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Abstract

Cumucore is an Aalto startup originated from the research project SIGMONA. Cumucore offers software based virtualized evolved packet core solutions. The research question they brought us was how to bring their solution to the market.

In this work we apply three major methods. First, we make use of the Scenario planning method for analyzing the industry and sector of our case company and develop several plausible future scenarios according to basic trends and key uncertainties. Next we apply the Value Network Configurations (VNC) method to obtain value networks in which our case company could follow business activities. Then we apply the STOF business model framework method to analyze the business model of our case company. Finally, we provide with some recommendations for our case company on how to best prepare and act in order to capture the most value possible in the given circumstances.
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1. Introduction

Today we are experiencing the trend of Internet of things and virtualization. As enterprises in the industry are improving their businesses by using sensors and machine-to-machine connections to get real time data from the field, the demands for the network may not be able to be served well by traditional mobile networks offered by mobile network operators due to unique traffic profiles of these connections. Virtualized EPC offers possibility to fast deploy LTE networks with settings that can serve the requirements of these specific traffic profiles but it also offers major and immediate cost savings for mobile network operators. (ACG Research, 2015)

This report tries to figure out how Cumucore, a company that is offering virtualized EPC solution, can bring their service to market. This report includes the case description, theory of used methods, analysis and finally conclusions with recommendations. The theory of applied three methods, scenario planning, value network configurations and STOF model, are described in the methods section. The case analysis part then applies these methods to come up with a feasible business plan for the company.

As a result, this report explains why Cumucore should target MNOs in developing countries but also MVNOs that can be any organization willing to have their own private mobile network. It also explains why Cumucore should act fast and get market share quickly even if it’s not making money at the beginning. Additionally, possible partnerships and the dilemma of applying SDN are discussed in the report.
2. Methods
In this section we present an overview of the methods used during the course and applied for the analysis of our case company. The methods used provide a multilevel analysis from the industry level with Scenario Planning analysis (Schoemaker, 1995), through the inter-organizational level with Value Network Configuration analysis (Casey et al., 2010), to the firm’s business model level with the STOF Model analysis (Bouwman et al., 2008).
2.1. Scenario planning analysis
Scenario planning is a tool for strategic thinking and planning with the ability to capture a wide range of future possibilities that organizations can use to make flexible long-term plans. The method aims to compensate for usual errors in decision making such as overconfidence and tunnel vision by a series of likely future scenarios constructed based on basic trends and key uncertainties. (Schoemaker, 1995)

Scenario planning method consists of ten steps to construct the scenarios. Listed in order these are: define the scope, identify major stakeholders, identify basic trends, identify key uncertainties, construct initial scenario themes, check for consistency and plausibility, develop learning scenarios, identify research needs, develop quantitative models, and evolve toward decision scenarios. All these individual steps can be compressed into four steps: setting the scene and scope, identifying key trends and uncertainties, scenario construction, and quantitative modelling.

In the first step, time frame, scope and decision variables are defined, and major stakeholders are identified. Then basic trends and key uncertainties related to the business area are identified and examined. Key trends are important forces whose consequences have not yet unfolded. Key uncertainties are important forces whose outcomes are not very predictable. This provides the grounds for constructing the scenarios. By selecting the two most important key uncertainties and crossing them, the scenario matrix is constructed. The scenario matrix helps develop four possible scenarios where the impact of other key uncertainties and trends is also added. These initial scenarios need to be revised by assessing internal consistency and plausibility, and stakeholder behavior. The scenarios then can be refined with quantitative models.

The final scenarios are then used for making strategic decisions that ensure the company’s performance in the different futures defined by the scenarios; efforts are usually focused for the most likely scenarios.

2.2. Value Network Configurations
The VNC method is a tool for a structured and thorough analysis of possible Value Network Configurations that could emerge in the value creation activity through services and products. VNC analysis defines the technical design variables and interfaces needed for delivering the service offering and the business actors and their relationships for the value creation. (Casey et al., 2010).

Value networks consist of a set of interlinked business actors and technical resources that work together to create economic value through services and products. Business roles link business actors to technical components. A role is a set of activities and technical components, the responsibility of which is not divided between separate actors. In the value network there are essential or vital roles that provide their actors a strategic advantage in which they can gain more control and take on other roles in the value network. The outcome value network configuration is the result of the different business actors taking on business roles and establishing technical and business interfaces with each other.

The analysis method of VNC addresses both financial and non-financial value. Every business relationship includes contractual activities between participants and the exchanges of knowledge and intangible benefits. The first step of the analysis process is to define the possible functional roles that actors can take. Here technology plays a key role since the technical components used in the value network determine the creation and disruption of roles within the value network - technical component is defined as a collection and realization of technical functionalities, including the technical interfaces to other technical components. Once the different roles have been identified, these are mapped along with their technical components into a diagram that shows the business transactions and exchanges that occur between the different roles, and the technical interfaces needed for resourcing the technical components required for delivering the service. Then different value network configurations are investigated considering what roles are taken by what actors in different conditions. The roles taken by the actors in the value network define the value network configuration and the way actors create and capture value within the business network.

Along with the more traditional business transactions, intangible exchanges are also mapped. Intangible exchanges refer to knowledge and benefits exchanges that support and build relationships between the actors involved; they make up for the perceived deficit of monetary exchange. These exchanges play a key role in creating trust and opening pathways for innovation and new ideas. Value network analysis makes visible these kinds of intangible exchanges that traditional business practices usually ignore.

A value network configuration becomes feasible when all the actors involved in the value network provide and capture value - either monetary or non-monetary – in a balanced or satisfactory way (for all the parties involved) when delivering the service/product.

2.3. STOF Method
The STOF business model framework is a practical tool that derived from academic research that resembles a checklist of relevant factors to consider in business models including their interrelationships in a complex innovation process. (Bouwman et al., 2008). Here we understand business model as a blueprint of how a network of cooperating organizations intends to create and capture value from new innovative products or services. The framework presents a holistic view of the business model design of an emerging service idea. It can help in identifying the key weaknesses of a business model which could cause a service to fail as well as the strengths of a service. Identifying these issues in an early phase makes it easier and cheaper to react to any problems and to approach the right market segments by right timing, differentiation and pricing. This method requires wide techno-economic skills, and it is typically done by a group of experts working in different fields.

The STOF business model framework evaluates business models with a four elements approach or domains: service domain, technology domain, organization domain and finance domain. Figure 1 shows the STOF business model domains. A comprehensive view of business model design is achieved by analyzing these four interrelated domains. The framework focuses on customer value and the technical, organizational and financial arrangements needed to provide a service that offers value for customers and allows the providers of the service to capture value as well.

[image: image1] Figure 1. STOF business model domains (Bouwman et al., 2008)
The Service domain concentrates on the customer value of a product or service. The service definition presents the starting point for the analysis. The domain analyzes the service offering, value proposition and target group of the service along with some other concepts like context of use, ease of use and pricing of the service.

The Technology domain analyses the technologies that have to be implemented and used - or technology choices – in order to be able to provide the service. Technology choices are influenced by the requirements of the Service Domain.

The Organization domain analyzes the organizational issues that revolve around resources and capabilities mainly related to technology, marketing and finance that have to be made available to enable the service. The organization design describes the value network that is needed to realize the particular service offering.

The Finance domain describes the financial arrangements between the various actors in the value network. It shows how the value network intends to capture monetary value. The domain analyzes issues such as investment decisions, revenue models, costs and risk.

The STOF method consists of four design steps: quick scan, evaluation with critical success factors (CSFs), specification of critical design issues (CDIs), and robustness check. (Bouwman et al., 2008) Figure 2 shows the design steps in the STOF method. In the first step, a description of the service and the intended value proposition, a value network, a technical architecture and a financial model are presented resulting in the initial sketch of the business model. In the second step the viability of the Quick Scan result is assessed by the critical success factors. Critical Success Factors (CSFs) predict whether a business model will be viable, they are the limited number of areas in which satisfactory results will ensure that the business model creates value for the customer and for the business network. The initial business model is then refined in step three, by specifying the CDIs. Critical Design Issues (CDIs) are the design variables that are perceived to be of eminent importance to the viability and sustainability of the business model, they are the topics that need to be addressed in the service, technology, organization and finance domain of the business model. Finally, a robustness check of the business model with internal and external factors is carried out in step four. This step has to do with the ability of the business model to cope with changes in the business environment and the capacity to adapt to external influences.
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Figure 2. Design steps in the STOF method (Bouwman et al., 2008)

3. Case description

We performed the analysis on this report for our case company Cumucore. Cumucore is an Aalto startup, which originated from the SIGMONA project. The company aims to commercialize the findings of such research project carried along with partners like Nokia - Cumucore got permissions to use findings for commercial purposes. The purpose of the project was to provide a proof of concept of virtualized network function applications looking towards the standardization of 5G. The main product Cumucore offers and the one we have been focusing on is cloud-based evolved packet core (EPC). Basically Cumucore offers the first of its class software based LTE packet core to be deployed in the cloud including mobility, user management and traffic optimizations. Packet core software as a service to be integrated with or without Software Defined Networks (SDN). Cumucore provides with a software based solution for deploying LTE capability within minutes in a virtualized environment eliminating the requirement for specialized hardware. Cumucore’s solutions reduce the entry barriers for mobile network operators to monetize added value services, deliver IoT and dedicated slices of 5G networks with a click to enable new business models, provide technology designed to serve people and address the future society challenges and software platform to enable 5G core network functionality as a service.

Cumucore’s virtualized EPC replaces traditional hardware based solutions adding value with its flexibility and reducing investment and operational costs with the efficiencies cloud computing offer. Cumucore’s solution can be deployed in all purposes servers and scale up and down according to traffic load requirements. This is especially interesting for mobile operators without LTE capability that want to deploy LTE without engaging in a substantial investment on infrastructure. Cumucore offers packet core solutions elimination the downside of infrastructure investments and bringing the upside of cloud computing and its advantages to mobile operators.
4. Case analysis
4.1 Scenario Planning
In this section we analyze Cumucore's product with the scenario planning method explained in section 2. We identify scope of the analysis, major stakeholders, key trends and key uncertainties. Two most important key uncertainties are chosen and the scenarios are constructed based on them. These scenarios are used in the next sections for further analysis with VNC and STOF method.
4.1.1 Scope

Chosen scope is the virtualized packet core product that Cumucore offers. They also offer additional services but these were not included in our analysis. Time frame is chosen to be until year 2017 because that is the year they get the patent for the product if they can show proof of business. Developing countries are the target markets for this analysis.
4.1.2 Major Stakeholders

In general, major stakeholders for this analysis are the customers and possible competitors and partners. Customers include MNOs without LTE capability, new entrant MVNOs, one time operators (e.g. large scale events). Possible competitors and partners include companies such as Cisco or Ericsson that both have network equipment and also virtualized packet core products. Figure 3 illustrates relations between different stakeholders.
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Figure 3. Major Stakeholders (Bai, X. 2013)
4.1.3 Key Trends

Key trends in our analysis are:

1. People expect good connection everywhere (QoS)

People want to be able to use all the services with their smart phones where ever they are. This demands a lot from the network.

2. Operators are looking for ways to increase capacity, coverage and at the same time reduce operating costs

As more people are using phones, tablets and other cellular devices, the capacity of the network needs to be increased. Also coverage is important factor. But at the same time operators are looking ways to reduce costs. Virtualization is one way of using current hardware more efficiently.

3. Number of devices is increasing rapidly (IoT)

Many research companies have forecasted that there are around 50 billion connected devices in 2020. Many of these devices are connected to the mobile network.

4. Content consumption has been increasing (streaming)

People use streaming services such as Netflix or HBO more and more with their mobile devices. Quality of the videos is also increasing which puts a lot pressure on mobile networks.

5. New hidden players, such as NEPs, which the end-users cannot see are becoming stronger

Network equipment providers such as Cisco are developing products to get more deep service-oriented control over mobile networks.

4.1.4 Key Uncertainties

Key uncertainties in our analysis are:

1. What will be the competition level of the EPC market?

Current network equipment manufacturers can expand their offerings. Also new players such as software companies might develop their own vEPC software. If the competition level is high it is harder to sell your product to the customer and operators most probably get the best deal.

2. Will MNOs buy vEPC as a service or as a product?

If MNOs are willing to buy vEPC as a service, the company providing the service benefits from more steady income. Also they have the opportunity to develop the customer relationship further by selling additional services. In the case of selling it as a product they get a larger one-time fee and might get some kind of monthly maintenance based fee.

3. Will virtualization of LTE lower the costs significantly?

As operators are constantly looking for ways to lower their costs virtualization is one option to do that.

4. Will few NEPs, IT vendors or software vendors provide mobile infrastructure and technical support in the future?

At the moment few large NEPs provide all the equipment needed in mobile core network. Virtualization can change this because there won't be need for such large infrastructure investments as before.

5. Will the MNOs expand to the partly in-house Internet service or stay in providing mobile services?

As people demand faster internet connections mobile internet might not be enough. Mobile operators might expand their services also towards fixed connections.

4.1.5 Scenarios

First two key uncertainties "What will be the competition level of the EPC market?" and "Will MNOs buy vEPC as a service or as a product?" were chosen for scenario construction. Figure 4 illustrates the scenario matrix and four scenarios.
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Figure 4. Scenario matrix
Scenario 1: Long contracts
In this scenario the vEPC is sold as a service and the competition is low. Competition is between a few players. There are trust issues concerning the operation of the network.
Scenario 2: Act early

Here the vEPC is also sold as a service but the competition is high. There are many players offering the software, such as NEPs and IT & software companies. Some kind of differentiation is needed.
Scenario 3: Focus on differentiation

In this scenario the vEPC is sold as a one-time purchase (product) and the competition is low. On top of the one-time fee there can also be maintenance and service fees. Large firms with established customer relations dominate and high differentiation is needed to penetrate the market.
Scenario 4: Miracles happen

In this scenario the vEPC is also sold as a product but the competition is high. It is really unattractive market. Differentiation and innovation is needed in order to make any business.
4.1.6 Revised Scenarios

After discussion with our contact person from Cumucore we made some revisions to our scenario matrix (Figure 5). The major input from the contact person was that the Scenario 1 is unrealistic as operators are not willing to let other companies operate their mobile core. Most realistic scenario is Scenario 3: Focus on differentiation. Rough value distribution is shown in Figure 6. In the realistic case, Cumucore would benefit from the differentiation and gain more value than in scenario 2 or 4.
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Figure 5. Revised scenario matrix
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Figure 6. Value distribution in scenarios
4.2. Value Network Configurations
We created two different Value Network Configurations (VNCs) based on the scenarios “Long contracts” and “Focus on differentiation” in Scenario Planning. These VNCs were chosen because they view two alternative ways of offering Cumucore’s product to customers. “Long contracts” scenario is offering vEPC as service, whereas in “Focus on differentiation” scenario is offering vEPC as a one-time purchase product. In both VNCs the other uncertainty factor (the competition level) is low. VNCs are also focusing on offering their business to Mobile Virtual Network Operators (MVNOs) and to Mobile Network Operators (MNOs). Later on “Focus on differentiation” scenario VNC was revised and edited to be more accurate as well as present more technical view of the Value Network, because it was chosen to be the most realistic scenario for Cumucore.
Current vEPC and mobile network virtualization market is relatively new and many companies in the field can be seen as pioneers. In the future it is possible that bigger variety of different companies can start to offer mobile network virtualization solutions. These companies can be current Network Equipment Providers (NEPs) and software companies like Google or Apple that already have secured their foothold in the mobile phone/network business. But currently these companies have not entered the competition.
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Figure 7. Long contracts scenario VNC.
In “Long contracts” VNC, presented in figure 7, Cumucore is offering their vEPC solution as a service to MVNOs and MNOs. In this VNC Cumucore (software vendors) would be taking the responsibilities of managing MNOs and MVNOs EPC operations or atleast the control plane traffic going through their vEPC solution. Control plane traffic would be completely virtualized and going through the vEPC, whereas user plane traffic would still go through non-virtualized elements and functions of the EPC. Providing vEPC as a service would also make customers less likely to switch to a competitor. This can be seen as a risk, when trying to penetrate the market, but can be relatively beneficial for Cumucore if it would be to success. If the customer doesn’t have its own infrastructure, buying vEPC as a service could be a valuable choice.
This scenario ended up being unrealistic as MNOs usually owns the core network that is used by MVNOs and it is very unlikely that they would let third party company to take control of their EPC network operations, unless a deal could be done that could greatly benefit the MNOs. Taking control of the EPC management could also be too risky for Cumucore, because of their limited resources. 
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Figure 8. Focus on differentiation scenario VNC.
In “Focus on differentiation” VNC, presented in figure 8, Cumucore is selling their vEPC solution as a one-time purchase product. Additionally there can be maintenance and service fees. In this VNC MNO and MVNO is in full control of their EPC’s both virtualized and non-virtualized functions and traffic. After vEPC has been deployed in MNO/MVNO EPC Network Operations only maintenance would take place in the technical interface between Software Vendors and MNO/MVNO. “Focus on differentiation” VNC is exactly the same as current state of the VNC in the market and implementing the vEPC to handle control plane traffic would have no effect on the roles of different actors in the VNC. Possibilities for offering additional services would be low as EPC is being controlled by MNO/MVNO.
Focus in this VNC should be on differentiation like Cumucore’s SDN capability that could offer benefits for MNO/MVNO. Differentiation is crucial for small start-up like Cumucore to achieve market penetration and reach enough potential customers. Differentiation can also be in the form of choosing a certain market area like focusing on developed countries or countries without LTE capability. Specializing on offering their product to these markets could be used to secure a good market position there. This could be done by having more tailored product to suit the needs of these customers and offering the solution for a relatively low price and without any kind of vendor lock-in. These factors could make Cumucore’s product very attractive option for them.  
[image: image9.png]Technical Interface

Business Interface

Cumucore's vEPC Software as
Product





Figure 9. Revised VNC

Revised “Focus on differentiation” VNC can be seen in figure 9. In this VNC the vEPC is sold as a product and the buyer is now the MVNO, who has ownership of its core network / EPC. In this case the MVNO could be represented by someone like Volvo, who would want to own their own LTE network to offer better services for their customers. In this VNC MVNO is leasing only MNO’s Radio Access Network capacity and the management of EPC is done by the MVNO. Challenge for the MVNO would be to negotiate a deal with MNO to have SDN ready switches in Radio Access Network, if they want to have SDN capable solution.
In all of the VNCs possible future relationship could be to partner with NEP to achieve better credibility through already established strong brand, which could help the market penetration process. Also being able to sell the product with SDN could offer benefits such as smart caching, better Quality-of-Service for IPTV and Internet of Things.
4.3. STOF method
In this section we use the STOF model to analyze and evaluate our initial business model that is based on scenario 3 “Focus on differentiation”. The structure of this section is divided into four domains of the model. Under each section we present the results of quick scan, go through important critical success factors and finally refine our findings based on critical design issues.
4.3.1 Service domain

Our service concept is to offer cloud based LTE technology to MNOs and MVNOs. It basically means that with vEPC our customer is able to launch their LTE network virtually leading to cost savings and better quality of service. The most important critical success factors under service domain that we need to get right in order for business to flourish are clearly defined target group and compelling value proposition. Next we will look into those aspects.
The most potential customers for Cumucore are MVNOs that are willing to deploy their own LTE network. Here MVNO are considered as operators that I willing to deploy a public LTE network with low costs but also and more importantly any company or organization that is willing to launch their own private LTE network. Right now IoT is becoming a huge trend and more and more companies are having all kinds of sensors capturing data in their products. By using their own virtualized private network, they would become independent of service providers. This would allow them to have have control over coverage, capacity, capability and allocation of resources (O’Leary, 2015). Potential MVNOs to target could be military, police departments, public utilities or any industrial enterprise like a car manufacturer.

In addition to MVNOs we also need to consider MNOs as potential customers. Cumucore’s software can be integrated with SDN and in order to gain maximum benefits, like automatic scaling of resources within the software, SDN switches would have to be installed to MNOs base stations. It is totally impossible that MNOs would allow us to install these SDN switches into their base stations without gaining anything. However if MNOs are willing to have SDN switches installed into their base stations, they would have also better changes of having new companies as customers who could rent spectrum from MNOs. Especially MNOs without LTE capability and new entrants, at least in developing countries like Africa and Latin America, are worth targeting.

In order for our business to be successful it needs to create value to our customers. For the mobile operators the biggest gains are the cost savings in terms of both capital and operating expenses. Virtualized networks are flexible and easy to scale so there is no need for hardware investments as adjustments can be done within the software. The energy savings will also be significant. Usually resources are designed for peak hours but with vEPC integrated with SDN the resources can be scaled up or down automatically within the software. It is evident that these benefits are real and immediate. Investment payback can happen within a few years as capex and opex savings can be over 60% (Affirmed Networks, 2015). Additionally, virtualized network can be deployed much faster than traditional network. Also industrial enterprises that have specific traffic profiles for machine-to-machine communication would benefit from having virtualized EPC that allows network to be customized and optimized for these specific needs (Brown, 2014).
4.3.2 Technology domain

Under this section we we verify that the technical implementation is able to support the intended value that was described in previous section. The critical success factor here is whether the service has acceptable quality of service to create customer value. All the technical components and interfaces were already explained in the VNC chapter so we are not going to explain that again.

Basically the main things here are that we have virtualized network functions that can be integrated with SDN to maximize the benefits. Also the software is capable to work on commercial off-the-shelf hardware. According to SIGMONA white paper (SIGMONA, 2016) all the benefits discussed earlier are present and quality of service can be guaranteed if NFV and SDN are combined. Here we have a big uncertainty since to our understanding the operators are not eager to change their switches in base stations to SDN switches if they are not using NFV. Therefore, targeting only MVNOs would mean that all these benefits wouldn’t come true. Then again, MNOs are skeptic about using technology that is not standardized. This means that more big scale testing would be required to convince MNOs. As it can be seen, we have two critical design issues here: trust and system integration. Do customers trust in Cumucore’s abilities? SDN needs to be integrated to get the maximum benefit and biggest value of the service.  

4.3.3. Organization domain

In this section we discuss the role of each organization that is playing an important role in our VNCs. Critical success factor here is whether the division of roles in the value network is clear. Note that we are also considering Aalto University as an important stakeholder here even that it’s not included in our VNCs.

Aalto University is currently holding the patent for the virtualized EPC. In order to get the patent Cumucore needs to show proof of business within one year. We also have the MNOs. They have two important roles in the value network. First of all they are potential customers but also the providers of radio access network for MVNOs. MVNOs role is simply being the customer. Cumucore is basically a software vendor but their role could also be service provider in case customers would be willing to buy the virtualization of network functionalities as a service.

At the moment Cumucore is manufacturing their own SDN switches so they are offering both hardware and software. However, we think that entering the market would be easier by bundling with a bigger network equipment provider who already have contacts and businesses with our customers. This way Cumucore might get more trust from MNOs and MNOs might be more willing to go for SDN/NFV combination. In this case Cumucore would offer the software and NEP would provide the hardware. Here it’s important to get our critical design issue of partner selection right. 

4.3.4 Finance domain

Under this section we discuss the financial arrangements in the value network. In order for business to be successful gains should outweigh the costs for all actors in the value network. The critical success factors here are whether the profitability and risks are acceptable or not. 

At the moment Cumucore is not profitable. There are no revenues but if the proof of business can be shown to Aalto University within a year, Cumucore will get the patent and the business is likely to be profitable. If Cumucore manages to get the patent after one year, Aalto University will own 2-3% of the company. Also according to contract other SIGMONA participants need to pay small licensing fees to Cumucore if they use the technology. Cumucore as a company is still an early stage start-up with limited resources. However, company is also self-funded and the costs are low. As there is no debt and the possibilities are huge we have acceptable risks from Cumucore’s perspective. 

Only risks in Cumucore’s point of view is the possibility of not showing the proof of business and losing the patent. This would be situation if the competition would be high and Cumucore as a small company couldn’t find customers. We think that the most important thing for Cumucore is to gain the patent by setting their prices low enough. 

In the value network the potential cost savings for MNOs and MVNOs seem to be immediate and the payback time of the required investments can be surprisingly low (Affirmed Networks, 2015). Therefore, we have acceptable profitability in the value network. There has been discussion about security risks when we have NFV with SDN. These issues have been addressed by the SIGMONA white paper (SIGMONA, 2016) and possible solutions have been given. Also operators may consider this technology as a risk since it has not been standardized. It may well be that traditional MNOs are not going to go for the new technology before it has been standardized. Still we feel that the risks are acceptable and this virtualization is going to happen no matter what. As the industry is pushing for Internet of everything and cost savings for operators are evident the MNOs may feel pressure to move on to NFV with SDN even faster. 

5. Conclusions

Our recommendation is to focus on getting the IPR first since it is crucial part of the business and without it there is no business. To be able to get the IPR from Aalto Cumucore has to provide proof of business and MNOs without LTE capability in developing countries can be seen as an attractive target customer group. These MNOs might be more open for the idea to buy the solution from a start-up company, if the price is right and there are no big switching costs. Companies wanting to act as MVNOs could also be seen as a possible customers in the future, if they want to establish their own network for relatively low price and they might also be more open for adopting the SDN's non-traditional tunneling solution. Companies like Volvo or Google could be interested in owning their own network to offer additional services with their products. Also Joikusoft has informed to be interested in possibly buying services from Cumucore. We also believe that selling the solution as a product with maintenance and service would be the most feasible option.

We believe that it is very important for Cumucore to be able to differentiate in the market, so they could be distinguished from their competition to be seen as a serious challenger with good offering. Differentiation can be in form of technical concept like their solution offering SDN and NFV or they can try to differentiate by focusing a more niche market areas like developed countries and tailor their solution to be more fitting for customers in this area, so they would be seen as a more attractive option. Partnering with large NEP vendor would also help a lot in market penetration by having the support of big already known brand that could give more credibility to a small company. NEP vendors could also provide OpenFlow switches to operators, which could lower the gap of adopting new switches for the operator (having more credibility than current switches working on Raspberry Pi).
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Feedback for the course

This was an excellent learning experience, it was very didactic and self exploratory course that allowed us to play consultants. The workload was suitable for the amount of credits of the course, and the assignments and deadlines were properly distributed along the duration of the course and the academic schedule. The theoretical lessons were short and right to the point, which was perfect for a kick start of our project and work on our company case. However, the presentation sessions felt too long and exhausting, they were very mentally and physically demanding. This could be improved by splitting the groups and having two sessions of 2 hours instead of one session of 4 hours. Regarding the methodology, we believe that the scenario planning method and the STOF method were well suited for the analysis of our case company, however, the VNC method did not suit the study of our case company very well, and we had to make certain arrangements in order to be able to apply the method for the purposes of the course. One improvement we believe could be very interesting is to invite a professional consultant to guide us better on how to approach the communications and knowledge exchange with the case companies.
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