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Introduction
During RAN3-91bis an initial discussion on network function virtualisation for RAN was started. The discussion presented views were network functions virtualisation was proposed to be left to implementation.
This paper discusses more on RAN functions virtualisation and proposes a way forward on how to achieve a flexible system.
RAN Functions Virtualisation
From a standard point of view the design principles according to which the RAN has been outlined are based on a logical node structure. Logical nodes host protocols and groups of functions and are considered as self contained entities interacting with other logical nodes. Such interactions can be expressed in the form of exchange of information over open interface procedures. A logical node is an entity hosting a number of protocols and functions that assign to the node a specific node behaviour.
Observation 1: the current RAN is based on a logical node structure where logical nodes host protocols and groups of functions, are self contained and interact with other logical nodes
[bookmark: _GoBack]In the current RAN architecture only a few nodes have been defined where the eNB hosts the entirety of the RAN functions. This has made it possible to evolve the LTE functionality without requiring any significant changes to the logical node structure. Having only few nodes does not prevent distributing RAN protocols and functions to different physical locations or hardware.

One possibility when distributing RAN protocols and functions on hardware is to virtualise some of them, namely to run such protocols on a non-dedicated hardware where other processes may coexist. In order to support this however it is beneficial if the internal functions in the logical node is designed in a modular way reducing the interactions with other functions. Especially time critical or frequent interactions should be avoided. 
If deemed opportune new logical nodes can be defined to host protocols and functions that need to be virtualised. Interfaces to such nodes can be defined too. Alternatively, virtualisation can happen within the same logical node, namely by distributing the protocols and functions of the node over different hardware platforms.
It was discussed during RAN3-91bis that functions could be virtualised as independent entities. Such proposals would destabilise the logical node structure the RAN has so far followed and would be subject to the following drawbacks. Firstly, a definition of what a function is would be needed before being fully evaluated. However, considering a function as part of a logical node it appears that a model where the RAN is based on a function structure would complicate the RAN design substantially.
In such model each function would be a separate entity interfacing other functions. 3GPP would need to specify each function’s behaviour and each inter function interface. The latter would limit the freedom to implement the function in the most optimal way. Further, at every change of the function or at every introduction of a new function the overall RAN structure would change: the standard would need to specify new inter functions interactions and new functions behaviour. The logical node structure followed so far would need to interoperate and cope with such a dynamically changing function based structure.
In fact, it is even questionable whether a function could exist as an entity on its own: this function would need to be supported by a protocol stack in order to communicate with other entities in the network.
Observation 3: A RAN design based on a simple logical node structure with few logical nodes allows to virtualise protocols and functions, while leaving the freedom to optimise their implementation. 
Observation 4: A RAN design based on a granular function structure increases complexity and limits optimisation due to specification of several functions and their interactions/interfaces with other functions, due to the need for the standard to specify changes of existing functions whenever optimisation is needed and due to the poor scalability when new functions need to be introduced.
One way to achieve functions virtualisation would be to consider a modular design whenever needed/possible. Namely, such design could consist of specifying functions in a self-contained way, where this means that inter functions interactions are still needed but that the function behaviour is determined only by the information available (e.g. from other protocols/functions) at a point in time and by the function’s implementation. 
With such an approach the standard would simply need to specify a logical node architecture, while it would be left to implementation to design functions in a modular way, if it is believed that this is advantageous. It could then be left to implementation how such functions would need to be virtualised.
In light of the above the following is proposed:
Proposal1: it is proposed to leave functions virtualisation to implementation and to follow a logical node based RAN design with few logical nodes
Proposal 2: it is proposed to follow a modular design for functions that are deemed feasible for virtualisation. Such design allows an easy implementation of virtualised structures of functions and protocols.
Conclusions
In this paper a discussion on logical node based RAN structures versus function based structures has been taken. It was explained that a logical node based RAN structure allows for better flexibility and RAN architecture stability in case of protocol/function changes. 
On the contrary a RAN structure based on independent functions results in an increase of complexity, a non scalable system and it prevents implementation specific intra protocol optimisations. 
In light of the above the following is proposed:
Proposal1: it is proposed to leave functions virtualisation to implementation and to follow a protocol structured RAN design with few logical nodes
Proposal 2: it is proposed to follow a modular design for protocols and functions that are deemed feasible for virtualisation. Such design allows an easy implementation of virtualised structures of functions and protocols.

It is suggested to agree to the proposals above and to the text proposal in the following section.

Text Proposal
----------------------------------------------Start of Changes----------------------------------------------
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Editor’s note: Intension is to capture aspects related to virtualization in this section.

It is assumed that the RAN will follow a logical node based structure. Logical nodes host one or more protocols and functions. Whether functions within a logical node may be virtualised and how such virtualisation allows the function to interact with other functions or protocols is left to implementation.
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