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	Abstract:
	This contribution describes the latest work and progress regarding IMT2020(5G) and network virtualisation from an MVNO’s perspective, and is intended to provide useful input for the work item STUDY_IMT2020MVNOs.


1.	Introduction and Rationale
Many challenges remain for 5G and the future of MVNOs, yet MNOs in several countries have already launched 5G and some in other countries are now ready to launch. In order to bridge the gap, this contribution provides a description of the latest work and progress in an annex, with a particular focus on network virtualisation and MVNOs.

2.	Proposal
The annex of this contribution is intended to be useful input for the work item STUDY_IMT2020MVNOs, added at the very last Study Group 3 meeting, held in Geneva from 23 April to 2 May 2019, the anticipated result of which is to publish a technical report by 2020.


ANNEX
The new concept of virtual network operators in 5G SA
1	Introduction
ITU-T Study Group 3 has committed to a work item under question 3/3 on a study of the policy aspects related to IMT2020 considering MVNOs.
The definition of an Mobile Virtual Network Operator (MVNO) is widely accepted as being a licensed mobile telecommunications operator without radio spectrum licenses or radio facilities (i.e., base stations) of its own that piggybacks on a host MNO with those radio resources. MVNO businesses are broken down into several categories. Figure 1 shows the typical classification of MVNO businesses.
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Figure 1. The typical classification of MVNOs

MVNOs have been seen in many countries since around 2000. In those countries, MVNOs have continued to play their anticipated role as actors for healthy competition in mobile markets, which have tended fundamentally toward oligopolisation owing to limited availability of spectrum, and also as innovators that are essentially and relatively independent of geographical boundaries, physical networks, and existing mobile market structures.
This definition and these anticipated MVNO roles have not been, and will not be, affected by the evolution of mobile technology. However, the progress of network virtualisation towards 5G will urge MVNOs to change their current ways of business, and the social acceptance of IoT applications will require the deeper engagement of various MVNOs with a higher degree of flexibility. Thus, to formulate appropriate policies suited to each domestic market, regulators are encouraged to recognise what will happen in relation to the MVNOs as network virtualisation progresses.
This report covers the following content:
· MVNOs and steps of 5G deployment (Chapter 3);
· New conceptual models of virtual telecommunication operators (Chapter 4);
· Benefits and challenges from a regulatory standpoint (Chapter 5);
· Conclusion (Chapter 6)


2	Abbreviations and Acronyms
5GC:			5G Core network
API:			Application Programming Interface
BSS/OSS:		Business Support System/Operation Support System
eNodeB:		4G wireless base station
EPC:			Evolved Packet Core
gNodeB:		5G wireless base station
HSS:			Home Subscriber Server
LTE:			Long Term Evolution
MNO:			Mobile Network Operator
MVNO:		Mobile Virtual Network Operator
NRA:			National Regulatory Authority
NSA:			Non-Standalone
PGW:			Packet Gateway
QoS:			Quality of Service
SA:			Standalone
SLA:			Service Level Agreement
VMNO:		Virtual Mobile Network Operator

3	MVNOs and steps of 5G deployment
This section describes two steps towards 5G, Non-Standalone (NSA) as an earlier deployment and Standalone (SA) as later one. NSA is now ready to deploy, and indeed NSA has already been deployed by Mobile Network Operators (MNOs) in some countries. This is in contrast to SA, the standardisation work for which is not yet finished and which is expected to roll out in 2021 or later. 

3.1	MVNOs in 5G NSA
In 5G NSA architecture, 5G deployment will be very limited, both in terms of its radio facilities and core networks. All 5G radio facilities (gNodeB) will be hosted by current 4G core networks (EPC) with minimal software upgrades.
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Figure 2. Anticipated interconnection model of MVNOs in 5G NSA
Figure 2 shows how an MVNO can be hosted by an MNO in 5G NSA, in a manner quite similar to that with 4G or earlier technology. Some 4G network nodes like the Packet Gateway (PGW) or Home Subscriber Server (HSS) might be operated by the MVNO itself under a commercial agreement with the host MNO as necessary to ensure the flexibility of services. In such cases, physical interconnections divide one core network into two parts.

3.2	MVNOs in 5G SA
In contrast to 5G NSA, 5G SA does not require 4G EPC, as all gNodeBs will be switched to 5G core network (5GC), and ditto for 4G radio facilities (eNodeB). 5GC is expected to be built up as software-based functions on the computing resource platform, like cloud-based applications, using virtualisation technology.
A software-based 5GC, also known as a ‘network slice’ or simply a ‘slice’, can be distinguished because an MNO can configure a dedicated 5GC virtually for a certain application to ensure the requested QoS from one end (terminal) to the other end (application server). That is one of the key benefits of 5G, alongside ‘ultra-broadband’ etc.
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Figure 3. MVNOs in 5G SA
From an MVNO point of view, there is no justifiable reason to divide one ‘slice’ into an MNO’s part and an MVNO’s part. That would diminish end-to-end QoS guarantees. So all MVNO stakeholders may have to forge other cooperation models between MVNOs and their host MNOs that are different from the current interconnection model.

4	New conceptual models of virtual telecommunication operators
4.1	Light VMNO
Considering the broad use cases anticipated in the 5G era and the various QoS levels that those use cases could require, the most important thing for the providers of 5G services, not only MNOs but MVNOs as well, is flexibility of QoS. However, the traditional approach of MVNOs to obtain flexibility of service, which is to operate part of the physical core network, will no longer be applicable in fully virtualised infrastructure.
CERRE, the European regulatory think tank, argues in its latest White Paper published in September 2019[footnoteRef:2] that Full MVNOs (“Deep MVNO” in the original document) may no longer be possible in the fully virtualised infrastructure of 5G. As an alternative, CERRE calls for the introduction of a new conceptual operator model named Virtual Mobile Network Operator (VMNO), under which VMNOs are granted access to the APIs provided by the host MNO to enable them to manage their own slice with the same level of flexibility as the host MNO has. That would enable VMNOs to offer adequate QoS levels for dedicated applications that provide high-value mobile solutions for particular industries or across industries (verticals). [2:  https://cerre.eu/sites/cerre/files/cerre_whitepaper_ambitionsforeurope2024.pdf ] 

Figure 4 shows the anticipated structure of VMNOs (for the sake of expediency, we call these “Light VMNOs” in the figure and in this report) and host MNOs.
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Figure 4. Anticipated Light VMNO structure

This structure allows Light VMNOs to manage their virtualised core network on the host MNO’s virtualisation infrastructure through APIs. At least two sets of APIs will be required, one for managing core network functions on an individual slice and one for managing slices themselves, including the ability to create new slices, delete unused slices, etc.

4.2	Full VMNO
The Telecom Services Association, one of four Japanese telecommunications industry associations, has called for the addition of another type of virtual telecommunications operator on 5G SA called the Full VMNO, with reference to the Light VMNO concept originated by CERRE. The call for this came during the public consultation held by the Ministry of Internal affairs and Communications (MIC) in September 2019 to consider how to ensure adequate MVNO access to MNO networks in 5G. 
The base technology for the Full VMNO concept is spectrum sharing. Even so, Full VMNOs could also be enabled from the progress of virtualisation. Figure 5 illustrates the structure of a Full VMNO.
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Figure 5. Anticipated Full VMNO structure

The difference between a Light VMNO and the Full VMNO concept proposed by the Telecom Services Association lies in ownership of the virtualisation infrastructure. Light VMNOs fully depend on the host MNO’s infrastructure, while Full VMNOs are independent of the MNO’s infrastructure except for the radio part. This would give Full VMNOs an opportunity to cooperate commercially with other wireless network operators with technical and operational independence from their host MNOs. Having this independence is a benefit of Full MVNOs in the current generation.
The MNOs that participated in the consultation made the following statements:
· There is no need for discussion on the technological aspects prior to the negotiations between MNOs and MVNOs, in order for the various players to create new value flexibly using their ingenuity and inventiveness, from the standpoint cultivating innovation and bolstering international competitiveness, including that of domestic vendors.
· When considering the openness of MNO networks, the consensus built through negotiations between MNOs and MVNOs should be respected first, and then ex-ante regulations should be configured if necessary, with respect to MNOs’ incentives to invest in infrastructure and innovation and with a close eye on standardisation trends and MNO’s technological developments.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]In terms of Full VMNOs, careful discussion is required because there are various concerns about serious risks—e.g., unplanned network interruptions, loss of service quality and security risks, due to lack of network management integrity, including capacity planning for the radio facilities, network admission controls based on SLA, etc.—if the core network is out of the MNO’s control.
The conclusion reach through the discussions, however, was that Full VMNOs and Light VMNOs are both ‘appropriate’ concepts for virtual telecommunications operators on 5G SA, as stated in the final report of the consultation published in February 2020, from the perspective of ensuring fair competition among MNOs and MVNOs and enabling MVNOs to develop high-value services in accord with 5G features. The report also noted that further consideration should be delivered when the development of 5G core networks by MNOs is reviewed after spring 2020.

5	Benefits and challenges from a regulatory standpoint 
The two VMNO concepts described in Chapter 4 are under consideration and have not yet fully taken shape. However, some benefits and challenges from a regulatory standpoint have been pointed out by CERRE and the Telecom Services Association.
5.1	Benefits
CERRE argued in its White Paper that the new wholesale structure generated by VMNOs has the potential to deliver a vibrant level of competition on the retail level, for businesses and consumers alike, because the number of VMNOs is anticipated to be much larger than the number of MNOs, which is likely to only be a handful in most countries owing to limited availability of radio spectrum.
It is presumed that both types of VMNOs would have the same degree of flexibility in services as MNOs have, including the ability to ensure prescribed QoS levels to meet customers’ demands. The Telecom Services Association stated that this flexibility would accelerate the introduction of many innovative solutions across different markets. From this perspective, the Telecom Services Association also claimed that VMNOs should be able to solve issues in 5G deployment, not only in terms of high-value solutions for particular industries or across the industries but also issues facing SMBs and local businesses in rural areas. 
Full VMNOs may play an important part in launching ‘local 5G’ in the domestic market. Full VMNOs can serve all requirements including SIMs, terminals, core network functions, BSS/OSS, and connectivity outside the local site to the local 5G operator, without sticking to certain existing wireless network. The Telecom Services Association has developed the idea that Full VMNO, as local 5G enablers, will create new telecommunications businesses with local 5G operators, who will typically be landowners—such as stadiums, hospitals, hotels, factories, and the like—that hope to provide high-quality private connectivity across their properties. Regulators may consider lowering the bar to Full VMNOs becoming local 5G enablers.

5.2	Challenges
In terms of Light VMNOs, the most important challenge is the openness of APIs. CERRE pointed out in a paper[footnoteRef:3] published in 2017 that the timely availability of a common set of APIs implemented across the networks of multiple MNOs is essential for the ecosystem of VMNOs to flourish, and the Telecom Services Association also expects the set of APIs to be open, standardised, and wide enough to ensure the same degree of services flexibility as MNOs have. Regulators may take appropriate action to drive the standardisation process forward. [3:  https://www.cerre.eu/sites/cerre/files/170330_CERRE_5GReport_Final.pdf ] 

The Telecom Services Association also claimed that spectrum sharing is another key technology for the deployment of Full VMNOs. ITU-T Study Group 3 may consider the necessity to advance current or further study to adapt spectrum sharing to Full VMNOs.
For both types of VMNO businesses, regulators may consider addressing the existing challenges of current-generation MVNOs in their local market, including establishing reasonable licensing regimes, introducing facilitation mechanisms and dispute resolution mechanisms between MNOs and VMNOs, and so on. Furthermore, regulators may engage appropriately to maintain or improve the competitive environment if necessary.

6	Conclusion
5G is still in its infancy and all members of the mobile telecommunications industry will be seeking new use cases potentially suited to 5G specifications. But there is as yet no clear vision on what a killer 5G application will look like and how it can be developed in the market. In addition to this, providing help with 5G to an enormous number of verticals is arduous work for all. It requires more and more providers in the market to work at a rapid pace.
This report has sought to present new and persuasive concepts of virtual mobile telecommunications operators as potential alternatives to the current generation’s MVNOs. While these VMNO concepts have not yet fully emerged and currently remain under consideration, they could have substantial potential for producing the killer 5G applications and productive verticals in industries that are needed for successful deployment of 5G.
There are some challenges for NRAs down the line:
· Determining the necessity of intervention between MNOs and VMNOs to maintain or improve the competitive environment in the market.
· Determining what the appropriate actions are to advance standardisation work on APIs for Light VMNOs
· Determining the necessity to lower the bar to Full VMNOs becoming local 5G enablers.
Before addressing the challenges, NRA must have good foresight. This means recognising what will happen or how developments are likely to unfold. 
This report may assist in facilitating better recognition and understanding in this regard.
_______________________
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