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ABSTRACT

The advances of the future will demand scholars have a systemic vision to solve prob-
lems. Integration across disciplines is needed to study, explain, inquire and discover
beyond the traditional borders of academic areas. In this research, we consider the effects
of crowd behavior in wireless networks and funding. First, we seek to demonstrate how to
improve the allocation of wireless network resources based on the use of aggregate data
from crowds’ mobile phones and dynamically improve the wireless network around them.
The data is used to develop an optimization allowing a more efficient management of the
network. Second, using tool sets from engineering and entrepreneurship, we study the in-
teraction of herding and speed to goal towards success on the crowdfunding environment
using the liability of newness as a theoretical lens. Finally, we advance entrepreneurial
crowdfunding literature through developing a new framework to understand the different
paths to success.
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One of the challenges of deploying dense networks is unpredicted human mobility
behavior. Today, the static allocation of carriers results in a suboptimal use of spectrum
resources. In this essay, we introduce the concept of Dynamic Carrier Allocation as the
ability of dynamically move carriers from one cell to another based on the demand. Sim-
ulation results demonstrate on average 25% higher efficiency when compared with the
previous static allocation schemes.

Crowdfunding has become a popular substitute for traditional sources of funding
for new ventures. While some research has been done to explain the reasons an en-
trepreneur is successful in this environment, the understanding of the interaction between
the early and late stages of the campaign still cloudy. In this essay, we use the liability of
newness theory and over 2,400 crowdfunding projects to discuss the connection between
the timing of the herding effect and the speed in which the campaign is funded. We also
look how the size of the goal moderates this effect. Then, we propose a taxonomy for the
different paths towards crowdfunding success. The conceptual and empirical findings of
this work extend our understanding of entrepreneurial legitimacy and the roles played by

early stage funding strategies in overcoming internal and external liabilities of newness.
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CHAPTER 1

INTRODUCTION

As an interdisciplinary student in Telecommunication & Computer Networking
and Entrepreneurship & Innovation, my goal is to demonstrate I am able to not only work
just efficiently as an Entrepreneurship Scholar and as an Engineering Scholar but also
overcome research challenges by looking from an interdisciplinary lens. This dissertation
explores the use of those perspectives to study crowd and effects. Using the interdisci-
plinary approach, it addresses each area of knowledge individually, both from the stand-
point of future mobile networks and from the viewpoint of entrepreneurial success and
failure in the crowdfunding environment.

The first essay addresses the concept of Dynamic Carrier Allocation (DCA). One
of the challenges of deploying dense networks is unpredicted human mobility behavior.
If resources must be allocated statically, carriers are allocated to cope with peak demands,
but this results in a suboptimal use of spectrum resources. However, with the traffic de-
mand needs of a smart city, innovative solutions are needed. In this essay, we introduce
the concept of Dynamic Carrier Allocation as the ability of dynamically move carriers
from one cell to another based on the demand. We revisit different approaches of allo-
cation of frequencies to base stations and offer a new dynamic optimization perspective
to serve the different demand needs in different times of the day. This solution is used to

enable high-efficiency carrier aggregation on the top of the scheduling layer. Simulation



results demonstrate on average 25% higher efficiency when compared with the previous
static allocation schemes.

The second essay explores the exponential rise in the crowdfunding of entrepre-
neurial projects. Crowdfunding campaigns can be an integral part of the process used
by founders to gain exposure for their products and acquire financial or social capital for
their new ventures. In this essay, we investigate the relationship between the stages of a
crowdfunding campaign and success and overfunding in the reward-based community—
Kickstarter.

Multiple factors contribute to entrepreneurs’ success in crowdfunding campaigns,
however, prior studies emphasize either only the speed at which the entrepreneurship
achieves reward based goals or the concentration of backers (herding) at each campaign
stage. Both have been shown to be predictors of crowdfunding success, however, we
propose that the pathways to success are more varied. Factors such as the interaction
of speed to goal and herding, as well as, the strategic orientation and responses of the
entrepreneur founders may matter also.

To examine these questions, we use liability of newness as the theoretical lens.
This framework allows us to ask questions about the role played by the legitimacy of
the entrepreneurs, the products that are the foundation of their crowdfunding campaigns
and the ventures themselves. In our first study, we use a unique database of over 2,400
crowdfunding projects to examine the herding behavior and speed to goal in the early and
late stage of the campaign. This is possible because our panel data was collected every

six hours, revealing intrinsic behavior not observed without this temporal detail. Then,



we empirically demonstrate that there are alternative pathways to crowdfunding success.

This second study, drawing on emergent patterns, we develop a typology of alter-
nate pathways that entrepreneurs can take to maximize the financial, human and social
capital that support their crowdfunding campaigns. The conceptual and empirical find-
ings of this work extend our understanding of entrepreneurial legitimacy and the roles
played by early stage funding strategies in overcoming internal and external liabilities of
newness. We do that by highlighting actions the entrepreneur may take to increase the
probability of success in a crowdfunding campaign, not only raising extra funds but also

creating an initial market value and proof of concept.

1.1 A Background to Dynamic Carrier Allocation

The 3GPP has released a Study on Scenarios and Requirements for Next Gen-
eration Access Technologies which predicts beyond the 5th Generation, and it lays out
a pathway toward 2030 for the Wireless Industry [1]. It expects a fully connected and
mobile society, using the technology in unimaginable ways, with a steep increase in the
traffic, in the number of devices, and in the ways of using them. IMT-2020 set a metric for
traffic increase of 200 times between 2010 to 2020, achieving the so-called 5G technology
[59]. However, IMT-2030 foresees a further increase on the order of 100 times between
2020 to 2030 [60]. This increase creates a challenge for the industry and academia that
must find ways to make this growth viable. In this sense, the improvement needs not only
to address the telecommunication market but also allow the sustainable development of

the eco-system, energy, operational and cost efficiencies.



Beck and Panzer in 1989 said that ’the limited availability of radio frequency
spectrum will require the future systems to use efficient methods to increase network
capacity and to adapt to various traffic situations” [18]. Back then, the challenge was
allocating channels to users inside a base station. Additionally, there was not available a
fast and centralized control system able to know the allocation of all channels in each base
station. However, they highlight that in an ideal scenario the automatic adaptation to in-
stantaneous interference and traffic situations would be required. Unthinkable at the time,
the fairly new technology development in Carrier Aggregation, Software Defined Wire-
less Networks (using for example Cloud Radio Access Networks) and Network Function
Virtualization have enabled new methods to improve the efficiency of the network.

Today, companies like Sprint in the United States are already deploying carrier
aggregation using three 20-megahertz carrier bands in the 2.5 GHz band [82]. T-Mobile
1s also deploying this technology [83]. Those wireless service providers and many others
must cope with the task of assigning and administrating the carrier resources they allocate
efficiently.

Exploring those technologies and solving for the traffic increase was the motiva-
tion to the work presented in this dissertation. The goal is to provide an intriguing and
exciting avenue of research as we challenge the status quo and develop a new perspective

for the future network.



1.2 A Background to Crowdfunding

It was not until 2009 that crowdfunding started to gain momentum. The United
States was recovering from the financial crisis in 2008, and many traditional forms of
acquiring funds were frozen. Not only artisans, entrepreneurs, and early-stage enterprises
were struggling to raise funds they needed, but also people had just lost their jobs and
opening new ventures seemed right. Maybe they perceived it as the right moment because
of the lack the courage to do so when they had a stable job, but now the table had changed,
Perhaps they were able to perceive something that others have not. Regardless of the
reason, traditional banks were less willing to lend, which made entrepreneurs start looking
elsewhere for capital.

This moment was when crowdfunding was born, an Internet-enabled way for in-
dividuals or organizations to raise funds in the form of either donation, pre-sale, loan or
investment from multiple people. The initial idea was a community of friends and family
that would pool resources to fund a promising business idea, however, this time using the
Internet as a platform. Today, crowdfunding has not only became essential for funding
in developed economies but also tapped into the developing economies with exceptional
strength. When talking about developed economies, we find many platforms mediating
crowdfunding campaigns in the United States, the United Kingdom, Australia, Germany,
the Netherlands, Italy, and Canada. Within those, we have the big five platforms: In-
diegogo (founded in 2008), Kickstarter (2008), Gofundme (2010), Teespring (2011) and
Patreon (2013).

One of the reasons for the success of the crowdfunding concept is due to the



wisdom of the crowd [111]. The notion is that the collective opinion is more accurate
than a single expert. The caveat is that in this concept, there should be no irrational
herding. Irrational herding occurs when someone else’s decision affects the decision of
the next. An example is when one decides to buy because everyone is buying, trusting in
the judgment of others without executing any due diligence. The wisdom of the crowd
acts as a decision-making tool, it enables projects and businesses that are relevant to be
funded while defunding others.

Another player of this success is the creation of social capital. This is use of
social interactions through social network platforms (e.g. Facebook, Twitter, LinkedIn,
YouTube and Snapchat) to reach out to possible donors beyond one’s close network. Many
researchers are exploring this area.

However, some questions remain, what happens during a campaign that makes it
successful? What can someone do to improve the quality of a campaign? How do the
interactions happen? These questions were born in the second year of the Ph.D., and we

decided to investigate the topic further.

1.3 Organization of the Work

This dissertation is structured as follow. Chapter 2 shows the work done on carrier
aggregation. Chapter 3 discusses the different paths to crowdfunding success. Finally,
Chapter 4 presents a summary of the topic discussed, conclusion and future research

perspectives.



CHAPTER 2

OPTIMAL DYNAMIC CARRIER ALLOCATION FOR FUTURE WIRELESS
NETWORKS

2.1 Abstract

One of the challenges of deploying dense networks is unpredicted human mobility
behavior. If resources must be allocated statically, carriers are allocated to cope with peak
demands, but this results in a suboptimal use of spectrum resources. However, with the
traffic demand needs of a smart city, innovative solutions are needed. In this essay, we
introduce the concept of Dynamic Carrier Allocation as the ability of dynamically move
carriers from one cell to another based on the demand. We revisit different approaches
of allocation of frequencies to base stations and offer a new dynamic optimization per-
spective to serve the different demand needs in different times of the day. This solution
is used to enable a high-efficiency carrier aggregation on the top of the scheduling layer.
Simulation results demonstrate on average 25% higher efficiency when compared with

the previous and static allocation schemes.

2.2 Introduction

Today, the growing demand and ever-increasing volume of mobile data traffic
create challenges for mobile operators and an increasing strain on cellular networks. Pa-

pers provide considerations on the road to the fifth generation (5G) and the challenges



ahead [14, 49]. In the list of challenges, there is the threshold in the network capacity
of macrocells, the constantly evolving concept of mobile performance and its metrics,
and the growing number of devices and Radio Access Technologies (RATs). While many
researchers have focused on many of those challenges, we have chosen to address the
issue of limited radio bandwidth resources. As far as our knowledge we are the first to
propose an innovative way to address the carriers in smart cities’ dense network environ-
ment by providing a solution based on their dynamic allocation. This work then proposes
an optimization scheme to enhance the use of carriers resources and compares it to the
status quo. Our findings demonstrate improvement in efficiency on average of 25% over
traditional methods of allocation.

In the network, one cell, regardless of the size, receives one carrier block (20
MHz) or partial sections of this resource. With the advance in the RAT, those carrier
blocks started to be aggregated, and it is predicted, at least in theory, to have up to 32
aggregated carriers in the foreseen future [17, 89]. While this offers some improvement
in the number of resources available, the management of the allocation of those resources
become then highly complicated and easily susceptible to human error. One of the com-
plications is the mismatch between a wireless service provider subscribers’ traffic demand
and its available capacity. Those users demands vary spatially and temporally resulting in
resources being underutilized when there is a low user demand or in short supply in high
demand locations. Wireless service providers and vendors have simplified the solution of

this unpredicted human mobility behavior by addressing the average peak demand, which



results in unhappy customers and wasted resources most of the time. To improve the man-
agement and efficiency of those carriers, we propose a new function to address demands
instead of predicted peaks dynamically.

The goal is to adapt the network frequencies depending on the traffic, neighboring
base stations, resource availability, and user demand. This concept of automatic adap-
tation offers a new view on how to increase the network capacity, reduce the need for
frequency planning, and allow the introduction of new base stations without the need to
re-plan the carrier allocation. One example would be bringing Cells On Wheels (COWs)
to a particular area, activating them, having them borrow the resource from nearby cells,
and returning those upon conclusion. Without automatic adaptation, the network is de-
signed to cope with peak demands, resulting in a suboptimal use of carrier resources.
Technologies like Software Defined Wireless Networks and Network Function Virtual-
ization can be used as a platform in which such adaptation would run on top. In this
essay, we present an optimization model for the allocation of carriers in base stations to
serve the different demand needed for the daily operation.

The organization of the essay is as follows. In Section 2.3, we describe the current
literature and directions proposed for the future technologies related to carrier allocation.
Section 2.4 state the problem, the solution and presents the assumptions of the proposed
carrier allocation optimization algorithm. Section 2.5 explains the algorithm, objective,
constraints and provides the full equation. Section 2.6 calculates our mathematical ex-
pectation of the results. Next, in Section 2.7 we show the different simulations, followed

in Section 2.8 by the discussion of the results found. In this, we were able to achieve



on average 25% higher efficiency than the carrier aggregation methods available in the
current state of the art solution. Finally, Section 2.9 explores the challenges and benefits

of implementing the proposed method.

2.3 Literature Review

To assess the state of past research surrounding our proposed solution, we looked
for relevant works in top networking and communications outlets. We included well-
known articles on resource allocation then performed a systematic literature search. There
are 15 publications pertinent to the carrier allocation issue. Specifically, we began our in-
vestigation by examining the set of peer-reviewed journals with an impact factor above
two. This list included major communications journals, namely /IEEE Communications
Surveys and Tutorials, ACM Computing Surveys, IEEE Communications Magazine, IEEE
Wireless Communications, IEEE Journal on Selected Areas in Communications, Com-
puter Physics Communications, Communications of the ACM, IEEE Transactions on
Smart Grid, Internet Research, IEEE Transactions on Wireless Communications, IEEE
Network, IEEE Transactions on Broadcasting, Journal of Network and Computer Appli-
cations, IEEE Transactions on Communications, IEEE Transactions on Vehicular Tech-
nology, IEEE/ACM Transactions on Networking and Computer Communications.

We searched for all articles using one or more of the following terms in the title,
abstract, or keywords: “Dynamic Carrier Allocation,” "Dynamic Spectrum Allocation,”
“Frequency Allocation,” "Coloring Problem,” ”Resource Block Allocation,” "Dynamic

Subcarrier Allocation,” and ”Carrier Aggregation.” While many studies were concerned

10



with carrier allocation for wireless cellular networks, others looked at different types of
resource allocation in the network rather than carrier allocation. All resource alloca-
tion studies that did not directly address wireless cellular networks (e.g. resource alloca-
tion for virtual machines in cloud computing) were eliminated from the review sample.
Based on this criteria, 15 original research pieces relevant to carrier allocation consti-
tute previously published relevant work. Journals publishing this research included /IEEE
Communications Surveys and Tutorials (1), IEEE Communications Magazine (2), IEEE
Wireless Communications (1), IEEE Journal on Selected Areas in Communications (4),
IEEE Transactions on Wireless Communications (4), and IEEE Transactions on Vehicular

Technology (3). We offer a narrative on the literature below.

2.3.1 Coloring Problem

The fundamental problem of spectrum assignment in a cellular network used to be
the assignment of carriers to cells in a manner that every client was served. The concept of
coloring is to assign different colors for each frequency allocated and then minimize the
number of colors used. It is used to reduce the effects caused by the mutual interference
of two or more base stations that are assigned the same frequency. Many researchers have
studied this problem and present solutions, Even et al. [43] has demonstrated that it is not
as easier as the classic graph coloring problem, others have assume the static proprieties
of the macrocell to propose optimization algorithms [62], or demonstrated that this to be
NP-complete and propose an hybrid approach [23, 41]. However, the solution presented

is intended for a static frequency assignment [88]. The solutions presented by themselves
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are not enough to address the need for higher efficiency in the use of those resources of
the present and future. With the introduction of carrier aggregation, more spectrum as
being allocated to service providers and thus requires a way to use them dynamically with

the fast pace changing environment efficiently.

2.3.2 Dynamic Channel Allocation

Some studies focus on the individual level communication between the base station—
user pair to provide more efficient access to the channel to the individual or group through
competition or cooperation. The solution can be based on game theory [6], the use of syn-
chronous or asynchronous techniques [32, 98], channel segregation [5] or channel parti-
tioning [30], with or without frequency hopping [69, 113]. The goal is to provide the
best dynamic channel allocation strategy to reduce delay and attain better performance
[57, 94]. A good summary of this topic can be found in [53].

A fundamental problem of dynamic channel allocation strategies with distributed
control concerns the coordination among base stations to avoid conflicting acquisitions of
the same carrier from two base stations located at a distance lower than the reuse distance.
While our proposed solution differs from dynamic channel allocation, we still rely on it
to avoid interference between carriers. We address the coordination problem by reducing

the update time in the optimization.

2.3.3 Dynamic Subcarrier Assignment

Dynamic subcarrier assignment is utilized in an orthogonal frequency-division

multiple access (OFDMA) system to improve the system data rate when multiple users

12



are present [107]. This works under the assumption that while one user might be under
a deep fade, others might not. Therefore, assign subcarriers dynamically to adjust to the
fading situation. This results in a better channel response and better response to the users.
However, our proposed algorithm works before the dynamic subcarrier assignment, and
its goal is to define the number of carriers needed in an area based on demand before the
allocation of actual resources. The prior research looked at dynamic subcarrier assign-
ment from the perspective of fractional frequency reuse which divides the coverage of
the cell into two geographical areas close and far from the base station [8]. Our solution
complements [8] by pre-determining the best amount of resources to be made available
for each base station. A practical example of this integration would be our solution for
first intelligently distributing and allocating the number of carriers needed at each base
station, then second, allocating actual subcarriers among the geographical locations of

cells and finally, allocating within a cell, among users.

2.3.4 Carrier Aggregation

Carrier Aggregation is one of the key features for LTE-Advanced. One of the
main reasons behind this work is to provide <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>