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Abstract- Net neutrality is defined as the concept in which 

internet service providers are obliged to treat all data streams 

equally, independent of which application, service, device, sender 

or receiver is involved. They are as such forbidden to block, 

throttle or alter data traffic over their networks. The current 

debate about net neutrality rises important questions about if 

and how it should be implemented by law. This research 

summarizes the current regulations regarding net neutrality in 

the EU and US and finds that some operators breach the concept 

of net neutrality to keep their network free of congestion. A 

study about video on demand is used to analyze both these 

violations and certain approaches under net neutrality in order 

to see which scenario offers the greatest benefits, both from an 

operator’s, as well as from a regulator’s perspective. The results 

are computed using a game theoretic approach and from these 

results recommendations are subtracted that can be presented to 

regulators. The study finds that net neutrality should be enforced 

by law to prevent the decline of competition and innovation on 

the market. 

Keywords- net neutrality, game theory, telecommunications, 

congestion, video on demand, techno-economic analysis 

 

I. INTRODUCTION 

The concept of net neutrality (NN) does not allow internet 

service providers (ISP) to differentiate the traffic on their 

network. Both proponents and opponents of NN have valid 

arguments [1]. In general the ISP are opponents of the NN 

laws. They argue that the increasing bandwidth demands of 

Over-The-Top (OTT) applications are growing beyond their 

ability to invest in new networks. As a result they have to 

throttle certain applications to keep their network free of 

congestion. The proponents of NN are the providers of OTT 

applications. They believe that ISPs have no right to throttle 

and block their applications and that the ISPs can easily pay 

for their network expansions using only the revenues from 

their internet subscriptions.  

This research first summarizes the NN regulations (Part 

II.A) and violations against it (Part II.B), which are used to 

create the scenarios (Part II.C). Then the results of the basic 

net neutrality scenario will be discussed (Part III). Next, the 

results of the basic net neutrality scenario and the other 

scenarios are compared to each other (Part IV). The last part 

(V) draws the conclusion of this work and gives insight in 

further work. 

II. NET NEUTRALITY 

A. Definition and laws 

The definition of net neutrality can be summarized as the 

right of users to choose which application, hardware and 

service they use and that the ISP cannot alter, block and 

throttle their data streams no matter who the sender or 

receiver is [1]-[3]. 

In general the regulators of each country try to realize rules 

that encompass at least [1]: 

§ Transparency of ISP regarding their policies. 

§ A no-blocking rule. 

§ No discrimination of competing services. 

After the EU found that a wait and see approach, in which 

competition should regulate the market, did not stop ISPs 

from violating the concept of net neutrality, they created a 

legislative framework to preserve the open internet [4]. The 

EU is working on these rules, that contain the above points for 

net neutrality, but still needs approval from the European 

Council to pass such legislation. 

In contrast, the rules that were put into place by the US 

regulator were rescinded in court because of the lack of 

authority the regulator has in this field. Right now, the US 

regulator is forming new laws that contain a vague definition 

of commercially acceptable practices [5]. Such a definition 

could result in discrimination of competing services, which 

would go against net neutrality’s expectation of a non-

discrimination rule. 

B. Violations against net neutrality 

Some ISPs used deep packet inspection (DPI) technology to 

differentiate one data stream from another so they could 

throttle, block or charge access to certain applications. A few 

of these practices lead to the creation of no-NN scenarios:  

-Trying to dominate the market by giving preferential 

treatment to its own services: in Germany the ISP Deutsche 

Telekom decided to put data caps on all traffic, but exempt its 

own services from counting toward this data cap [6]. This 

effectively puts the ISP’s services in a better position, as 

customers can consume more than they could with any other 

service. 

-Charging an extra fee for the use of competing 

applications: the Dutch ISP KPN planned to charge users of 

the application Skype because the ISP’s customers preferred 

its cheaper calls [7]. 

-Receiving payment for giving preferential treatment: the 

American ISP AT&T tried to make Google pay so its data 



would reach customers faster than the data of other companies 

[8]. 

C. Scenarios 

Next to three no-NN scenarios derived from the net 

neutrality breaches in the previous section, two NN scenarios 

will be discussed. One of them represents a basic scenario to 

which the other scenarios are compared to. The other will 

represent the scenario in which the ISP will upgrade his 

network. This upgrade will be done through node splitting, 

which has been utilized by Belgian ISP Telenet to increase 

their network capacity [9]. 

All these scenarios are analyzed against the same 

background: the players will compete with their prices on a 

video on demand (VOD) market. Since the OTT still has to 

enter the market, the ISP initially holds all customers. The ISP 

has just enough capacity on his network to serve his initial 

customers. This assumption is taken from the complaints of 

the ISPs that their networks are barely coping with the current 

data traffic. As a result, the growing data use of VOD services 

will cause congestion to rise each year, if the network is not 

upgraded. 

The scenarios that are evaluated against this background 

are: 

-Basic NN: in this scenario the ISP will not expand his 

network. As a result congestion will become a bigger problem 

as applications require more bandwidth over time. Bandwidth 

is distributed evenly over the players. 

-Network upgrade: the network upgrade will be a large 

investment for the ISP, but in return the congestion will be 

gone. Bandwidth is also evenly distributed over both players. 

This scenario is modeled after Telenet’s network upgrades. 

-Dominant ISP: there is no NN here. The ISP will give his 

customers all the bandwidth they need and give the rest to the 

OTT application. This will result in massive congestion for 

the OTT. The recognition of OTT customers will require DPI 

equipment. This resembles the dominant use of power by 

Deutsche Telekom. 

-Service access fee: in this scenario, the ISP will install DPI 

equipment to identify OTT customers and charge them an 

extra fee. The bandwidth is evenly shared by both players. 

This is similar to KPN’s charge for the use of Skype. 

-Preferential distribution: the ISP will use half of his 

bandwidth capacity to create a fast lane on his network. 

Customers who are willing to pay the preferential distribution 

fee will receive access to this fast lane and get extra 

bandwidth for their VOD service. The OTT may choose to 

buy any remaining capacity on this fast lane and distribute it 

among its customers. Normal customers will suffer more 

congestion as a consequence of this fast lane. This scenario 

can be compared to AT&T’s aspirations to give preferential 

treatment to Google’s data at a price. 

In the next part, the results of the basic net neutrality will be 

analyzed. After that, the results of the other scenarios will be 

compared with each other to make conclusions about the 

choices of the players and the recommendations for the 

regulator. 

III. ANALYSIS OF THE BASIC NET NEUTRALITY SCENARIO 

For each scenario the net present value (NPV) of the VOD 

revenues are calculated together with the amount of customers 

for each player after 10 years. The division of the customers is 

calculated by an existing model [10] that uses the initial 

market shares, the prices, the market’s churn and the market’s 

price elasticities. The effect of the congestion is modeled as an 

artificial price increase that reflects the customer’s 

unhappiness with the situation. The market division provides 

the customers that drive the income of the VOD service. The 

price choices of the players are derived using a game theoretic 

approach. When each player makes the decision that is best 

for him, the Nash equilibrium is found. The Pareto 

equilibriums show strategy sets where players cannot alter 

strategy without both increasing their gain and not decreasing 

the other player’s gain. These equilibriums are calculated to 

check if the Nash-equilibrium does not produce a suboptimal 

solution. If the Nash equilibrium is also a Pareto equilibrium, 

there is no problem. The game matrix for the basic net 

neutrality scenario is shown in Figure 1. 

 

 

Figure 1 Game matrix for the basic net neutrality scenario 

The Nash equilibrium for both the NPV and amount of 

customers are shown in grey, while the Pareto equilibriums 

are written in bold. The high prices are indicated by the letter 

‘H’ and the low prices by ‘L’. 

The Nash equilibrium for the NPV shows that the ISP will 

use a high price and the OTT a low price. The reason for the 

ISP is that he starts with all customers and gains a lot of 

revenues this way. The impact of the low price results in the 

OTT attracting most free customers. The amount of customers 

he gains this way increases his revenue more than adopting a 

high price and attracting less customers. The optimal price for 

the OTT turned out to be the maximum price at which the 

OTT still received all free customers. 

Since the Nash equilibrium for the NPV is different than the 

Nash equilibrium for the amount of customers, the regulator 

will have to take measures if he wants to achieve the best 

behavior for maximizing the market. The influence of 

congestion decreases the market size up to 12%. This effect is 

clearly visible in Figure 2. This indicates that the regulator 

would prefer that the congestion problem is solved. 

 

 

Figure 2 Customer distribution under basic net neutrality where the 

ISP uses a high price and the OTT a low price 

IV. COMPARISON OF ALL SCENARIOS 

Figure 3 shows the results for the Nash equilibriums for 

both the NPV and the amount of customers in all scenarios. 

The preferred scenario for the ISP is shown by the grey area, 

the Pareto equilibriums are shown in bold. 

H € 1.180.403.549 € 238.821.632 € 1.061.502.664 € 238.688.488

L € 1.131.206.376 € 255.530.741 € 1.028.475.470 € 260.859.049

H 22,16% 14,40% 28,56% 14,40%

L 18,77% 24,31% 25,67% 24,70%
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Figure 3 Nash equilibriums results for all the scenarios 

If the ISP is left a choice of scenario he will pick the 

dominant ISP scenario. The equipment cost for DPI 

installation is only a mere 0.3% of the VOD income and is 

easily paid by the ISP, making this a viable option for the ISP. 

This is by far the worst scenario in the eyes of the regulator, 

because he wants to preserve competition. The dominance of 

the ISP will result in the OTT leaving the market. As a result 

it is recommended that the regulator restricts the use of this 

scenario.  

The strategy set for the Nash equilibrium is the same in 

each scenario. As mentioned when discussing the results for 

the basic net neutrality scenario, the ISP will stick to the high 

price because of his high initial market share, while the OTT 

will choose a low price to attract more customers. Further 

analysis of the prices and initial market shares showed that the 

strategy set would change to LH if the initial market share of 

the ISP would decrease by 14%. 

If DPI equipment is prohibited, the ISP will not upgrade his 

network if he cares more about his profits than he does about 

his customers. However, the results for the network upgrade 

scenario show that the ISP can easily pay the investment with 

its internet revenues. This outcome invalidates the ISP’s 

argument that they can no longer keep up with the investment 

costs caused by increasing bandwidth demands. On the other 

hand, the OTT does provide about 50% of all data on the 

network, giving strength to the ISP’s argument that the OTTs 

are part of the congestion problem. 

V. CONCLUSION 

This paper aimed at researching the impact of net neutrality 

on the options an ISP has to deal with congestion and loss of 

income due to OTT applications. In the process 

recommendations were made for the regulators on how to 

implement net neutrality laws. The results of the analysis of 

all scenarios showed that all no-NN scenarios increased the 

revenue of the ISP. This indicated that the ISP would prefer 

these scenarios over NN. When NN is demanded by law, the 

ISP will not expand his network if he cares more about his 

revenues than the amount of customers. 

The price choice of the OTT was shown to be optimal when 

he attracts all free customers to his service. The ISP will 

always choose a high price because of his initial market share. 

Further analysis showed, however, that the price choices were 

dependent on the initial market shares for the players. 

Network expansion cannot be funded by using temporary 

no-NN scenarios that provide additional income resources. If 

the assumption that node splitting is an appropriate solution to 

the congestion problems, the ISP could easily pay for this 

upgrade himself, effectively disproving their argument that 

they cannot keep up with bandwidth demands.  

This research recommended the regulators to apply NN to 

their rule frameworks to prevent the dominance of the ISP and 

to impede the use of no-NN scenarios that hinder competition 

and innovation. 

Further research can be done on this topic by expanding the 

amount of players in the game or changing the assumption 

that both players provide an equal service. 
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Total 

percentage of 

customers 

after 10 years

ISP OTT ISP OTT

Basic net neutrality € 1.131 € 255 25,67% 24,31% 49,98%

Network upgrade € 982 € 308 29,99% 32,94% 62,93%

Dominant ISP € 1.323 € 25 42,96% 0,00% 42,96%

Service access fee € 1.194 € 215 27,35% 20,95% 48,30%

Preferential 

distribution only ISP
€ 1.164 € 178 29,46% 16,20% 45,66%

Preferential 

distribution  both 

players

€ 1.119 € 226 24,48% 21,98% 46,45%

Net present value 

with strategy set HL 

(in million euro)

Percentage of 

customers with 

strategy set LL
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&"�$���

���)����������������	+)�����������$�	���	�	��#�%������������>�������������	������	����������
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	�$������� ���� ��$�� ������ ����� )���� ���� ��� ����	���� 	������ ���� ��� 	������	����� 	�� %"
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���� ����� ��������� )������ �� �������	������������ �������� ���� ���������#� %�)�� �������	�����

$������ �������	�� )	+�� 	�� ���� ������ ���� ��� ��������� ���� ��$���� �������� ��� �����	�	���������-�

���� ���� ���� ���������� ���� ������� ������� '��� ��������	+$� 
&"=�(� �	����� �� ������>��

�������	���������������#�

%�� �������	����� ���� ��� ��$���� �������� ������ ���� ���� ��� 
&"� ���� 	�$������� ��� $������� )���

������#�������������	�	��������������)�����������8�����	����������	+��	+$�������	�����������

������	����� 33#� %�� ����� �	����� 	�� ���� ��� ���	�)��� ���� ��� 
&"� ��� ����� ����� )	+�� �	+� ����

$�	+��$��� ���� $������-� ������ �	+� )����� ��� �1%8	�$������� ���� ��� 	�$������� ���� ���

�����	�	���������������	������#�

%�� ���	�	+$���� �������� ��� ����� 	�� ��� ��������� 	�� ��� �������	��� ���� ������� ������#� <��� 	��

��	���	+$����������������	���	����	�$�������)�������������������������$�������������������

�����#������	����������	����������$��������	����������	���������������-����������$�����������

	����	$$����� $��)�� ������� ��$��� ������� ���	���#� %	�� $��)�� ������ ��� ���� ��� �	+)��� ���� ���

�������������$����� 	�����������������������1%8���	��-�������$�������������������	������

���
&"�)	���	�����	���#�%���������������$����1�������$��)����$�������������
&"=������	+��	+�)	���

�	�� ������	���#� %�)�� $��)�� 	�� �����$��	+$� ���� ���� �����	�-� ���� ��$� ���� ��� �������	�� ��� ����

�����$��������
&"#�
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��)����������$�����������������$��)���������,;�������������	��	���������������	��������	�	������

������ �����$� 	�� ')	�� �#:# # (#� %����� ����� �	�� ���� �����	+$� ����)��$��������� ����

���$����	��� ����	��� ����	+� ����	$� $��� �����$�� ������ ���� ���� �����-� ��� ��������� ��� ���
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<�������$�D<�������$�D<�������$�D<�������$�D ����
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�������������$����	+$�����������������������������$��	+$��������	�����-��������������	���	�-�

����	������	������)���	+$������-�����������������������	���	�-������)�������������������#�
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��������������������
&"�'
�������&��	���"��	��(����������������������������������	�����

)	+�������$�������	�����-�)�������	+��	��������������������	������	+���$�������������������	+$��

��������	���$	+��#�

,���� ���� �	���� 	�������� ��� ��)�� ���	�	�	�� ��� ���� ��� ������	�� ���� ��� ������	��� ���� ���

�����$��#� ,� ���� ������������ ���� �� 	�� ��� ,;� ���������� ������� ��������$�� ������ �	��

���������	��	�� ������� ��������-� ���	+�� 	�� ��� �&� '����	���� &�����(� ���� ��� ������ ����

���������	��	���	��	����$����������#�5�����	�����,;�����	������&�������������$��������������

���������	�����������$�����-�����������������$$���������������������	���	�����������������

����������������������	��	�	�����������$�����#�6�����	������������)	+������������������

��������������������������)�����������������)	+������������	�	�����	������	���	�������$���

�������)	+����������	��������$�������������
&"���������#�9�	������	����������������������	���

)	�����������������������������������$�	+$����������
&"=�-��	����	+�	��)	+����������������������

��#�

0������������	+$� ����)��$� ������ ��� �������	��� ������� ���� ���� ����	$� ���� ��� ��� ��8��#�

%���	+�������$�$�������
&"=���	���������������8������������������������	�������������1���

'1��8���8���(�����	���	��#�%��������	+$����������	�����	�����������$������������

 # %��
&"=���	�����	����������������	+���8��-����	+�����1��=����	+����	�)��#�

�# ,���
&"�	����������	������)	+�������$��	�������	�����	+���#�

:# %��
&"�$������1������$��)�����������)	+��$�����������������$���	��	������������������

��������������	+�#�%��1���)����	�� �����������-��������	+��������	�������$�����������

�������������������	���	����	���	����������	����#�

!# ��8���)�������������������	����������������	�	�����	������	����������$�#�
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���	��� �������� ���� ���� ������� ���� �������	�� ��� 	�$���������	��� ���� 1��8����	���	��#� %��

�����������)	+�����1��=�-��	�����)	������������������	������������	������	�	������$�	+$�������

��� 
&"=�#� %�� 
&"=�� �	����� ���� ��� 1��8����	���	��� �	�� ���� �����$��� ������������ ���� ����� ����
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&"=����)���	���	�	���)����

�	�������$��������$���	���#�%��1��=�� ������������������������������ 
&"=����)���	���	�	���

)���� $������������������ ��� 	�$������� �������� 	������������������#� 1�$������� )�� ���� ���� ���


&"=���������������������	���	�����������������$$��������������
&"=���	����������������	��

���	������	����������$������$��#�

1���)��$� ���� ���������� ������ ���� �	��	+� ���� ���� ��� 
&"=�� )�$��� ��$�	+$��� ����	$��� ���

�������	��������������������������	�$���������	����������������#�%�)����$�	+$����	������	������

���
&"��

• %������	���	�����������1������������������$$����#�

• ,����>��������������������$��������	���������������������	���	������	$���#�

• %���	�������������������������$�����������	������#�


���	������)��$������������	����������	��������������$�������	+$��������)	+����������
&"�

��� 	�$���������	��� ��� �������	�� ���� 1��8����	���	��� ������ ��� ����� ����� ��� ��� ��8��#� %��

��������������������	+�$���������������������	����������������������$�)�����������#�%��������

������ ��������	����� �����$�� ���� ��� �������� ���� ���� ���������� ��� ��������� ���� ���

�����$���������	���������#�
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&"-�$�����������	+$�������	�=����������-��	�����


&"� )��� $������ 	������������ ���� ������	��� ���� ��� �������	�� ��� ���� 	�$���������	��#� %��

��������������	�=����������$�)������������	+$�������������
&"��

• 9��	����������	��	������ 
&"���	���)	+�������$��	����	������������������������������	+$�

���������������#�

• �����$�	���	�	������� 
&"���	���)	+�������$��	��������������
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���'��#��������(�)�������

������������	��������������������������$#�%���������������������	+$��������-�����

���
&"���������������	������	��#�

• %��	������
&"��	���	�������	����	������
&"��	����	�-������������	+�)	+���	����$�����������

����	���������1��#�6��������������������������������	���������1�������	+���������������


&"#�

• ��������$������������������	��������������	$�����������	����������1��-���������� 
&"�

���� �������� ���� ��� $������� ���� ��� 1��#� <��� �����$� ����� �	��� �	�����	�� ��� ���

�������������������	+$��������#�

• ���$����	��	���	��� $������� ���� ��� 
&"� �	�� ���� ������ ���	��	��� ������-� $������ ����

�%�� '���$����	��	���	�������	��(� �����������)�� �>��� ����������� ��� ��$	+���#�%��


&"����������������>	����B�S�����)	+�������	��	���	+#�%��������$������������	�����

�	����������������	�#�%��1���$���$	�)�������	+�����������������������������������

������������	�� ����	$������)	+���	����$����������������� ���	��	������� ����	��������

���������	�������$�����%������)	+��$������#�

������������������)�� �����	�=�� ������������������������	$� 	������������	���� ����#� 
���	��

����� ���������� ��� ��������� ��� �60� '������ 6�������0����(� ��� ���� ������� $������� ���  �� +���

���$���� ���� ��	��� ������#� %�)�� ������� ������ �	����$���� ���� ��� �	+�������	�*�� �	�� ���

���������������#�9�	���������������������	+����������������� ������	+������ ������	�#�������$�

�����	�� ������ ���� ����8�����	���� ��� ��� "����8�����	������ ����������#� %�)�� �����	������

������ ���� ���$�� $��)��� ��� ������� ���$���� 	�� ���� ����� ��� ���	�� ���� ��� �	��������	�-� �	�� ����
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����������� ���� ��� �60� ��� ���� ������� $������#� ,�$� �����	�� ���� ��� ��)�� ���	�� ��*��������

����� ��� �������� ���� ��� 1��� ���� ��� ��� �1%� '�	���� 1�� %�����(� ��$�� $���-� �	�� ������	�� 	��

������� 	��������� 
&"#�%��$�����������	��������������4����	�������������	+����$�����������

������������������������$���������������	$����$���������������	��	���	+�-�����	+������	�	��	����

���������$�������������������$����������� +���	+$��$�������	������������������	��#�<	��	��

���������	�����	+$������������$���������� ��+�������������$�����������	������������60��������#�

,�$�� �	+�����	���	�� ������ �	��	+� ���� ����� ��������#� %�� ����������� �	+)��� ���� ��$��

�	��������	��'�60�����������$������(������������������������������8�����	����������������#�
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�	�������	����)����������$����������)	+���	����$��������������������$���)	+���	����������	������

���������#�

;	��������������������������������4���$��������$����������	+$���������	�������$$���������

������)������)��$��������

� ���� ������ 	�� ��������8�����	���� 	�� ��$� �����	�� ����	+�������	������	+� ��� 
&"���������

�	+�����������������1������� ������	+�#�%�����	������	+���������1���	����)������	+����

1��� ���� ����� �	+�� $������� ��� ��� ��$�� ���� )	��� ���� ��$�#� %�� 
&"� ������-� ���� ����

��������	+$����	��	����������	+�-��������)	+���	+��)������������	+$����������#�%	�����������

�����)	����������������
&"�����������	����������������	�����$��	��������-���������	+�

�����������������)	+��	�$���������)������	�����������+���#�

� %����	����������	������������������	+���������4������������	�	�	*�����$���������#�6���

���� ��$��������� ���� ��� 
&"� ������� ����  !S-� ��������� ���� ����8�����	���� ���� ���

�	����	���������
&"�����������	+��)���������1�������������	+����������#�
��	�������������

�����	+)���$����������������	+�������������-�)�����������8�����	����������������������

+���������	���#�

� 6������
&"��	+�����$	�)������������������	�=�-�����)�����)��$	�)��������������	������
&"8

�����	�������)	�����)���	��������������	�������$��������1����	�������$��������#�
��	���

���������	��	������	��������-�����)������
&"����������$��	����	���	���������	+���$������

�	�����	��	�#�%	������$�������������������	��	�����	���������������������	+$����	$�����	���

����)�$��	+$� �����#�<�������8�����	�������������������$��������������� �	��� 	������	+�

���������$�	���	�	��������	�-����������������������������	+$�	���������
&"�������	����

�	���	��������������������$����#�

� 6���� ��8��8�����	�=�� ����	+� ��� 
&"� ��$��� )���� �������� �	�� �������-� )����� ���� ����

������ �	���� ���� ��� 
&"� ���� ��� ��8�����	�=�#� %	�� ������ ������� ���� �����  � ���� ���

�������	��� ���� ����� ����)��$� ���� ��#� 6��� ��� ������ $���� ���	���� ��� 1��� ���$����

	�$�����	�������8��8�����	�=�-�����������$�������������!#�

� %�� �����$�	���	�	��� $��� �	��� ��$���	��� ������ ���� ��� �>��� 	�$������� �	�� �������

������	����������	�=��������������$����������$����	��	���	�#�<���������������	������

�	+���	+$� �����	�� ��� ����	$��� ��� ��� ��)������� 	�$������� ���� ��� ������� ����

�����$�	���	�	���	���������������	�#�

� <������������������ 
&"=������)	+���������$�	���	�	����	�������$���������������������
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