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[bookmark: _Toc455504139][bookmark: _Toc481503677][bookmark: _Toc92900992]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: _Toc451532925][bookmark: _Toc92900996]3	Definition of terms, symbols and abbreviations
[bookmark: _Toc451532926][bookmark: _Toc92900997]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: _Toc92900998]3.2	Symbols
For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

[bookmark: _Toc455504146][bookmark: _Toc481503684][bookmark: _Toc92900999]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: _Toc92901000]4	Introduction and overview
[bookmark: _Toc455504148][bookmark: _Toc481503686][bookmark: _Toc92901001]4.1	Introduction to the virtualized RAN network
Editor’s Note: in this clause, an introduction to virtualized RAN (vRAN) network will be provided. It is expected to provide an overview of virtualized RAN network and references to the main specifications where virtualized RAN is specified (like O-RAN Alliance and 3GPP), and which will be used throughout the present document to perform the analysis.
[bookmark: _Toc92901002][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: _Toc92901003]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. 

[image: Shape
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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: _Toc92901004]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: _Toc92901005]4.2	State of the art and other organizations landscape
Editor’s Note: In the development of the work item, strong coordination will be promoted with relevant organizations such as O-RAN Alliance and 3GPP on the exchange of (potential) requirements and use cases. Potential impact to the developments of different SDOs but also to industrial consortia and forums will be reported.
[bookmark: _Toc87020043][bookmark: _Toc87020197][bookmark: _Toc92901006]4.2.1 Overview of SDOs activities on vRAN
[bookmark: _Toc92901007]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: _Toc92901008]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: _Toc92901009]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: _Toc92901010]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: _Toc92901011]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: _Toc92901012]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: _Toc92901013]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: _Toc80618965][bookmark: _Toc92901014]4.3	Characteristics of the virtualized RAN network and derived problem statement
Editor’s Note: this clause will introduce and describe the main characterstics that are introduced in the vRAN  network architecture as defined by the O-RAN Alliance by means of architectural framework and interfaces specification. 
The purpose is to have a brief summary and list of items which are later on further analysed in clause 5. The contribution supporting the NWI submission (refer to NFV(21)000158r1), provided a list of initial examples of characteristics that could be studied, which are listed below for quick reference.
· [bookmark: ScopeOfWork]investigate the advances concerning the virtualization of RAN and profile the NFV framework to determine how it can support vRAN use cases. 
· analyse vRAN use cases and map them to the current NFV concepts supported by the NFV architectural framework. 
· analyse the state and potential enhancements for specific capabilities to support vRAN use cases, such as acceleration, platform capabilities (synchronization, real-time, etc.), transport connectivity, automation etc.
· analyse the aspects of NFVI provisioning and HW management, and - the configuration of NFV-MANO and NFVI/platform in consideration of particular vRAN deployment characteristics, such as small but highly distributed sites.
[bookmark: _Toc87020045][bookmark: _Toc87020199][bookmark: _Toc92901015]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].
[image: ]
[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: _Toc92901016]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: _Toc92901017][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: _Toc92901018]5	NFV support for the virtualized RAN
[bookmark: _Toc80618968][bookmark: _Toc92901019]5.1	Overview
Editor’s Note: This clause will provide an introduction of the the purpose of what is described in clause 5. A proposal is to include a description of the structure when analysing the different Key Issues.
[bookmark: _Toc79509394][bookmark: _Toc80618969][bookmark: _Toc92901020]5.2	Key issues and potential solutions
[bookmark: _Toc79509395][bookmark: _Toc80618970][bookmark: _Toc92901021]5.2.x	Key Issue <A>: <name>
Editor’s Note: This clause now serves as a “pseudo-template” for the content required when performing the analysis of the different Key Issues.
[bookmark: _Toc79509396][bookmark: _Toc80618971][bookmark: _Toc92901022]5.2.x.1	Introduction
Editor’s Note: This clause should be used to provide an introductory description of the Key Issue and associated requirements that is being analyzed. For example analysis of characteristics/issues on vRAN and MANO Management frameworks mapping. 
[bookmark: _Toc79509397][bookmark: _Toc80618972][bookmark: _Toc92901023]5.2.x.2	Potential Solutions 
Editor’s Note: This clause will provide a set of potential solutions based on the NFV framework, trying to address the parent Key Issue.
[bookmark: _Toc79509398][bookmark: _Toc80618973][bookmark: _Toc92901024]5.2.x.2.y	Potential solution <Y>
Editor’s Note: A description of the proposed soultion
[bookmark: _Toc79509400][bookmark: _Toc80618974][bookmark: _Toc92901025][bookmark: _Hlk79499276]5.2.x.3	Gap analysis 
Editor’s Note: It could be the case that while profiling and determining how the NFV can help realize the analysed “solution”, technical gaps are identified in our specifications. The purpose of this clause is to describe what these gaps are, and if some potential solution is proposed to help close the gap in the NFV architectural framework and associated specifications.
Furthermore, it could be identified that there is some potential requirement to be considered by the external organization that has performed the specification of the virtualized RAN and its charactersitcs. In this case, this clause will also collect such “feedback”.
[bookmark: _Toc80618975][bookmark: _Toc92901026]5.2.x.4	Evaluation and concluding remark
Editor’s Note: This clause will provide a comparison between the different potential solutions described in clause 5.2.x.2, like also a conluding remark for each Key issue.



[bookmark: _Toc80618976][bookmark: _Toc92901027]6	Recommendations
[bookmark: _Toc80618977][bookmark: _Toc92901028]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: _Toc92901029]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: _Toc92901030]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: _Toc92901031]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: _Toc92901032]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: _Toc92901033]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: _Toc92901034]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: _Toc92901035]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: _Toc92901036][bookmark: _Toc22808973][bookmark: _Toc23418218][bookmark: _Toc455504149][bookmark: _Toc481503687]Annex A: Virtualized RAN Use Cases

[bookmark: _Toc22808974][bookmark: _Toc23418219][bookmark: _Toc92901037]A.1	First clause of the annex 
Editor’s Note: The purpose of this clause is to provide a description of the relevant Use Cases also identified in other organizations such as O-RAN Alliance and 3GPP. The appropriate pointers to the SDOs and industry forums will be provided, together with a discussion on requirements analysis per use case. 

[bookmark: _Toc22808975][bookmark: _Toc23418220][bookmark: _Toc92901038]A.1.1	First subdivided clause of the annex



[bookmark: _Toc455504150][bookmark: _Toc481503688][bookmark: _Toc92901039]Annex B:
Title of annex
[bookmark: _Toc481503689][bookmark: _Toc92901040][bookmark: _Toc455504151]B.1	First clause of the annex 
[bookmark: _Toc455504152][bookmark: _Toc481503690][bookmark: _Toc92901041]B.1.1	First subdivided clause of the annex
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