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1. Discussion on Open Radio Access Platform and eMVNO service
Traffic volume in future mobile communication is expected to grow continually and huge investment may be inevitable. While the operator burden is growing exponentially, the revenue growth may not be so satisfactory if the operators rely on traditional type of mobile business. Therefore, mobile operators need to find a new business strategy.

Platform business is one of the preferred models in modern market. In order to be a platform provider, mobile operators need to open network resources and allow small business companies create their own service using the operator resources, such as spectrum, RUs (Radio Units) and DUs (Digital Units). Similar business model and radio access architecture have been discussed a lot in the past, such as [1][2][3]. In future market, it is prospected that new wireless technologies and services will emerge in accelerated speed, therefore incumbent mobile operators should be able to accommodate such market needs, as stressed in [4].
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.
Hence, eMVNO (Evolved Mobile Virtual Network Operator) service using open radio access platform is a suggested model that can meet such future demand. In open radio access architecture described in figure 1 below, third party companies (i.e. the platform users) may easily configure mobile virtual networks using the resources to create new service quickly and cost-effectively. It will also allow different radio wave forms of new technologies to pass through the access network transparently and transmitted using the shared spectrum. Therefore, lots of small companies are able to launch new wireless business without building their own network, and new market eco-system may emerge above the platform [4][5][6].
Such concept of resource virtualization and spectrum sharing, transparency to new waveform was difficult in the past because it requires physical level innovative design and flexibility. However, recent advancement of radio technology
 offers new opportunity for the platform business. Some use cases and requirements are proposed in following section.
*******************    proposed text start *************************

5.x. Use Case for Open Radio Access Platform
5.x.1 Description

The open radio access platform enables the third party companies (i.e. the eMVNOs) to borrow resources, such as spectrum, RUs (Radio Units) and DUs (Digital Units), from network operator (i.e. the platform provider) and to configure the mobile virtual network to create their specialized service. The eMVNOs are able to transmit and receive desired radio signals anywhere the radio access platform is deployed. Examples of such eMVNOs are start-up company, broadcast company, shipping and delivery company, government agency, or companies which support diverse IoT use cases with different QoS requirements (e.g. smart metering, V2X, remote drone control, mobile e-health).  It will reduce investment cost for the companies while the platform provider shares profit with the companies growing in the ecosystem. Figure 1 below shows an example of eMVNO service using the radio access platform provided by the network operator. 
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Figure 1.  eMVNO service using Open Radio Access Platform (ORAP)
5.x.2  Pre-conditions

In the use cases illustrated below, it is assumed that the Open Radio Access Platform (ORAP) of a network operator is densely deployed in a city area. Two companies, one is a drone development company and the other is a UHD TV broadcast company, want to use the operator’s network for delivering their services. The network operator provides APIs, and the companies use their own DU (Digital Unit) systems for accessing the resources available in the platform.

5.x.3  Service Flows
1. A venture company A developed very accurately flying drones and they want to commercialize it. However the company needs huge investment for building beacon network. Instead, the company A decided to borrow access network from the network operator B and build a virtual beacon network.

2. A restaurant owner C wants to open a hot-breakfast delivery service using the drone. The restaurant owner C purchases the drone from the company A and tries to fly the drone over a balcony of customers. 
3. When C operates the drone, the drone transmits initial service request signal. The signal is captured by a nearby base station, and be passed to the DU system of the company A via the access network. The drone company A requests ORAP resources and builds virtual network around the restaurant. The base stations configured for the beacon service periodically transmit signals. The drone flies to the target place precisely, and return to the restaurant using the beacon signal.
4. In another application, a UHD TV broadcast company D wants to deliver UHD live broadcast shows and advertisements of 1Gbps data rate. 
5. When a subscriber D turns on a TV in the living room, an initial service request signal is transmitted and a nearby base station captures the signal. The signal is passed to the broadcast company and the company D builds a distributed massive MIMO network around the subscriber. The group of RUs are configured to transmit UHD stream cooperatively to achieve high spectral efficiency.

5.x.4  Post-conditions

In the two use cases discussed above, the radio wave forms generated by the DUs of drone company A and the UHD TV broadcast company D have different characteristics. However the two signals pass through the ORAP network transparently
, and are mixed and transmitted using the same antenna and operator spectrum.
The exact amount of network resources the companies have used for the signals, such as time, frequency, number of antennas, are metered and charged by the network provider.
5.x.5  Potential Service Requirements
· It can be possible for mobile virtual network users reconfiguring network resources, such as the spectrum, antennas, nodes, to provide their services.
· It can be possible for mobile virtual network users to transmit and receive waveforms suitable for their applications via the base stations they configured.

· Different radio waveforms passed through the access network and transmitted via a base station simultaneously should be separated at the user terminal with minimizing interference.
5.x.6  Potential Operational Requirements

· It should allow equal opportunity for the mobile virtual network users to access the available network resources and provide a certain Quality of Service (QoS)
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� GFDM (Generalized Frequency Division Multiplexing)[7][8][9] or LSA (Licensed Shared Access) [10]~[13] are some emerging topics in the area


� 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.





