the Operator B to directly orchestrate its VNFs deployed in site A via “remote O1 & O2” interfaces. Regarding the control plane, it is assumed that Operator A can control only the shared physical resources, while Operator B can handle only the virtual resources that belong to it. This use case proposes an extension of the E2 interface in order to support the remote control of shared resources.
Relevance to NFV: Use case is relevant to ETSI GR NFV-EVE 018 [i.33] study which describes the different sharing models between multiple tenants, operating over shared virtualized and physical infrastructure. Composition of NS across multiple administrative domains is in ETSI GS NFV-IFA 030 [i.36] where interfaces on the Or-Or reference point are specified. ETSI GR NFV-IFA 028 [i.37] is about interactions between NFV-MANO stacks belonging to different administrative domains. VIM supports grouping sets of virtualised resources into a "virtualised resource group" as specified in ETSI GS NFV-IFA 005 [i.39] and ETSI GS NFV-IFA 006 [i.40]. Based on these findings’ connectivity can be enabled for E2 operations over multi-site environments, like also NS and VNF LCM can be applied over multidomain environments and communication between NFVOs belonging to different tenants.
Potential key issues for NFV: Mapping of SMO functionality to NFVO and normative provisions based on recommendations derived from the ETSI GR NFV-EVE 018 [i.33]. 

	[i.47]-UC8 and UC9
	UC8 Title: QoS Based Resource Optimization 
Short Description: The desired default RAN behavior for slices is configured over O1. For example, the ratio of physical resources (PRBs) reserved for a slice is configured at slice creation over O1. The performance of a RAN slice will continuously be monitored by SMO. When SMO detects a situation when RAN goals cannot be fulfilled, Non-RT RIC can use A1 policies to improve the situation. A motivating example is provided for an emergency network slice. The Non-RT RIC will evaluate how to ensure higher bandwidth for the feed selected by Emergency Control Command and lower for other feeds. The Non-RT RIC updates the policy for the associated UEs for this slice in the associated Near-RT RIC over the A1 interface. Near-RT RIC enforces the modified QoS target for the associated UEs over the E2 interface to fulfill the request. 
UC9 Title: RAN Slice SLA Assurance 
Short Description: Non-RT RIC and Near-RT RIC can fine-tune RAN behaviour to assure RAN slice SLAs dynamically. Non-RT RIC monitors long-term trends and patterns for RAN slice subnets’ performance, and employs AI/ML methods to perform corrective actions through SMO (e.g. reconfiguration via O1) or via creation of A1 policies. Non-RT RIC can also construct/train relevant AI/ML models that will be deployed at Near-RT RIC. A1 policies possibly include scope identifiers (e.g. S-NSSAI) and statements such as KPI targets. On the other hand, Near-RT RIC enables optimized RAN actions through execution of deployed AI/ML models in near-real-time by considering both O1 1 configuration (e.g. static RRM policies) and received A1 policies, as well as received slice specific E2 measurements.
Relevance to NFV: clause 5.4 of ETSI GR NFV-IFA 037 [i.15]  profiles the different NFV capabilities to support 3GPP Network Slicing. ETSI GR NFV-IFA 024 [i.41] describes the touchpoints between the 3GPP’s network slicing management model and the ETSI NFV information model. ETSI GR NFV-IFA 023 [i.42] and ETSI GR NFV-IFA 042 [i.43]  report about policy management in NFV.
Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF. Mechanisms to enable slice aware NFV policy management could be established. From a deployment point of view, correlation between end-to-end slice QoS and slice aware VNF and resource performance indicators can be expected, however this is out of NFV work scope. In addition, a VNF can be also shared under slicing and different models apply. Transport Network slicing relationship with NFV WIM has not been investigated enough.

	[i.47]-UC10
	UC10 Title: Multi-vendor Slices 
Short Description: This use case enables multiple slices with functions provided by multiplevendors. For example, slice-1 is composed of vO-DU(s) and vO-CU(s) provided by vendor B, and slice-2 is composed of vO-DU(s) and vO-CU-UP(s) provided by vendor C. An additional application of multi-vendor slices use case is RAN sharing where, operator A has a pair of vO-DU and vO-CU from vendor A, and operator B has a different pair of vO-DU and vO-CU from vendor B, and O-RU is shared among these two operators. Coordination between vO-DU/vO-CUs is key since radio resources are expected to be assigned properly and without any conflicts. Possible cases are: 1) loose coordination through O1//A1 interface, 2) moderate coordination through E2/X2/F1 interface, and 3) tight coordination through a new interface between vO-DUs.
Relevance to NFV: clause 5.4 of ETSI GR NFV-IFA 037 [i.15]  profiles the different NFV capabilities to support 3GPP Network Slicing. For the RAN sharing model ETSI GR NFV-EVE 018 [i.33]  is also relevant.
Potential key issues for NFV: None additional, see also UC7, UC8 and UC9.

	[i.47]-UC11
	UC11 Title: Dynamic Spectrum Sharing (DSS) 
Short Description: DSS enables 4G and 5G UEs to operate over the same spectrum identified as X (typically low band), while 5G itself could operate on new bands Y (typically high band) not used by current 4G deployment. The DSS over RIC can be realized as multiple applications. One possible logical breakdown is as a resource management application (DSS-App) managing the shared spectrum resource, and another application (RAT-App) to configure, control and monitor DSS rules in the CU/DU corresponding to the LTE (RAT-App-4G) and 5G (RAT-App-5G) cells. 
The main functionality of Non-RT RAT-App is to translate the global DSS policies from Non-RT DSS-App to RAT specific policies to the RAT-App in the Near-RT RIC over A1. The main functionalities of the Near-RT DSS-App include policy translation between Non-RT DSS-App to RAT specific configuration to the Near-RT RAT-App. Furthermore, it is actively involved in closed-loop decision using the KPIs from the RAN. The main functionality of Near-RT RAT-App is to perform RAT specific configuration, control and data subscription over E2 interface with RAN (CU/DU components).
Relevance to NFV: ETSI GR NFV-EVE 017 [i.16]  reports about real time/ultra-low latency aspects in NFV-MANO. ETSI GR NFV-EVE 017 [i.16]  investigates different delay points within an NFV deployment (e.g., VNF Delay, Virtual Link Delay), which are important to consider when designing low latency closed-loop control mechanisms.
Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF. DSS synchronizes the MAC schedulers to avoid scheduling interference, this presumes time synchronization between the deployed VNFs (hosting Near-RT RIC). Operational requirements for 10ms-1s control loop latency are recommended to be supported by the hardware, virtualization stack and the relevant network operations. 

	[i.47]-UC12
	UC12 Title: NSSI Resource Allocation Optimization
Short Description: This use case is about NSSI resource allocation optimization on the Non-RT RIC, and consists of the following steps: 1) monitor the radio network(s) by collecting data via the O1 interface, including performance measurements such as DL PRB used for data traffic, number of PDU Sessions requested to setup, etc. 2) analyze the data to train the AI/ML model, and then determine the actions needed to add or reduce the resources for the NSSI at the given time, and location. 3) execute the actions to reallocate the NSSI resources by a) re-configuring the NSSI attributes via the O1 interface and b) updating the cloud resources via the O2 interface.
Relevance to NFV: Clause 5.4 of ETSI GR NFV-IFA 037 [i.15]  profiles the different NFV capabilities to support 3GPP Network Slicing.
Potential key issues for NFV: None additional.

	[i.47]-UC13 to UC15
	UC13 Title: Local Indoor Positioning in RAN 
Short Description: This use case focuses on indoor environments, where the positioning function regarding UE location, can be deployed as a positioning xApp in the Near-RT RIC. The positioning xApp computes the UE location and optional velocity based on the positioning measurement obtained via the E2 interface. Non-RT RIC can also be leveraged to provide the AI/ML model if machine learning based algorithm is selected for the positioning. Then, the trained positioning/ML model can be deployed to Near-RT RIC for real-time positioning inference. The E2 nodes are expected to provide positioning measurements to Near-RT RIC as required. The positioning xApp in Near-RT RIC can pass the positioning results to the SMO for further exposure.
UC14 Title: Massive MIMO SU/MU-MIMO Grouping Optimization 
Short Description: This use case is about adapting appropriate transmission methods (e.g., SU-MIMO, MU-MIMO) for each user. 
Solution 1: When the optimization objective fails, SMO triggers the AI/ML model re-training, data analytics and optimization in Non-RT RIC. The Non-RT RIC uses the trained AI/ML model to decide the UE list for SU-MIMO group and MU-MIMO group by inferring the mobility, traffic model of each user. The Near-RT RIC retrieves SU/MU-MIMO grouping, and related RRC configurations from non-RT RIC. Moreover, it can send the configurations to E2 nodes. The RAN Nodes send proper RRC configuration accordingly for UE in both SU-MIMO and MU-MIMO groups, do SU-MIMO scheduling for UE in SU-MIMO group, and do SU-MIMO or MU-MIMO scheduling for UE in MU-MIMO group dynamically. The RAN nodes collect and report the performance measurement to SMO related to SU- MIMO and MU-MIMO spectral efficiency. 
Solution 2: AI/ML model re-training, data analytics and optimization are performed in Non-RT RIC. Near-RT RIC provides the mobility and the traffic model prediction result over E2 interface. The E2 node makes final decision on SU/MU-MIMO grouping. E2 nodes can support the advanced MAC scheduling algorithms that decide to do SU-MIMO or MU-MIMO transmission for each user considering the user mobility and traffic model prediction.
Title: O-RAN Signaling Storm Protection 
Short Description: This use case is about protecting the network from UE originated signalling storms. An xApp can be built with two main functionalities: a DDoS detection capability and a DDoS mitigation capability. The DDoS detection capability has two parts: the near real time detection, which takes place in a RIC xApp and a non-real time detection, which takes place at the SMO and relies on enrichment data originated in external system (e.g., 5G Core or OAM system). The DDoS Mitigation xApp can decide for each attach request if it can be accepted or rejected, or it can update an appropriate E2 policy when a UE is determined to be suspect. The mitigation functionality can support a set of actions, depending on the policy applied. These actions can be applied to a single UE, or a set of UEs.
Relevance to NFV: minimum according to the description.
Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF.

	[i.47]-UC16
	UC16 Title: Congestion Prediction & Management 
Short Description: In the CPM (Congestion Prediction & Management) architecture proposed, E2 node statistics are collected by the data collector of SMO over the O1 interface. After pre-processing data is shared with Non-RT RIC using a data sharing entity. Non-RT RIC will invoke the corresponding training model/application in an AI server inside or outside SMO. Machine learning models, can be used to learn and predict the future traffic. CPM rApp in Non-RT RIC will form the inference. Two options to mitigate cell congestion are: a) option a: CPM rApp in Non-RT RIC transfers the inference to the CPM xApp in Near-RT RIC through A1 interface. Near-RT RIC can decide the mitigation solutions over E2 interface like switching to dual connectivity mode; and b) option b: Non-RT RIC can directly mitigate the congestion with the help of O1 interface. Some of the mitigation solutions can be switching to higher order MIMO or switching some of the users to Wi-Fi. The E2 nodes feedback can be sent to Non-RT RIC through O1 interface.
Relevance to NFV: Inference logic may consider O-Cloud reports for VNF-based deployments, besides UE related performance metrics analysis. VNF generic OAM can be also exploited as defined in ETSI GR NFV-EVE 019 [i.34]. 
Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF. Ensure enough naming and identification information is made available to ensure proper correlation between application and resource management views.

	[i.47]-UC17
	UC17 Title: Industrial IoT Optimization 
Short Description: Key features as below have been supported for IIoT in 5G system, such as data duplication and multi-connectivity enhancement, Time Sensitive Networking, and different prioritized transmission multiplexing. Based on O-RAN architecture some of these features can be optimized, e.g., PDCP duplication, Ethernet Header Compression (EHC). 
Relevance to NFV: ETSI GR NFV-EVE 017 [i.16] reports about real time NFV-MANO.
Potential key issues for NFV: see table A.3-3 for a discussion about deploying Near-RT RIC as a VNF. How data duplication and multi-connectivity concepts driven from an application can affect VNF operation and NS deployment are expected to be investigated. Operational requirements for time synchronization are expected to be supported by the hardware, virtualization stack and the relevant network operations.

	[i.47]-UC18
	UC18 Title: BBU Pooling to achieve RAN Elasticity 
Short Description: This use case investigates scenarios where both O-CUs and O-DUs can be pooled, focusing on O-DU pooling. The O-DU resources for multiple cell sites are pooled at a single centralized location (the O-DU Pool). The Cloud Access Switch (CAS) at the O-DU Pool aggregates traffic from the multiple Front Haul gateways and routes it to the appropriate O-DU blade based on the load balancing requirement. The following classes of O-DU pooling have been defined:
1) Class 0: an O-RU is assigned to a single specific O-DU statically, and the traffic from the O-RU is not split into subsets that could be assigned to different O-DUs. With Class 0 pooling, re-assigning an O-RU to connect to a different DU would imply significant effort and is performed very infrequently during specific maintenance windows. 
2) Class 1: n O-RUs are initially assigned to a single O-DU during a specific period of time, but the O-RUs can be re-assigned to different O-DU at any point of time via orchestration procedures with the help of SMO. This automated re-assignment can be triggered outside maintenance windows, based on various performance criterion or for load balancing. Like with Class 0 pooling, the traffic from the O-RU is not split into subsets that could be assigned to different O-DUs. 
3) Class 2 pooling: n O-RUs are assigned to m O-DUs, and subsets of traffic from one O-RU are dynamically distributed (and load-balanced) across the O-DU resources within the O-DU pool using a cluster aware scheduler.
Both Class 1 and Class 2 Pooling are enabled by the O-RAN Open Fronthaul with LLS 7 (option 7-2x split). 
Relevance to NFV: Different pooling models can be realized in a form of a policy (ETSI GR NFV-IFA 023 [i.42] and ETSI GR NFV-IFA 042 [i.43]). VLs are part of the NSD according to ETSI GS NFV-IFA 014 [i.44]  which enable the designer of the network to provide requirements about the connectivity between constituents of the NS. Load balancing between distributed VNFCs is described in ETSI GR NFV-IFA 029 [i.49].
Potential key issues for NFV: enhance load balancing (e.g., VL capabilities or NFP) by incorporating cluster aware scheduler tuned by NFV-MANO to support Class 2 pooling for the case of VIM managed resources. Virtual CP concepts associated to container-based deployments supported by CISM can natively support this functionality.


[bookmark: _Hlk99466391]
The following Use Cases have been introduced by O-RAN WG1 “O-RAN Operations and Maintenance Architecture” [i.48]. 
Table A.2-2: ORAN WG1-OAM Use Cases Analysis
	[bookmark: _Hlk99465928]Source
	Multi-vendor network provisioning in a mixed PNF/VNF environment

	[i.48]-UC19
	UC19 Title: O-RAN Service Provisioning
Description: This use case assumes that the network elements are deployed based on an example Network Design using VNFs for centralized functions and PNFs for functions closer to the customer, so that the sequence calls for deployment of VNFs for the Near-RT RIC, O-CU-CP and O-CU-UP first followed by PNFs for the O-DU and O-RU. Note: RF functions are expected to always be realized as PNFs but the O-DU can be realized as a PNF or VNF; PNF is used as an example to illustrate the associated OAM flows.
Relevance to NFV: as the use case is broad in scope, is relevant to all NFV-MANO FBs and operations.
Potential key issues for NFV: None specific, NFV-MANO can support the intended functionality for virtualized NFs. However, mapping between the different NFV-MANO FBs and O-RAN management entities is a more general issue to be further analyzed .


	[i.48]-UC20
	UC20 Title: O-RAN Measurement Data Collection
Description: The use case focuses on the Non-RT RIC measurement data collection and consumption, the SMO can generate the Performance Management Job and perform the Performance Management Job control operations accordingly. The SMO can support the measurement data consumption by the Non-RT RIC. Specifications for collecting infrastructure measurements do not yet exist in O-RAN.
Relevance to NFV: ETSI GS NFV-IFA 027 [i.45] specifies performance measurements that are exposed on various NFV-MANO reference points. ETSI GS NFV-TST 008 [i.46] specifies NFVI performance metrics reported to VIM.
Potential key issues for NFV: Mapping the different NFV-MANO FBs and O-RAN management entities is a more general issue to be further analyzed. Pure RAN related performance monitoring metrics are not within NFV-MANO’s scope.



[bookmark: _Toc99485014]A.3	Use cases from O-RAN WG6
The following use cases have been introduced by O-RAN WG6 in “Orchestration Use Cases and Requirements for O-RAN Virtualized RAN” [i.50]. 
Table A.3-1: ORAN WG6 Basic Use Cases Analysis
	Source
	O-Cloud Basic Use Cases  

	[i.50]-UC1
	UC1 Title: O-Cloud Pre-Deployment Processing Use Case 
Description: The goal of this use case is to add an O-Cloud in SMO. The O-Cloud needs to be created before the SMO can interface with it. The Cloud Installation Project Manager issues a “service request” to the SMO to update its Inventory with the new O-Cloud. The Cloud Installation Project Manager also registers to the SMO the basic software for the O-Cloud. SMO generates O-Cloud ID, and creates an inventory record with the O-Cloud ID.
Relevance to NFV: use case concerns to management of infrastructure and their management system, and ETSI GS NFV-IFA 031 [i.51] is about NFV-MANO management, ETSI GR NFV-IFA 029 [i.49] is about PaaS, ETSI GS NFV-IFA 036 [i.52] concerns to management of container infrastructure service (CIS) clusters.
Potential key issues for NFV: Depending on the architectural mapping of SMO and O-Cloud to NFV-MANO FBs, interfaces specified by ETSI GS NFV-IFA 031 [i.51] can be exploited. However, in ETSI GS NFV-IFA 031 [i.51] there is no notion of lifecycle management of NFV-MANO entities or equivalents, instantiation workflows of the different entities of an NFV-MANO aware SMO/O-Cloud system are for further study. 

	[i.50]-UC2
	UC2 Title: O-Cloud Platform Software Installation Use Case
Description: The Use Case describes the deployment of the O-Cloud and installation of O-Cloud Platform Software on an O-Cloud Node. After the SMO is notified about new hardware on O-Cloud Nodes he loads O-Cloud Platform Software on the O-Cloud Node. During activation of the O-Cloud Nodes, the O-Cloud Management Plane activates IMS, and notifies the SMO of its availability. The IMS loads necessary basic software for O-Cloud onto the other O-Cloud Nodes and configures and activates one or more DMSs. 
Relevance to NFV: Hardware resources are part of NFVI and are discoverable/managed by VIM over Nf-Vi reference point. Resources reservation (e.g., Compute Host Reservation Management Interface) is part of Or-Vi defined in ETSI GS NFV-IFA 005 [i.39]. ETSI GS NFV-IFA 036 [i.52] concerns to management of container infrastructure service clusters.
Potential key issues for NFV: The use case highlight specific OAM functionalities performed on “hardware”, and “hardware management”, and more specifically about software management for hardware aspects are not addressed by ETSI NFV specifications. In addition, mapping of IMS functionality to NFVI/VIM/CISM operations, mapping of FOCOM functionality to NFVO and alignment of O2ims interface with Or-Vi are to be further analyzed.

	[i.50]-UC3
	UC3 Title: O-Cloud Registration and Initialization Use Case
Description: This Use Case describes the sequence for registration and initialization of the newly deployed O-Cloud. IMS initiates the O2 O-Cloud Registration Process using O2oam and O2ims services. The SMO queries the O-Cloud for its SW inventory, configures the O-Cloud using O2 and queries the O-Cloud for available DMS. For each DMS, SMO retrieves DMS capabilities using O-Cloud Inventory Update. 
Relevance to NFV: ETSI GS NFV-IFA 031 [i.51] about NFV-MANO management, which can be used for the registration aspects, and ETSI GS NFV-IFA 036 [i.52] about CIS cluster management, specifically concerning the aspects of registration and inventory of CIS cluster information. ETSI GS NFV-IFA 005 [i.39] specifies interfaces and operations related to information of consumable virtualised resources. It also specifies NFVI capacity management interfaces for capacity and usage reporting of physical resources..
Potential key issues for NFV: Aspects of software management and inventory, beyond capacity information, of NFV-MANO and NFVI are not fully covered by ETSI NFV specifications. In addition, as DMS is closely related to VIM/CISM/CIR and VNFM operations, functionalities mapping and boundaries between them are to be further analyzed.

	[i.50]-UC4
	UC4 Title: O-Cloud Inventory Update Use Case (DMS Example) 
Description: This Use Case describes the procedure for the SMO and O-Cloud to update inventory information about its type and current capabilities using O2 Infrastructure Inventory Services, including resource build configurations (aka "flavors"), capacity, utilization and availability.
Relevance to NFV: Capacity management services are handled by NFVO through Or-Vi reference point (ETSI GS NFV-IFA 005 [i.39]). 
Potential key issues for NFV: Similar to UC2.

	[i.50]-UC5
	UC5 Title: Hardware Infrastructure Scaling of O-Cloud Post Deployment 
Description: After the initial deployment of an O-Cloud, it may be necessary to scale up resources. In this use case, we examine how the SMO will discover and manage a new O-Cloud Node that has been cabled and powered up to be part of an existing O-Cloud.
Relevance to NFV: Similar to UC2
Potential key issues for NFV: Similar to UC2

	[i.50]-UC6
	UC6 Title: O-Cloud Platform Software Upgrade Use Case 
Description: It is examined how the SMO will upgrade a single O-Cloud. It is assumed that the software upgrade does not affect the IMS itself, and that the IMS can perform the software upgrade and migrating NF deployments from the affected O-Cloud Nodes without affecting active services.
Relevance to NFV: software upgrades are well investigated in ETSI GS NFV-IFA 011 [i.55]. Reliability considerations during software updates have been investigated by ETSI GS NFV-REL 006 [i.56] and ETSI GR NFV-REL 011 [i.38].
Potential key issues for NFV: interfaces for the software management of NFVI and NFV-MANO are unspecified. Functionality and requirements for the migration of VNF to support automatic migration strategies are also unspecified and are to be further analyzed.



Table A.3-2: ORAN WG6 Network Function Basic Use Cases Analysis
	Source
	Network Function Basic Use Cases  

	[i.50]-
UC7 to UC11



	UC7 Title: Instantiate Network Function on O-Cloud 
Description: This Use Case is about instantiation of a Cloud-Native Network Function as a new deployment on an O-Cloud, and notification to the SMO once the instantiation of resources for the Network Function deployment has been completed.
UC8 Title: Scale Out of NF 
Description: This Use Case is about instantiating additional resources for NF deployments in order to expand the capacity of an NF. This results in horizontal elasticity and allows the NF to consume the resources it needs based on the level of demand based on network traffic.
UC9 Title: Scale In of NF 
Description: This Use Case describes how to delete NF deployments to reduce the capacity of an O-Cloud-based ME realizing an O-RAN NF, to improve efficiency. This supports horizontal elasticity and allows the NF to consume only the resources it needs based on the level of demand and  network traffic.
UC10 Title: Software Upgrade of NF
Description: This Use Case describes SMO-managed upgrade to the software of the Network Function. This covers the software deployment and its activation. Once activated the NF is configured by SMO similar to the NF deployment use case.
UC11 Title: Terminate Network Function on O-Cloud
Description: This Use Case describes the termination of a Network Function on an O-Cloud, and notification to the SMO once the termination of resources for the Network Function deployment has been completed.
Relevance to NFV: ETSI GS NFV-IFA 007 [i.53] and ETSI GS NFV-IFA 008 [i.54] cover all the functionality related to LCM of VNFs. Enhancements to support container-based solutions and the management of containerized workloads and MCIOs for VNFs have also been addressed. ETSI GR NFV-EVE 019 [i.34] studies also further enhancements to facilitate the management of VNFs using "VNF generic OAM" functions which can play a role as a consequence or during LCM procedures.
Potential key issues for NFV: Mapping between NFV-MANO FBs and O-RAN entities is for further study.





Table A.3-3: ORAN WG6 Near-RT RIC/xAPP Use Cases Analysis
	Source
	Near-RT RIC/xAPP Use Cases 

	[i.50]-
UC 12 and s13
	UC-12 Title: Configure O-Cloud for Near-RT RIC 
Description: This use case defines an optional procedure to configure a KubernetesTM O-Cloud to support the Near-RT RIC function. The Near-RT RIC may require a Custom Resource to ensure proper lifecycle management of the near-RT RIC and its xAPPs. There are multiple ways to add a custom resource. For example, Custom Resource Definitions (CRD) is easy and requires no programming. Another possibility is to use API Aggregation.
UC-13 Title: Deploy xAPP in Near-RT RIC 
[bookmark: _Hlk96368120]Description: xAPPs are developed independent of the near-RT RIC in which they execute. This Use case describes how an xAPP is instantiated and associated with a near-RT RIC. The LCM of xApp is performed by SMO and O-Cloud. According to the description, Near-RT RIC can be exposed as a CNF while a xAPP as a CNF Component (CNFC). SMO maps known RIC variables to xAPP variables to allow RIC and xAPP to interoperate. Relevance to NFV: ETSI GS NFV-IFA 011 [i.55] is about VNFD and VNF packaging specification, ETSI GS NFV-SOL 001 [i.60] provides stage 3 specification of TOSCA-based VNFDs. ETSI GR NFV-TST 006 [i.61] provides recommendations for partial VNF packaging, which are not however covered yet by all referred ETSI NFV specifications. The concept of custom resource definitions for containerized deployments has been considered by ETSI GR NFV-IFA 036 [i.52] in a conceptual level (see of cluster enhancements, clauses 4.2.13 and Annex C.2). Deploying near-RT as a VNF with real-time characteristics is related to issues like the ones described in ETSI GR NFV-EVE 017 [i.16] (for example usage of delay points). Different LCM cycles for each xAPP are expected to be also supported. For example, near-RT RIC could be deployed as a VNF Common Service according to ETSI NFV-IFA 029 [i.49] with a lifecycle independent from its consumers (the xAPPs exposed as consumer VNFs).Potential key issues for NFV: One key issue is related to the way new xAPPs could be onboarded to the NFV system and be associated with the near-RT RIC when both the near-RT RIC and the xApps are exposed as VNFs (or VNFCs). In case of bundling xAPPS with near-RT RIC, new xAPPS would imply an upgrade of the near-RT RIC VNF package; or alternatively, could be deployed using partial packaging, with references to the near-RT RIC VNF package to which they apply. However partial packaging is not yet supported by ETSI NFV specifications. The concept of custom resource definitions (CRDs) for containerized deployments and API aggregation is discussed under the cluster enhancement features in ETSI GR NFV-IFA 036 [i.52], however standardization activity related to the specification of CRDs and the Aggregation API currently does not exist. Work on service mesh as defined in ETSI GR NFV-IFA 037 [i.15] and the mechanisms/solutions provided regarding the deployment of common platform functionality could be exploited regarding bundling near-RT RIC VNF and other components. 




Table A.3-4: ORAN WG6 reconfiguration of VNFS Use Cases Analysis
	Source
	Reconfiguration of O-RAN Virtual Network Function(s) 

	[i.50]-UC14
	UC14 Title: Reconfiguration of O-RAN Virtual Network Function(s)
Description: This use case is about reconfiguration of O-RAN VNFs in order to affect the behaviour of the RAN. The trigger for reconfiguration could be any number of events such as non-real time traffic analysis by the Non-RT RIC, or input from non-RAN sources. In such cases the SMO will either be told or determine by its own analysis which VNFs need re-configuration, and in which order this is done. If a problem develops during re-configuration, then SMO may optionally invoke a fallback procedure. There may be a need for SMO to initially reroute traffic away from the affected VNFs and subsequently revert traffic to the original patterns.
Relevance to NFV: VNF configuration interface over the Ve-Vnfm-vnf reference point, “VNF generic OAM" functions studied in ETSI GR NFV-EVE 019 [i.34], and "VNF configuration" currently under study in ETSI GR NFV-EVE 022 [i.59]. ETSI GR NFV-IFA 041 [i.57] analyses use cases and aspects regarding management data analytics.
Potential key issues for NFV: While ETSI GR NFV-EVE 022 [i.59] studies the different VNF configuration options, and ETSI GR NFV-EVE 019 [i.34] provides additional solutions for VNF configuration using "VNF generic OAM" functions, how the VNF configuration procedures can jointly operate together with other procedures of orchestration and automation, and in particular, as a result of data analytics procedures, is to be further analyzed.


Table A.3-5: ORAN WG6 Recovery Use Cases Analysis
	Source
	Recovery Use Cases 

	[i.50]-UC15 and UC16
	UC15 Title: Network Function Deployment Level Reset Use Case 
Description: When an O-RAN NF is experimenting some failure the SMO could request the O-Cloud platform to perform an NF Deployment level reset to fix the problem. The reset of an NF Deployment may be performed via different means depending on the type of resources conforming the NF Deployment (e.g., VM or container). For instance, both in VM-based and container-based NF Deployments, the capability to restart the VM or OS Container/Pod can be leveraged. This use case describes the procedure for the SMO to reset specific NF Deployments using the O2dms interface.	
UC16 Title: O-Cloud Node Level Reset Use Case 
Description: When one or more O-RAN NF(s) is (are) experimenting some failure, and the error could not be fixed by using the O1 or O2dms interface services, the SMO could request the O-Cloud platform to perform an O-Cloud Node level reset to fix the problem. The reset of an O-Cloud Node may be performed via different means. For instance, the O-Cloud Node could be restarted (stop and start the node), or reallocating/replacing the O-Cloud Node to other O-Cloud infrastructure resources. This use case describes the procedure for the SMO to reset specific O-Cloud Nodes using the O2ims interface services.	
Relevance to NFV: ETSI GS NFV-IFA 007 [i.53] and ETSI GS NFV-IFA 008 [i.54] support operations for starting/stopping VNF instances. ETSI GS NFV-IFA 005 [i.39] and ETSI GS NFV-IFA 006 [i.40] offer operations for operating the state of virtualised resources, such as start/stop/reboot a VM; overall VIM and CISM operations are applied over the virtualized substrate for the case of exposing NFs as NFV-MANO managed VNFs.
Potential key issues for NFV: management of hardware resources, which can include the operations needed for changing the operation state of NFVI resources is to be further analyzed. 



Table A.3-6: ORAN WG6 fault Use Cases Analysis
	Source
	Fault Use Cases 

	[i.50]-UC17 to UC19
	UC17 Title: Alarm Subscription Use Case 
Description: An alarm subscription allows for one or more consumers to receive alarm event notifications. This is accomplished by the potential subscriber(s) issuing a subscription to the publisher of alarm events.	UC18 Title:  Alarm Notification Use Case 
Description: This use case supports Alarm Notification(s) by the alarm publisher (IMS). A condition occurs on an O-Cloud resource which causes the current alarm list to change. This triggers an evaluation of the alarm subscription criteria by the publisher (IMS). If deemed relevant by the subscription criteria, the alarm is sent to the subscription endpoint.
UC19 Title:  Alarm Query Use Case 
Description: This use case supports Alarm Query (Alarm History) for O2ims. Alarm query allows for the SMO to query for specific kinds of alarms or groups of alarms based on the alarm query criteria.	
Relevance to NFV: ETSI NFV reference point specifications such as ETSI GS NFV-IFA 005 [i.39], ETSI GS NFV-IFA 007 [i.53], etc. define interfaces for fault management which include procedures related to alarm subscription, alarm notification, etc. regarding managed objects such as virtualised resources, VNF and NS. ETSI GS NFV-IFA 031 [i.51] defines fault management interfaces regarding the management of NFV-MANO. Ongoing work in ETSI GR NFV-IFA  045 [i.58] aims at defining the information models for alarms and ETSI GR NFV-EVE 019 [i.34] is handling Notification Management and Logging management exploiting the concept of "VNF generic OAM functions".
Potential key issues for NFV: Fault management of physical infrastructure in the NFVI is to be further analyzed.
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