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a b s t r a c t 

Under strict net neutrality Internet service providers (ISPs) 
are required to carry data without any differentiation and at 
no cost to the content provider. We provide a simple frame- 
work with a monopoly ISP to evaluate the short-run effects of 
different net neutrality rules. Content differs in its sensitivity 
to delay. Content providers can use congestion control tech- 
niques to reduce delay for their content, but do not take into 
account the effect of their decisions on the aggregate volume of 
traffic. As a result, strict net neutrality often leads to socially 
inefficient allocation of traffic and traffic inflation. We show 
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that piece-meal departures from net neutrality, such as trans- 
mission fees or prioritization based on sensitivity to delay, 
do not necessarily improve efficiency. However, the ISP im- 
plements the efficient allocation when allowed to introduce 
bandwidth tiering and charge for prioritized delivery. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

The net neutrality debate has focused on the question whether users’ ISPs are allowed 

to prioritize certain types of services, and to charge content providers for the delivery of 
traffic, p ossibly dep endent on the type of content and the priority which is assigned to 
the data packets. The debate within economics has focused on allocative consequences 
of various net neutrality rules. Apart from vertical foreclosure concerns, possible ineffi- 
ciencies in the regulated or unregulated market may be due to market power, external 
effects between content providers and users, as well as negative external effects arising 
from congestion in the network. The present paper adds to this debate by studying the 
incentives of content providers to affect traffic volumes. We propose a stylized setting 
with a monopoly ISP and two groups of content providers: some content providers of- 
fer content whose quality suffers if delivery is delayed, while others offer content whose 
quality is not sensitive to delay. 

Strict net neutrality in our setting means that all incoming traffic is treated equally 

by the ISP and content providers are not charged for delivery of traffic. We show that, 
under some conditions, taking investment decisions of ISPs and content providers as 
given, strict net neutrality leads to a loss in social welfare compared to the first best 
and even the second best in which the planner treats all traffic equal. Inefficiencies arise 
because of traffic inflation and an inefficient allocation of capacity to different types of 
content. By contrast, the first best is implemented in a regime with bandwidth tiering. 
Bandwidth tiering leads to prioritized delivery of time-sensitive content and is always 
welfare-superior to strict net neutrality. However, the welfare effects of piece-meal de- 
partures from net neutrality, namely uniform transmission fees and the prioritization of 
time-sensitive content, are ambiguous. 

Our analysis is motivated by three observations. First, there are congestion issues 
on the Internet. The increase in high-bandwidth applications and content, combined 

with limited middle-mile and last-mile capacity, results in congestion during peak hours, 
leading to delay (see, e.g., Roy and Feamster, 2013 ). This issue is of particular importance 
on mobile networks. Second, some content is more sensitive to delay than other content. 
Time-sensitive content includes voice and video telephony, online games, real-time video 
streaming, and certain cloud services; less time-sensitive content includes email, web 

browsing, and file sharing, where modest delays in transmission do not matter much. 
Third, and most importantly, certain techniques used to minimize delay – so called 

congestion control techniques – affect the volume of traffic on the network. Some of them 
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