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1. Discussion on Waveform Transparency and Spectrum Sharing for eMVNO service
In future market, it is prospected that new wireless technologies and services will emerge in accelerated speed, therefore mobile operators should be able to accommodate such market needs.
Moreover, one of main drivers in the 5G mobile communications is massive Internet of Things (IoT). The vision of 5G is to support a great deal of growing use cases with massive number of devices which have a wide range of characteristics and demands, and hence 5G should meet diverse user requirements in the heterogeneous deployment of devices for various applications.
Such will require technology agnostic radio access network that can provide waveform transparency. Waveform transparency means an access property that different radio wave forms of new technologies to pass through the access network transparently using shared spectrum. Therefore, lots of third party companies (i.e. eMVNOs) are able to launch new wireless business without building their own network, and new market eco-system may emerge.
Such concept of waveform transparency and spectrum sharing was difficult in the past because it requires physical level innovative design and flexibility. However, recent advancement of radio technology, such as GFDM(Generalized Frequency Division Multiplexing), UFMC(Universal Filter Multiple Carrier) or LSA(Licensed Spectrum Access), offers new opportunity to provide such enhanced MVNO service. Some use cases and requirements are proposed in following section.
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5.x. Use Case of eMVNO Service Providing Spectrum Sharing and Waveform Transparency
5.x.1 Description

In this service scenario, the access network provided for eMVNO service is technology agnostic that the eMVNOs are free to develop their own device and access technology. The eMVNO #1 wants to provide high-fidelity voice communication service for fast moving vehicles, however the service that eMVNO #2 wants to provide is an UHD TV broadcast mainly for stationary home users. Since the waveforms appropriate for the services are intrinsically different, the base station #1 should have very flexible architecture to accept radio signals of different channel characteristics, physical numerology and signal strength.
In other challenging scenario, eMVNO #3 is an independent government agency, and it wants to use not only the different waveform, but its own base stations. Since the radio spectrum is shared with other eMVNOs, the base station #2 tightly coordinates the timing and frequency with base station #1 in order to minimize radio interference. 
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Figure 1.  eMVNO service providing waveform transparency and spectrum sharing
5.x.2  Pre-conditions

The eMVNOs may develop devices of new radio technologies. The devices of different RATs must be able to access common frequency band and system messages to identify essential system information.

5.x.3  Service Flows
1. The third party company, eMVNO #1 passes radio waveform data for Hi-Fi voice phone service to the base station #1.
2. Another third party company eMVNO #2 also transmits radio waveform data for UHD TV broadcast service. 
3. The base station #1 receives the waveform data and mixes them into a common shared spectrum in a way that maximizes resource utilization. 
4. The eMVNO #3 is an independent government agency. eMVNO #3 transmits waveform for drone control to base station #2.

5. The base station #2 negotiates the timing and frequency to share the spectrum with the base station #1, and transmits the signal with minimizing radio interference.
6. The base stations #1 and #2 capture uplink signals from devices of different RATs, and convert the waveform to digital data appropriate to carry in IP payload. The base stations transmit the uplink data to corresponding eMVNO systems.
5.x.4  Post-conditions

The amount of network resource usage of the third party companies are metered and charged by the network provider.
5.x.5  Potential Service Requirements
· 3GPP system shall provide waveform transparent delivery of radio signals for third party mobile operators in both uplink and downlink direction.
· 3GPP system shall provide technology agnostic radio access service for third party  mobile operators
· 3GPP system shall provide controlled sharing of radio spectrum for third party mobile operators who may or may not have their own radio access network.
.
 Note: Waveform Transparency means the property that accepting user information or signal waveform unmodified at its input and delivering it to output cell, unchanged in the form or information content
5.x.6  Potential Operational Requirements
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