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	Abstract:
	This TD contains the consolidation of C2 and C12.


1.	Introduction and Rationale
Many challenges remain for 5G and the future of MVNOs, yet MNOs in many countries have already launched 5G and some of them even have launched 5G SA or are now ready to launch. To bridge the gap, it could be apparently important to move this work item forward, with a particular focus on network virtualization/softwarization and MVNOs.

2	Proposal
The annex of this contribution is intended to be a new base text for the technical report on the work item STUDY_IMT2020MVNOs, replacing current C249 in the previous study period (2017-2020).
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[bookmark: _Toc110785330][Text to be drafted.]

1	Scope & IntroductionIntroduction
The shift from 4G to 5G services will transform the way in which Telecom/ICT ecosystem is functioning worldwide, as 5G will transform the business models across the length and breadth of every sector. The enormous potential shown by 5G will require realignment of the existing practices to ensure the benefits of 5G are availed without much complexities and disruption. At policy and regulatory level, the basic necessities required for 5G wireless networks have to be provided such as guaranteed availability of spectrum in a fair and responsible manner and provision of support infrastructure in a seamless manner
[Editor’s Note: Contributions encouraged from Member States]

2	Overview of MVNOs
The definition of Mobile Virtual Network Operator (MVNO) is widely accepted as a licensed mobile telecommunications operator without radio spectrum licenses and radio facilities (i.e., base stations) of its own that piggybacks on a host MNO with those radio resources. MVNO businesses can be 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 and after around 2000. In those countries, MVNOs continue to play their anticipated role as not only a provider of a variety of diversified mobile services for niche markets but also an actor for healthy competition in entire mobile markets, which have been fundamentally liable to oligopoly from finite resources of spectrum. Furthermore, there is also an innovator role because of their tendency to be relatively independent from geographical boundaries, physical networks, and existing mobile market structures.
This definition and these anticipated roles of MVNOs have not been, and will not be, affected by the evolution of mobile technology. However, the progress of network virtualization and network softwarization towards 5G will urge MVNOs to change their current ways of business how they piggyback on their host MNO, and the social acceptance of IoT applications will require the deep engagement of various MVNOs with a high degree of flexibility. Therefore, to formulate appropriate policies, some illustrated in Chapter 8, suited to each domestic mobile market, regulators need to recognize what happens now in relation to the MVNOs and progress of network virtualization/softwarization.

32	References
[To be drafted.]

43	Terms and definitions
[To be drafted.]

54	Abbreviations
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

65	5G deployment and MVNOsMVNOs and steps of 5G deployment
It is often said that there are two steps towards 5G, Non-Standalone (NSA) as an earlier deployment and Standalone (SA) as later one. NSA is now ready to be deployed, and indeed NSA has already been deployed by Mobile Network Operators (MNOs) in many countries, and applicable by many MVNOs in those countries. 

65.1	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 core 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.

65.2	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 virtualization technology.
A software-based 5GC, also known as a ‘network slice’ or simply a ‘slice’, can be distinguished to provide operators flexibility to create networks customised according to diverse requirements from the perspective of functionality, performance, isolation etc. The customer’s requirement for mobile service could be complicated, and well-placed in-between three representative services of 5G: enhanced mobile broadband, ultra-reliable and low-latency communications, and massive machine type communications. Thus, those dedicated flexibilities for the customers’ requirements are important so that an MNO can configure a customized 5GC for a certain application/use-case to ensure the requirement of QoS from one end (UE) to the other end (application server). 
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Figure 3. MVNOs in 5G SA
From MVNO point of view, those flexibilities are also imperative doubtlessly, then an MVNO can likely offer various and innovative services dedicated to certain customer. However, current interconnection model of piggybacking could undermine MVNO’s flexibilities because cooperation between MNO’s part and MVNO’s part of the 5G core network must be essential for end-to-end QoS guarantee that is requested by the customer.
So, all MVNO stakeholders must forge different cooperation models between MVNOs and their host MNOs, or improve current interconnection model thoroughly in order to allow MVNOs to ensure end-to-end QoS guarantee.

76	Conceptual Models of MVNOs Candidate architectures for MVNOs in 5G SA
76.1	Light VMNO
CERRE, the European regulatory think tank, argues in its latest White Paper published in September 2019[footnoteRef:2] that Full MVNOs (“so-called Deep deep-MVNOs typically own a part of the signalling and routing control infrastructure” in the original document.  There is no internationally united definition of “Full MVNO” yet.) may no longer be possible in the fully virtualized 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).	Comment by 本堂 恵利子: Suggested revision1 [2:  https://cerre.eu/publications/euambitions-digital/
] 

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 virtualized core network on the host MNO’s virtualization 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.

76.2	Full VMNO
The Telecom Services Association, one of four Japanese telecommunications industry associations, called for the addition of another type of virtual telecommunications operator on 5G SA called Full VMNO, with reference to Light VMNO concept originated by CERRE. 
The base technology for the Full VMNO concept is spectrum sharing. Even so, Full VMNOs could also be enabled from the progress of virtualization. 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 virtualization infrastructure. Light VMNO fully depends on the host MNO’s infrastructure, while Full VMNO is 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 MNO. Having this independence is a benefit of Full MVNOs in the current generation.

76.3	Evolved interconnection model
Full MVNO in current generation is technically based on the standardization of international roaming. Figure 6 shows current logical interconnections between home and visited operator in current LTE roaming scenario, and Full MVNO architecture in current LTE generation in comparison.
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Figure 6. International roaming and Full MVNO piggybacking in 4G LTE
So, it is intuitive to utilize 5G SA international roaming architectures as the technological basis of MVNOs in 5G SA. Figure 7 shows the network diagram of 5G SA roaming under study.
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Figure 7. International roaming architecture in 5G SA
There is as yet no commercialized use-case of 5G SA international roaming, so an MVNO and their host MNO should carefully observe the progress of the standardization work and its commercial deployments, so that they can utilize it as their own piggybacking measure. In addition, it is necessary to realize that managing/coordinating slices between both sides is out of scope of 5G SA international roaming so far. So, an MVNO based on this model should prudently negotiate with their host MNO how to operate slices across both networks if they wish to offer advanced and unprecedented mobile connectivity services with slice, for their customers’ requirements from the perspective of functionality, performance, isolation etc.

87	Policy, Regulatory and Economic aspects of MVNOs
The concept of MVNOs is to bring in optimization of telecom resources used, innovative business models at service delivery layer, and provision of value addition and differentiation in collaboration with MNOs. 
Some of the challenges seen in the ecosystem of MVNOs are,
1. Competition issues due to entry of MVNOs
2. Lack of collaboration between MNOs and MVNOs
3. Need for an enabling Licensing framework
4. Lack of technology know-how and other requisite skills
The IMT2020 networks with its unique features such as network slicing, optimization for specific SLA and QoS can offer a huge landscape for MVNOs. The role of MVNOs in the 5G deployment scenario has to be explored and the experiences of some countries in this subject can serve as a guide for other countries to plan the policies and regulations concerning MVNOs
[Editor’s Note: Contributions encouraged from Member States]

[bookmark: _Hlk117176986]9	Regional Case studies
97.1	Japan
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, Telecoms Services Association posed two concepts of VMNO simultaneously.
The MNOs that participated in the consultation made the following statements:
· There is no need for discussion on the technological aspects prior Prior to the negotiations between MNOs and MVNOs, MNOs would like to clarify the MVNOs’ request related to their services to be realized and practical architecture for connection by means of the open 5G SA functions.  Further, it is appropriate in principle to entrust business-based discussion to related operators firstly so thatin order for the various players to are able to create new value flexibly using their ingenuity and inventiveness, which is from the standpoint perspective of cultivating innovation and bolstering international competitiveness, including that of domestic vendors and the creation of innovation.  Related parties should not have discussion anticipating unspecified future technologies.	Comment by 本堂 恵利子: Suggested revision2
· When considering the openness of MNO networks, the consensus built through negotiations between MNOs and MVNOs should be respected first, and then ex-anteexamination of regulations should be configuredexecuted, if necessary, based on the contents of the MVNO guideline that respects the consensus building from the subject discussion between related operators while looking at the progress of technical standardization and related technical consideration by each MNO, and, as for the basic framework of unbundling, taking into account of the second class operators’ infrastructure investment and with respect to MNOs’ incentives to invest in infrastructure and innovation and with a close eye on standardisation trends and MNO’s technological developments.	Comment by 本堂 恵利子: Suggested revision3
· 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 reached through the discussions was that On the concept of both Full VMNOs and Light VMNOs are both ‘appropriate’ concepts for virtual telecommunications operators on 5G SA, the necessity of further consideration is recognized as stated in the final report of the consultation published in February 2020 , from the perspective ofto ensuring ensure fair competition among MNOs and MVNOs and to enabling enable MVNOs to develop high-value services in accord with 5G features. 	Comment by 本堂 恵利子: Suggested revision4
Further discussion was taking place between Telecoms Services Association and three major MNOs (NTT DocomoDOCOMO, KDDI and SoftBank) from March to May 2021. The conclusion of this discussion contained total five possible models, including two concepts of VMNO, one wholesale model with a minimum flexibility, and two evolved interconnection models (one is based on the technical standardization for international roaming, the details are shown in Section 6.3).	Comment by 本堂 恵利子: Suggested revision5
In response to this conclusion, MIC urged both MVNOs and MNOs to discuss individually in accordance with their commercial MVNO agreements, to deepen their mutual understanding, to remedy asymmetry of information across both sides, and to seek the way forward how MVNOs can launch their 5G SA services with the least delay from MNO’s 5G SA launch.

97.2	
[Editor’s Note: Contributions encouraged from Member States]

108	AfterwordConclusion
[Editor’s Note: Contributions encouraged from Member States]
_______________________
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