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Abstract

The growing popularity of multimedia video streaming services, combined with the
increased prevalence of smartphones, has resulted in impressive demand growth and
a significant need for quality of service (QoS). As a result, making video streaming
services available to users in a cost-effective manner without sacrificing quality is a
significant challenge. In Ethiopia, the sole telecom services provider, Ethio Telecom
(ET), has launched several network expansion projects in recent years to provide
quality services. However, there are still customer complaints from different parts
of the city.

This thesis intends to study the spatio-temporal correlation analysis among Qual-
ity of Experience (QoE) and QoS parameters for LTE video streaming service and
indicate measurement variations. The objective data collection has been collected
using Nemo Handy, Opensignal, and Cloudflare speed tests. The subjective percep-
tions of video streaming users were gathered using a contextually formulated survey
questionnaire via a field experiment campaign including 300 different sample users
who watched a single YouTube video session. This study is conducted in six different
locations considering the application, network, and physical layer quality metrics,
and we analyze the data using Statistical Package for the Social Sciences(SPSS),
Actix Analyzer, and Excel.

In all study locations, in particular during the evening and nighttime periods, the
measured latency and jitter are not suitable for video streaming services. During
these periods, the Mean Opinion Scores (MOS) are less than 3.3 and on average,
a MOS result of 3.9 is obtained. According to the correlation analysis results, the
highest correlation magnitude is achieved between MOS and playback with a strong
positive and statistically significant value of (r = .746, p < .001). That is, playback is
the main factor responsible for the MOS variation. The strongest correlation among
application and network layer parameters is found between download throughput
and playback, with values of (r =.711, p < .001). As a result, rather than latency

and jitter, download throughput is the main reason for the variation of application

v
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layer quality metrics. We found weaker correlation results between network and
physical layer quality metrics at Mebrathail and Jemo areas, indicating that the
network layer quality matrices are influenced by the increase in the number of users
and other factors, rather than RSRP and SINR.

Key words:- LTE, QoE, QoS, Correlation, Subjective Measurement and Objec-

tive Measurement.
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Chapter 1

Introduction

1.1 Background

Information and communication technology (ICT) has become more valuable in all
aspects of life [1]. Cellular mobile communication networks are one of the basic parts
of ICT. In the past two decades, the number of mobile users has increased in a very
rapid manner. It is also estimated that in 2023 there will be 5.7 billion mobile users
[2] and they require access to a wide spectrum of various multimedia application
services without being limited by constraints such as time, location, technology,
device, and mobility restrictions.

Most of the connections to video platforms and social networking applications
originate from wireless cellular mobile communication networks. This massive access
from wireless networks introduces several issues. Following that, telecom service
providers are increasing the access speed that allows a huge number of users and
changing the way of managing the mobile communication network to guarantee QoS
and Quality of Experience (QoE).

In the case of Ethiopia, under different Telecom Expansion Projects (TEPs),
network capacity, coverage, and quality of various mobile data services are improved.
The expansion work so far and the undertaking of additional network expansion
projects have allowed ET to carry a large number of customers. As of January
2021, the total number of subscribers has reached more than 50.7 million. Of these,
23.5 million customers are data and internet users [3, 4], and the mobile data demand
in Addis Ababa city is forecasted to be 20 PB per month in 2021, as shown in Figure
1.1 [5].
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Figure 1.1: Mobile Data Demand Forecast in Addis Ababa (from 2017 — 2021) [5].

The 3GPP has defined the 4th mobile generation radio technology, named LTE or
the Evolved Universal Terrestrial Access Network (E-UTRAN), to provide wireless
broadband with respect to QoS support [6, 7].

The quality concept takes two forms, which are QoS and QoE. QoS is the network
quality evaluated from a technical perspective to determine network performance,
through measuring several factors (i.e., throughput, available bandwidth, delay, er-
ror probability, jitter, packet loss, etc.) According to the International Telecommu-
nication Union (ITU) recommendation, the QoS was defined as a collective effect of
service performance, which determines the degree of satisfaction of a user of the ser-
vice. On the other hand the QoE is the degree of delight or annoyance of the user of
an application or service as perceived subjectively includes the complete end-to-end

system effects... maybe influenced by user state, content and context. [8, 9].

Many systems, such as video streaming (QoS, are unable to capture the impact
of network fluctuations on the user experience. To overcome this issue, the QoE
concept was developed, which focuses purely on subjectively perceived quality. It
results from the fulfillment of his or her expectations with respect to the utility
and/or enjoyment of the application or service in the light of the user’s personality

and current state [8, 10].

Assessing QoE is very challenging because the evaluation involves a number of
subjective factors such as the mood of the user, responsiveness of the system, etc., as

shown in Figure 1.2. Any feature of a user, system, service, application, or context

2 CHAPTER 1. INTRODUCTION
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whose current state or setting may have an impact on the user’s QoE [11, 12].

Content

Video codec, Resolution, Content
of videos, Type of videos, Motion
patterns, Effectiveness, Popularity,
Age of Content, etc.

Attractiveness, Fidelity,
Enjoyment, Expectations,

Personality, Gender, Initial delays,
Memory effects, etc.

QoE
Influencing

Factors
Context

Task, Purpose, Social, Cultural
background, Usage history and
efficiency, Personal, Age, Mobility,
Competence, Environmental,
Technological, Cost, etc.

Device effectiveness, Device
efficiency. Network Quality, jitter,
Latency, Packet loss, Server
reliability, Server availability,
Transmission network, etc.

Figure 1.2: Different Factors influencing QoE [13].

Video streaming service is one of the dominant service around the world [13].
Similarly, a recent study in the Ethiopian capital, Addis Ababa, shows that video
streaming service has the largest share of LTE services [14]. Although the service has
a large number of users and generates better revenue, there are many complaints
about the service [3, 15]. Hence, it is very important to investigate the current
network performance to demonstrate the extent to which the areas surveyed are
sufficient for different video quality and study correlation among QoE and QoS

parameters to identify the most influential factors on the QoE of end users.

1.2 Statement of the Problem

Online streaming traffic is increasing and is estimated to increase in a very fast
manner. Specifically, video streaming has become a dominant service with almost
58% of overall downstream traffic around the globe [16, 17]. This trend leads to an
unprecedented boost in cellular data traffic and network congestion, which results
in high latency and packet loss. At the end of the day, end users’ overall service
quality as well as operators’ revenue will be affected [18].

Similarly, in Addis Ababa, where the case study was conducted, the data col-
lected from October 2019 to April 2020 shows that the LTE customers’ data usage
has become more than tripled within a seven-month interval and the video streaming
service has the largest share [14].

Although ET has deployed the LTE network and has quality assurance processes
in order to make the network operation more reliable and improve the network ser-

vice quality, data-related customer complaints are still continuing [3, 15]. Therefore,

CHAPTER 1. INTRODUCTION 3
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it is essential to study the correlation between QoE and QoS, as well as spatial and

temporal LTE network measurement variations in terms of video streaming service.

1.3 Objectives

1.3.1 General Objective

The main aim of this thesis is to study the correlation among QoE and QoS for
LTE Video Streaming service to identify the QoS level of impact on QoE of video

streaming users and to identify spatio-temporal measurement variations.

1.3.2 Specific Objectives

The specific objective of the thesis is summarized as follows:

e To identify relevant subjective and objective quality measuring metrics for

video streaming services.
e To evaluate ET’s LTE services quality monitoring process.

e To identify tools used to measure and analyze QoS performance metrics and

QoE.

e To collect video streaming QoS and QoE data from Addis Ababa’s LTE net-

work and users.

e Review the literature on video streaming services to identify factors that in-

fluence users” QoE, types of correlations, and different layers’ quality metrics.

e Indicate the current LTE network measurement variations in terms of location

and time, in terms of the video streaming service quality requirements.

e Conducting the correlation study between QoE and QoS parameters to identify

the most influential factors with respect to space-and-time manner.

1.4 Literature review

Recently, video streaming service has received a tremendous amount of research

attention and become a point of interest in research [19].

4 CHAPTER 1. INTRODUCTION
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In [20], the author studied how network path quality affects the QoE of HTTP
video streaming. The study addressed the problem by dividing into two parts: mea-
suring the correlation between the network QoS and application QoS and measuring
the correlation between application QoS and QoE. In the first subproblem, the au-
thor proposed three application performance metrics for HI'TP video streaming and
used an analytical model and empirical evaluation to characterize their correlation.
In the second subproblem, subjective assessments were used to correlate the MOS
and the application QoS. As a network QoS, round-trip time (RTT), packet loss rate,
and network bandwidth have been used. On the application side, initial buffering
time, mean rebuffering duration, and rebuffering frequency are considered, and from
the user side, MOS is used. Finally, the findings of this research showed that packet
losses and RTT reduce network throughput and the rebuffering frequency to be the

main factor responsible for the MOS variance.

V. D. Bhamidipati investigated the effect of delay and delay variation on the
QoE in video streaming [21]. The perceived QoE for different streaming sessions
has been collected using MOS and finally the author figures out the threshold level
of delay that is acceptable by the users, the tolerance of users for different delay
levels, and the effect of packet delay. The acceptable tolerance was found to be =+
8ms and 4+ 10ms for different video types. The quality of experience is degraded
even for small variations (+4ms) of delay, and the author concluded that when delay

and delay variation increase above £10ms the QoE decreases.

V. D. Bhamidipati investigated the effect of delay and delay variation on the QoE
in video streaming [21]. The perceived QoFE for different streaming sessions has been
collected using MOS and analysis is done for all videos streamed with constant and
varying delay. The author tried to address the following research questions: what
is the influence of packet delay/delay variation on video QoE, what is the threshold
level of delay/delay variation on video QoE from the user’s perspective, and what is
the relationship between MOS and delay/delay variation for the videos. The author
figures out if the packet delay is kept constant, the user’'s QoE does not appear
to change significantly, indicating that the variance of QoE is low. The quality of
experience is degraded even for small variations (£4ms) of delay, and the acceptable
tolerance was found to be + 8ms and + 10ms for different video types, and for
an increasing delay/delay variation, the mean opinion score (MOS) decreases and
vice versa. Finally, concluded that as the delay and delay variation increase above
+10ms the QoE decreases.

In order to find the correlation between QoS and QoE, the author in [22] in-

CHAPTER 1. INTRODUCTION 5
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vestigated user perception of videos (MOS), objective video quality metrics (Video
Quality Metric (VQM), Structural Similarity (SSIM), and Peak Signal Noise Ratio
(PSNR)) and the network QoS (Packet loss, jitter, and reordering). This study
considered three video streaming quality levels of 480p, 720p, and 1080p. The pa-
per introduced a three-phase evaluation method, concluded that MOS is affected by
the previous experiences of the watchers, linear combinations of some QoS metrics
can correlate well with MOS values, and finally recommended that the method be
fine-tuned through further research.

[23] presents a video streaming QoE evaluation over 3G networks for Android
based smartphone users. This study tries to show the relationship between QoE and
QoS. The author considered the application and network layer quality measures, in-
cluding average video resolution watched, average initial latency, the average number
of stalling events, average total stalling length, and average buffer level, as well as
network level parameters such as average download throughput.

Crowd-sourcing measurement approaches, Network Management Systems (NMS),
and questionnaires are used to collect objective and subjective data. As a result,
the correlation between the average acceptability range and the Mean Opinion Score
(MOS) has been found to be strong with a correlation coefficient and significant level
values of (r=0.852, p=0.01). On the other hand, it was determined that the down-
load throughput was lower than the recommended values, with an overall MOS score
of 2.79. Finally, the author recommended that ET should give special attention to
consumers’ perception in addition to network capacity improvement in order to in-
crease customer satisfaction.

As a summary, all the above studies focused on the relationships between differ-
ent QoS parameters and the QoE of video streaming users, with different approaches
in terms of data gathering, analysis, and methodologies. The first three papers are
intended to investigate the correlation between network, application, and user-level
quality metrics. They did not include spatial and temporal phenomena, as well
as the correlation between physical, network, and application layer quality met-
rics. However, in this study, in addition to the correlation analysis among QoE and
QoS parameters, the spatial and temporal aspects, as well as correlations among

application, network, and physical layer quality metrics, were considered.
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1.5 Methodology

To achieve the objectives and address the research questions, the following method-
ology is used.

The first is a literature review, in which various academic research has been
reviewed regarding video streaming, QoS, QoE, objective and subjective quality
metrics as well as basic knowledge of correlation coefficients and applications of per-
formance assessment. Next, the quality metrics and correlation coefficients needed
for the research are identified, then the objective metrics and user ratings are col-
lected. For objective data measurement, Opensignal, Nemo Handy and Cloudflare
measurement tools were employed, while a questionnaire for subjective QoE feed-
back was used. The collected data were then analyzed with SPSS, Actix Analyzer,
and Excel to identify the measurement variations and correlation between QoE and
QoS parameters for video streaming service users under the LTE network. Finally,

the findings and results were then discussed, and recommendations were made.

The methodology, as shown in Figure 1.3, can be summarized as follows:

\ sl
Literature Identify Quality Appropriate
Review Metrics i Cokection Correlation

AA

Figure 1.3: Summary of Methodology

1.6 Scope and Limitation

1.6.1 Scope of the Thesis

This thesis focuses on the correlation among QoE and QoS parameters, as well
as indicating the spatiotemporal measurement variations limited to LTE network
video streaming service users in Addis Abeba, Ethiopia, where the case study was

conducted.

CHAPTER 1. INTRODUCTION 7
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1.6.2 Limitations of the Thesis

The study was limited to Addis Ababa; other cities that have recently begun to use
LTE services were not considered. This study used 640x480-pixel (480p) resolution
videos, but other video quality types such as 720p, 1080p, and so on were not in-
cluded. Although only eight quality metrics are considered in this paper, additional
parameters can be included. The joint effects of quality metrics on QoE are not
considered and because it was challenging to find volunteers for the evening and

night sessions, the participant distribution for all periods was not proportional.

1.7 Contributions

The main contributions of this thesis are:

e The correlation analysis results between QoS factors and QoE show how dif-
ferent factors affect the perceived QoE of video streaming service users and

identify the the most influential factors.

e The correlation analysis results among different layers of QoS metrics show how

they affect each other and their impact on the upper layer quality metrics.

e The result of spatiotemporal measurement analysis indicate the measurement
variations based on video streaming service requirements for different locations

and time intervals.

e Overcome the shortcomings of the current ET’s root cause analysis approaches

and QoS/QoE measurement in terms of video streaming service.

e Consequently, it improves customer satisfaction, and in a future competitive

environment, it helps to reduce customer migration threats.

1.8 Thesis Organization

This thesis work is organized into six chapters. Chapter 1 introduces a statement
of the problem, objectives, methodologies, and scope. Chapter 2 provides technical
background on the LTE Mobile Network and Video Streaming Service. Chapter 3
focuses on current QoS measurement and analysis, as well as correlation concepts
and mechanisms for choosing correlation coefficients. The data collection and anal-

ysis methodologies used in this thesis are presented in Chapter 4. A summary of
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the data analysis, results, and interpretations are covered in Chapters 5. Finally,

conclusions and future work are included in Chapter 6.
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Chapter 2

LTE Mobile Network and Video

Streaming Service

2.1 LTE Mobile Network

2.1.1 Background of LTE Mobile Network

Telephone technology began by providing voice, then data, and finally multimedia
data, but this was insufficient for humans, who remained unsatisfied until now.
They may demand high data traffic that varies in quantity and variety, such as
video streaming, online gaming, video conferencing, etcAW. To accommodate the
ever-increasing demand from users, in 2004, 3GPP developed a new system having

different requirements such as [24]:
e Packet-switched domain optimization.

Roundtrip time between server and user equipment (UE) must be below 30ms

and access delay below 300ms.

Uplink peak rate 75Mbps

Downlink peak rate 300Mbps
e Improvement to mobility and security
e Terminal power efficiency improvements

Furthermore, due to the fact that LTE is a relatively new technology, it has the

following characteristics: High data rate, improved latency, wide coverage, high

10
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spectral efficiency, low cost, and a simplified structure. Therefore, in order to meet
the aforementioned requirements, LTE network system mainly used three important

technologies such as:

Orthogonal Frequency Division Multiple Access (OFDMA): OFDMA is
a higher-quality air access method than its predecessor. The downlink of LTE uses
OFDMA, whereas the uplink uses Single Carrier Frequency Division Multiple Access
(SC-FDMA). This technology was chosen because it can provide the desired high
data rates with a simple implementation that involves low-cost and energy-efficient
hardware. OFDM is a type of Multicarrier Modulation (MCM), which is a parallel
transmission technology that divides a radio frequency channel into many narrow-

bandwidth subcarriers and then sends data on each subcarrier.

Single-Carrier Frequency Division Multiple Access (SC-FDMA): it is mainly
used for uplink transmission and like other multiple access technologies (TDMA,
FDMA, CDMA, OFDMA), it works by allocating a single communication channel
to multiple users. In uplink, this technology was used to minimize the Peak to Av-
erage Ratio (PAR). The key advantages of this technology for mobile devices are

improved transmission power efficiency and lower power amplifier costs.

Multiple Input Multiple Output (MIMO): This technology is primarily used
to reduce noise impacts and improve link reliability. The core concept is that a
transmitter transmits multiple streams on multiple transmit antennas, and each
transmitted stream takes a distinct path to reach each receiver antenna. The same
stream takes different paths to reach multiple receivers, allowing errors to be can-

celled using superior signal processing technique.

2.1.2 LTE Network Architecture

LTE network consists of two key parts: The radio access network, known as Evolved
UMTS Terrestrial Radio Access Network (E-UTRAN), and Evolved Packet Core
(EPC), which is the packet core network.

E-UTRAN: it is the LTE radio access network which consists of User Equipment
(UE) and evolved NodeBs (eNBs).

UE: Any device used by an end user to communicate with the base station.

CHAPTER 2. LTE MOBILE NETWORK AND VIDEO STREAMING 11
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eNodeB: is a major part of LTE network structure and unlike earlier generation sys-
tems, LTE integrates a radio different functionalities into the eNodeB such as: radio
resource management, I[P header compression and encryption of user data stream,
scheduling and transmission of paging messages, selection of Mobility Management
Entity (MME) at UE attachment, and the like. eNodeB uses two interfaces, the
first is called S1 interface, and its purpose is to connect eNodeB with EPC which
allows the UE to communicate with EPC. The other one is X2 interface mainly used
to interconnect eNodeB and supports enhanced mobility and inter-cell interference
management [25, 26, 27]. Figure 2.1 shows an overview of the LTE architecture and

its basic components.
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Figure 2.1: LTE Network Architecture [26].

The EPC is composed of several functional entities such as:

e MME

Home Subscriber Server(HSS)

Serving Gateway (S-GW).

Packet Data Network Gateway (PDN-GW)

Policy and Charging Rules Function (PCRF)

12 CHAPTER 2. LTE MOBILE NETWORK AND VIDEO STREAMING
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MME: is in charge of all subscriber and session management control plane oper-
ations. In summary, MME is responsible for mobility, UE identification, security,

and idle state mobility control.

HSS: It is the permanent user subscription data store. The HSS keeps the master
copy of the subscriber profile, which includes information about the services that
the user is authorized. It also saves the user’s location in the level of visited network
control node, such as MME.

S-GW: The S-GW is the point at which the packet data interface connects to
the E-UTRAN. Its functionalities are acting as a local mobility anchor, exchanging
packets with eNodeBs, allowing packet routing and forwarding, and providing QCI

granularity.

PDN-GW: Serves as a bridge between the core network and the PDN. IP address
allocation, policy enforcement, packet classification, routing, uplink and downlink
service level charge are the primary functions of P-GW. It also serves as a mobility

anchor for access networks that are not 3GPP.

PCRF: PCRF’s main responsibility is to start QoS if a user requests better QoS,
as well as to identify service flow and enable charging policy and IP Multimedia
Subsystem (IMS) configuration for each user.

[26] provides additional information about the LTE architecture.

2.1.3 LTE Quality of Service

QoS is implemented between the UE and the PDN Gateway in LTE-based networks
[28] and applied through a set of bearers. These bearers groups comprise radio
bearers, S1 bearers, and S5/S8 carriers referred to as EPS. A bearer is a traffic
separation element that allows traffic with different QoS requirements to be treated
differently. A bearer establishes a virtual path between a UE and the PDN Gateway.
As shown in Figure 2.2 below, Bearers are classified into two categories: Default
Bearer and Dedicated Bearer.

Default Bearer: When a mobile device initiates the connection to the LTE
network for the first time, the default bearer will be assigned to the mobile device
according to its service requirements and will remain connected until the UE dis-

connects from the network. The default bearer does not provide any guaranteed bit

CHAPTER 2. LTE MOBILE NETWORK AND VIDEO STREAMING 13
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‘ QoS Bearer
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Figure 2.2: QoS Bearer [27].

rate service; instead, it provides best-effort service. Each default bearer is assigned a
unique IP address. The default bearer can be assigned a QoS Class Identifier (QCI)
of 5 to 9 (Non-Guaranteed Bit Rate).

Dedicated bearer: Serves as a dedicated tunnel for specific services to receive ap-
propriate treatment like VoIP, video. It does not require a new IP address, although
it does share the default bearer’s address. Both Guaranteed Bit Rate (GBR) and
Non-Guaranteed Bit Rate (Non-GBR) Service are available from Dedicated Bearer.
Dedicated bearers to give special treatment to specific services use Traffic Flow Tem-
plates (TFT).

GBR: are commonly utilized in applications such as VoIP and other real-time voice
calling apps. GBR QoS parameter values are assigned to each bearer. There is no
probability of congestion-related packet loss for a service that uses the GBR bearer
if the traffic carried by the GBR bearer conforms to its value. Because it reserves
all transmission resources during an admission control function, a Guaranteed Bit
Rate (GBR) bearer is frequently created ”on demand.

Non-GBR: It does not guarantee a certain bit rate service, however. This bearer is
primarily used for web browsing and FTP transfers. Non-GBR bearer services are
prone to packet loss due to congestion. It does not block any specific transmission
resources. the non-GBR bearer is established as the default or dedicated bearer and
stays for a longer time.

Different QoS parameters are used in an LTE network to evaluate the overall per-
formance of a service experienced by the users, depending on whether it provides

real-time or best-effort service. A bearer has two or four QoS parameters, such as:

14 CHAPTER 2. LTE MOBILE NETWORK AND VIDEO STREAMING
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e QoS Class Indicator (QCI)
e Allocation and Retention Priority (ARP)
e GBR - real-time services only

e MBR - real-time services only

[26] Provides more information on the QoS factors described above, as well as other

parameters included in the 3GPP standard.

2.2 Video Streaming Service

2.2.1 Background of Video Streaming Service

Recent advancements in computing technology, compression technology, high band-
width storage devices, and high-speed networks have enabled the delivery of real-
time multimedia services over the Internet. There are two modes of media trans-
mission over the Internet: download mode and streaming mode. In the download
mode, the user can only play a downloaded file after the entire file has been down-
loaded from a server. Transmitting the entire video file takes a long and possibly
unacceptable amount of time. On the other hand, in the streaming mode, the entire
video file does not have to be downloaded. That is, the video loads a little bit at a
time and the browser plays the video rather than copying and saving it. Details of

historical background and video streaming protocols are described in [19].

2.2.2 Video Streaming Architecture

Figure 2.3 depicts a video streaming architecture that shows how raw video and
audio data are pre-compressed using video and audio compression techniques before
being saved in storage devices. A streaming server receives compressed video/audio
data from storage devices at the request of the client, and then the application-
layer QoS control module adapts the video/audio bit-streams to the network state
and QoS requirements. The transport protocols then packetize the compressed bit-
streams and send the video/audio packets to the Internet after adaption. Due to
congestion, packets may be dropped or delayed on the Internet. Packets that are
successfully transmitted to the receiver pass through the transport layers are then

processed by the application layer and finally decoded at the video/audio decoder.

CHAPTER 2. LTE MOBILE NETWORK AND VIDEO STREAMING 15
SERVICE



Correlation among QoE and QoS Parameters for LTE Video Streaming Service:

Other video streaming-related factors are briefly discussed in [19], including me-
dia synchronization mechanisms, QoS control, continuous media distribution ser-

vices, streaming servers, and video compression and streaming media protocols.

Streaming Server Client/Receiver
Media
Video Synchronization Audio
. Decoder Decoder
Storage Device T
Video o S
Compression Compressed Application- Application-
Raw Video e 5 layer QoS layer Qo5
Video
. Control Control
Audio
Raw Audio Compression Compressed I I
Audio Transport Transport
Protocols Protocols
f

Internet

(Continuous media distribution services)

Figure 2.3: Video streaming Architecture [19].

2.2.3 Video Streaming Quality Metrix

The network operators must be able to react on quality issues, before the user
perceives them. To address such issues 3GPP has defined the LTE technology, to
provide wireless broadband with the respect of QoS support. There are two types of
quality concepts: QoS and QoE. For Video/Audio quality [29] identified the below
KQIs which are the most important for the video streaming service and it is defined
as the ability and immediacy of the end user to understand the video content. The

measurement is taken during the active session service.
e Delay: The total time takes from a packet to travel from source to destination.
e Jitter: The delay variation.

e Packet Loss Rate: It is defined as the number of packets that are successful

received, or not, at the destination.

e Mobility: The mobility success rate in terms of handover performance of the

service.

e Utilization: The EPC side like the EPC bearer utilization. As mentioned
in Chapter 1, QoS is used to determine network performance from a techni-

cal perspective by measuring a variety of characteristics such as throughput,
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available bandwidth, delay, error probability, jitter, packet loss, and so on. On
the other hand, QoE is an evaluation of individuals’ experience when using
the service, in [20] the fundamental QoE metrics for adaptive video streaming

is presented, which are:

e Startup delay: It is the time in seconds between when a user initiates a

video session and when the media player starts playing video frames.

e Stalling/Buffering events: When the player buffer is empty, the video stops
playing since there are no more video frames to display on the screen. It is

also known as buffer starvation.

e Stalling/buffering time: It is the time duration of buffering events occurs
during the video session. It is computed as the time duration within each

video player interruptions.

e Stalled/Buffered time rate: This measure represents the percentage of
total stall time out of the entire length of the played audio or video multimedia
file.

CHAPTER 2. LTE MOBILE NETWORK AND VIDEO STREAMING 17
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Chapter 3

QoS Measurement and Analysis

3.1 QoS Measurement

QoS can be measured using network-side quality metrics to determine whether a
service is providing the requested service at the expected quality level or not. How-
ever in the context of real-time video streaming apps, QoS is no longer sufficient
to evaluate the service quality. Therefore, in addition to QoS, recent studies have
turned their focus to QoE. [8, 20], and it helps to determine what improvements in
service performance are needed to assure customer satisfaction. QoS can be mea-
sured objectively by monitoring the network side quality parameters or subjectively

by using opinion scores.

3.1.1 Objective measurements

Depending on the accessibility of the source signal, they are classified into three

approaches [8]:

e Full reference (FR): A reference video is compared frame-by-frame (e.g.,
color processing, spatial and temporal features, contrast features) with a dis-
torted video sequence to obtain the quality commonly used in lab testing

environments.

e Reduced reference (RR): Only some features of the reference signal are

extracted and employed to evaluate the quality of the distorted signal.

e No reference (NR): The reference video is inessential while evaluating the

distorted video sequences Quality. (commonly used for real-time quality as-

18
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sessment of videos.

Some of the most well-known objective quality assessment approaches are:
Peak Signal to Noise Ratio (PSNR), Structural Similarity Metric (SSIM),
Multi-Scale Structural similarity, Video Quality Model (VQM), Natural Image
Quality Evaluator (NIQE), etc.

3.1.2 Subjective measurements

Subjective assessment is considered as the most accurate approach to measure the
QoE perceived by the end user. This method uses volunteer video streaming service
users to evaluate video sequences and then score them based on their point of view
and perception; the MOS is the average of the values obtained for each test sequence.
However, this method is very resource intensive in terms of human resources, cost,
and time. Different subjective measurement approaches can be used to assess video
quality; some of the widely known subjective measuring methods are introduced in
[8], which are:

e Double Stimulus Continuous Quality Scale (DSCQS): A reference and
a processed video sequence are shown to the evaluator twice, after which the
evaluator is asked to rate the video’s quality on a scale of zero to one hun-
dred, and the difference between the video evaluation values is computed to
determine the video’s quality. This quality assessment take a long time to

implement.

e Single Stimulus Continuous Quality Evaluation (SSCQE): The user
rates the quality of a 20 to 30-minute video and it is possible to observe the
variation in quality over time by calculating an average quality evaluation of
the subjects’ responses over time. It requires well-trained observers to achieve

stable assessment outcomes.

e Absolute Category Rating (ACR): It is considered as a single stimulus
approaches. It is shown for 10 seconds and then rated on a five-grade quality

scale expressed as MOS.

e Absolute Category Rating-Hidden Reference (ACR-HR): This is a
similar technique to the ACR. Except that, the participants are also shown
the reference version of each distorted test sequence. A differential quality

score is then used to calculate a final quality evaluation.
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e Absolute Category Rating-Hidden Reference (ACR-HR):Pair Com-
parison: The subjects are shown a pair of videos to compare and subsequently
evaluate (i.e., which pair has the best quality). There are differences in the
findings according on which one was shown first.

These and other details about subjective and objective evaluation approaches

is presented in [8].

3.2 QoS Measurement Techniques

QoS can be evaluated in a variety of ways, including network and user-side ap-
proaches. To measure the QoS on the network side, different network management
tools can be utilized [20]. Drive Test and Crowd-sourcing techniques, on the other

hand, can be used as part of mobile side measuring techniques [29].

3.2.1 Opensignal

Opensignal is a free crowdsourcing app that measures the real-world mobile network
experience as it is perceived by users, such as video experience, data speed, network
availability status, and other metrics illustrated in Figure 3.1. It is available for free
download from the official Google Play store and can be used on 3G, 4G, 5G, and
wifi networks [30].

Opensignal's metrics explained

Games Video

Experlence EXperience
The measure of how mobile users experience real-time The quality of mobile video experienced by users taking
multiplayer mobile gaming on an operator's network. into account video load times, stalling and video resolution.

4G Coverage Voice App
Experience Experience
The measure of how mobile subscribers experience The quality of experience for over-the-top (OTT)
4G coverage on an operator's network. voice services - mobile voice apps such as

M o bi Ie N etWO rk WhatsApp, Skype and Facebook Messenger.

Availability 1 Group Video Calling
The proportion of time Opensignal users are connected Experlence Experience

The proportion of video calls where all users on
a call had at least an adequate or better video
conference experience.

Download Speed
Reach Experience
e of how mabile users experience @

to a network in the places they most commonly frequent.

] The average download speeds experienced by
| extent of an operator's network. s :
Opensignal users across an operater's network.

Upload Speed Experighce
The average upload speeds experienced by

open5|gnal.com ignal users across an operator's network.

OPENS GNAL

Figure 3.1: Opensignal’s Metrics [31].
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As presented in [31], Opensignal has several interesting key features, some of

these are:

e Test tab with speed test and video streaming quality to analyze mobile video

performance with results for time spent buffering, loading and playback.
e Signal dashboard and ping test - for testing latency response.
e Connectivity map to show locations of 3G and 4G/LTE tests.

e Network stats with average speeds for download, upload and latency and net-

work strength on major providers.

e Historical log of your WiFi and 3G, 4G/LTE and 5G speed tests to check

connectivity over time etc.

3.2.2 Nemo Handy

Nemo Handy is the handheld drive test tool used to measure and monitor the air
interface of wireless networks, and mobile applications QoS and QoE. It is an exten-
sive application capable of testing features that offer full application-level metrics on
voice calls and quality, File Transfer Protocol (FTP)/Hypertext Transfer Protocol
(HTTP) data transfers, YouTube video streaming, video quality testing, Facebook
testing, Hypertext Markup Language (HTML) browsing, Netflix testing, Instagram
testing, WhatsApp testing, Viber testing, email testing, ping, and also it can mea-
sure the indoor and outdoor wireless network with a smart and inconspicuous ap-
plication installed on an android-based device, etc. [32, 33].

The Nemo Handy tool supports the latest wireless cellular technologies, for example,
Fifth Generation (5G) New Radio (NR), LTE/LTE-Advanced (LTE-A), Evolved
High Speed Packet Access (HSPA+), High Speed Packet Access (HSPA), Wide-
band Code Division Multiple Access (WCDMA), Code Division Multiple Access
(CDMA), Evolution-Data Optimized (EVDO), Global System for Mobile Commu-
nications (GSM) and Wireless Fidelity (WiFi) or Heterogeneous Networks (HetNet).
In the LTE network, different QoS attributes can be measure [32, 34|, some of these

are:

e Received Signal Strength Indicator (RSSI): It comprises the linear av-
erage of the total received power (in [W]) observed only in certain OFDM

symbols of measurement sub frames, in the measurement bandwidth, over N
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number of resource blocks by the UE from all sources, including co-channel

serving and non-serving cells, adjacent channel interference, thermal noise, etc.

Reference Signal Received Power (RSRP): It is defined as the linear
average over the power contributions (in [W]) of the resource elements that
carry cell-specific reference signals within the considered measurement fre-

quency bandwidth.

Reference Signal Received Quality (RSRQ): It is defined as the linear
average over the power contribution (in [W]) of the resource elements carrying
cell-specific reference signals divided by the linear average of the noise and
interference power contribution (in [W]) over the resource elements carrying

cell-specific reference signals within the same frequency bandwidth.

Signal-to-Interference-plus-Noise Ratio (SINR): It is defined as the ra-
tio NxE-UTRA RSRP/(E-UTRA carrier RSSI), where N is the number of
RBs of the E-UTRA carrier RSSI measurement bandwidth.

Throughput: It is the time-averaged number of correctly received transport
blocks in a communication system running an application, where a Transport
Block is defined in the reference measurement channel According to 3GPP

technical specification,

The amount of data sent or received in one unit of time is referred to as
throughput. It is the measure of how much data packets successfully travel
through the network [15].

Throughput is calculated with the following formula:

Transmittedblockssize * Numbero fblocksacknowledged

Throughput =
gnp Measuringtime

(3.1)

e Verify Location of serving cell
e Single Cell functionality check

e Search good dominant RF environment and etc.
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3.2.3 Cloudflare Speed Test

The Cloudflare speed test is a tool that allows you to measure the speed and con-
sistency of your connection to the Internet. You can use it to confirm that the
speed provided by your internet service provider (ISP) is the speed you are receiv-
ing. Compare different ISPs or test network connectivity in different parts of your
house. The measurements run on the Cloudflare network, which spans data centers
in over 200+ cities worldwide. This ensures you are testing against a server that
is close to you, which means you are measuring only the speed of your ISP, with

minimal networks in between that may affect your score [35].

3.3 Correlation Coefficients

In many studies, correlation analysis is performed to determine the degree of asso-
ciation between study variables. To analyze correlation coefficients, several software
programs are employed, and among them, SPSS is one of the best. According to [36],
SPSS can provide statistics ranging from simple descriptive numbers to complicated
studies of multivariate matrices. The Spearman’s Rank Correlation Coefficient and
Pearson’s Product Moment Correlation Coefficients are the most widely utilized

correlation coefficients in researches.

3.3.1 Pearson’s correlation coefficient

The bivariate Pearson Correlation provides a sample correlation coefficient r, which
indicates the strength and direction of linear correlations between two continuous
variables. By extension, the Pearson Correlation examines whether there is sta-
tistical evidence for a linear relationship among the same pairs of variables in the
population, as indicated by a population correlation coefficient, (rho). Pearson
correlation is a type of parametric measure [37].

Pearson’s mathematical formulation to quantify the degree of relationship (r) be-

tween variables, namely, X and Y, can be given as [38, 39]:

- > i@ —T)(yi — 9)
Vi@ — 222 (v — )

(3.2)

Where xi and yi are the values of x and y for the ith individual.

Pearson Correlation coefficient is affected by extreme values, which may exaggerate
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or dampen the strength of relationship, and is therefore inappropriate when either
or both variables are not normally distributed. [39].
Fundamentally, the correlation coefficient R is between -1 and +1 and it can be

interpreted based on its value, as illustrated in Table 3.1.

Table 3.1: A Conventional Approach to Interpreting a Correlation Coefficient [40].

Absolute Magnitude of the Interpretation
Observed Correlation Coefficient
0.00-0.10 Negligible
0.10-0.39 Weak correlation
0.40-0.69 Moderate correlation
0.70-0.89 Strong correlation
0.90-1.00 Very strong correlation

3.3.2 Spearman’s rank-order correlation coefficient

Spearman’s rank correlation coefficient is a nonparametric (distribution-free) rank
statistic proposed as a measure of the strength of the association between two vari-
ables. It is a measure of a monotone association that is used when the distribution
of data makes Pearson’s correlation coefficient undesirable or misleading [40]. It is
appropriate when one or both variables are skewed or ordinal and is robust when
extreme values are present.

The formula for computing the Spearman’s correlation coefficient for a correlation
between variables x and y is given by:

65" d?
ZZZI 7 (33)

ry = ——a—t
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Where di is the difference in ranks for x and y. Correlation coefficients are used
for various sorts of data, thus there are several factors to consider while selecting
one. Using a correlation statistic, without first checking or when the normality
assumption is violated, inferences and interpretations may become unreliable or
invalid. Three common normality test methods are discussed in [41]: histograms,
boxplots, and Q-Q-plots, which are graphical methods, as well as numerical methods

(skewness and kurtosis indexes) and formal normality tests.
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Other details, including the correlation types discussed above and normality check
methodologies can be found in [40, 41, 42].
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Chapter 4

Data Collection and Analysis
Methodologies

In this study, we used subjective and objective data collection methods; the sub-
jective data (video streaming user’s perception) has been collected using a survey
questionnaire. It includes the respondent demographic status like age, gender, job
status, educational background, etc. On the other hand, the objective data has
been collected using a standard handheld network measurement device called Nemo
Handy, Opensignal and Cloudflare speed test. It comprises three layers of quality
metrics, which are application, network and physical layers. The data collected from
six geographically distributed locations based on their monthly traffic distribution
and geographic location from April 20, 2021 to May 28, 2021 for six weeks and each
performance measurement was taken at four different times of the day: morning,

afternoon, evening and night.

4.1 Objective Data

Opensignal: As part of this research, Opensignal was employed as a data collection
strategy and its free version is available for the mobile platform and for personal
computer (PC) as well, in this research we use only the mobile platform. The instal-
lation and measurement procedures are quite simple and straightforward. Simply
download and install the App like other standard mobile applications, after success-
ful installation when a measurement is need we can run the application by a single
click on the corresponding button as shown below in figure 4.1a, and the sample
measured outputs for video streaming and data speed experience are depicted in
Figure 4.1b and Figure 4.1c.
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Figure 4.1: Opensignal Home Page and Sample Measured Outputs

As described in chapter 3 above, Opensignal allows you to measure various real-world
mobile network experience metrics, however, only the video streaming experience

and data speed experience metrics are included in this study:

e Video Experience: It is derived based on the ITU standard and quantify the
quality of videos by measuring real-world video streams from end-user devices
over different networks. In this study startup delay, stalling duration and
playback video streaming experiences have been selected as an application
layer performance and the startup delay and stalling duration measured in

second (Sec) and the playback in percentage (%).

e Speed Experience: Opensignal speed test measures the average upload,
download speed experience, and latency for each operator across their mobile
data networks. The upload and download speed experience metrics are mea-
sured in megabits per second (Mbps), is calculated on the basis of the middle
range of samples and the latency is measured in milliseconds (ms). In order
to test the download and upload speed the Opensignal speed test runs five

seconds for each measurement and for consistent and accurate latency mea-
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surement a ping test is used. Opensignal speed test doesn’t have a dedicated
test server to measure the end-to-end consumer network experience, it runs on

a common internet Content Delivery Network (CDN) servers.

Nemo Handy: In this research RSRP, SINR and Download throughput network
performance metrics were collected using the Nemo Handy tool. The collected data
is logged to the phone’s internal storage and the log files are made available in
wide range of file formats that allows easy post-processing with a Nemo Analyze
or third-party post-processing Actix Analyzer tools. Actix Analyzer is a network
performance analysis desktop solution, providing advanced drive test survey analyt-
ics, and supporting network optimization, network acceptance and validation used
in Second-Generation (2G), Third-Generation (3G), LTE, Voice over Long-Term
Evolution (VLoTE) and Fifth-Generation (5G) rollouts and it is capable of plotting
parameters on maps and display them on charts, tables, and in workbooks [42].

Figure 4.2 and shows a sample Actix Analyzer route map for a specific log file.
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Figure 4.2: Sample Actix Analyzer route map

Cloudflare speed test: In this research Cloudflare speed test is used to measure
the Jitter, it’s calculated as the average latency delta between any two consecutive
measurements and the speed is measured by downloading/uploading progressively
larger files. Figure 4.3 shows sample jitter test result measured by a Cloudflare

speed test.
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Figure 4.3: Cloudflare speed test sample measured output

4.2 Subjective Data

The subjective data collection took place in Ethiopia’s capital, Addis Ababa. The
data was collected at six distinct locations in four different zones, which were cho-
sen based on their monthly traffic distribution. Central Addis Ababa Zone (CAAZ),
South Addis Ababa Zone (SWAAZ), East Addis Ababa Zone (EAAZ), and South
West Addis Ababa Zone (SWAAZ) are the four study zones with the six individ-
ual study locations Gofa Mebrathail, Gelan, Jemo, Torhailoch, Piassa, and Atlas.
The survey questionnaire was contextually formulated to capture the LTE video
streaming users’ perceptions of stalling duration, stalling frequency and the overall
satisfaction level of video streaming users with 300 LTE video streaming service

users participating in the subjective data collection.

Determining Sample Size:
The LTE user base of ET as of November 2020 was 1,492,650, and we used the
formula in [43] to calculate the sample size.

N

n= XN (4.1)

Where n - sample size, N — Total customer, e — detection error expressed in to
percentage (5% - 10%) and thus Total customer (N) is 1,492,650, Detection error
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(e) = 6%, any value for e from 5% - 10% is acceptable.

1492650

T 11 1492650(0.05)2 Coponaents

This means, the respondents should not to be less than 278. In order to make the
research feasible the sample size of 300 subscribers from four Addis Ababa zones
were participated in the survey and random sampling was used to select the 300
respondents. The survey’s 300 participants (204 men and 96 women) were chosen
at random from the places where the research was done, and their distribution was
based on demographic information such as gender, age, educational background,

and so on. Table 4.1 provides an overview of the personal profiles of the survey

participants.
Table 4.1: Overview of the subscribers’ personal profiles.
Male 204
Gender Female 96
Under 18 years 41
18 — 25 years 89
26 — 35 years 72
Age 36 - 45 years 77
46 — 55 years 15
Above 55 years 6
Master’s degree and above 10
Bachelor’s degree 50
. University or college student | 70
Educational Backgrounds Diploma or Certificate 120
Grade 11 — 12 30
Grade 10 and below 20

The survey data was collected from the six selected specific locations at different
times of the day (morning, afternoon, evening, and night). The time from 06:00 AM
to 11:59 AM is considered a morning session, the time from 12:00 PM to 04:59 PM
is considered an afternoon, the time from 05:00 PM to 07:59 PM is considered an
evening, and the time from 08:00 PM to 12:00 AM is considered a night session. The
experiment periods of the day are depicted in Table 4.2 with a respective number of
participants and percentage of correspondents who participated in the experiment.
The majority of the video experiments (72%) were conducted in the morning and

afternoon periods.
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Table 4.2: Experiment Parts of the Day with Respective No. of Subjects Percentage.

Time Period No. of Respondents | Percentage(%)
Morning | 06:00AM - 11:59AM | 108 36
Afternoon | 12:00PM - 04:59PM | 108 36
Evening 05:00PM - 07:59PM | 48 16
Night 08:00PM - 12:00AM | 36 12
Total 300 100

Video Selection: To collect the user feedback, four YouTube videos have been
selected considering various types of video contents, which are news, sport, movie
and music with a time duration of 0:03:27, 0:02:28, 0:02:22 and 0:05:09 respectively.
The average time duration of selected videos is 0:3:21. All selected videos were
MPEG-4 files encoded using the Advanced Video Codec (AVC) at 30 frames per
second (FPS), with a video resolution of 480 pixels. Table 4.3 shows characteristics

of videos selected for the Experiment.

Table 4.3: Characteristics of videos used in subjective tests.

Category | Video Resolution | Frame Rate | Video Codec | Video Length
News 854 x 480 30 fps H.264 0:03:27
Sport 854 x 480 30 fps H.264 0:02:28
Movie 854 x 480 30 fps H.264 0:02:22
Music 854 x 480 30 fps H.264 0:05:09

Questionnaire: The ultimate goal of this research is to understand how network
QoS affects the QoE of LTE video streaming users. To investigate the relationships
between different levels of QoS and QoE, both subjective and objective data were
collected. For subjective data collection, a systematically designed survey question-
naire consisting of demographic information and users’ perceptions was used, and
for the evaluation of multimedia technologies such as video streaming, it is necessary
to convert user perception into quantitative data.

There are several subjective test methods for video quality assessment, most of
them described in the ITU recommendations. In this study, we adopt one of the
most widely used scales: the 5-point MOS scale described in the Absolute Category
Rating. (ACR) method standardized by ITU-T, as indicated in Table 4.4.
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Table 4.4: ITU-T 5-Point Scale — Absolute Category Rating.

Rating scale | Estimated Quality | Perceived Impairment

) Excellent Imperceptible

4 Good Not Annoying

3 Fair Slightly annoying

2 Poor Noticeable, Annoying

1 Bad Perceptible or Very Annoying

Demographic survey questions: The first part of the questionnaire (Demo-
graphic information) includes five questions age, gender, Job status and educational
background, which helped us to consider all the target groups and makes certain
generalizations about them, it also included the types of terminal used to watch the
video, the exact date, time and place where the video watched. In total, 300 partic-
ipants responded to the first 10 questions. The demographic questions depicted in

the hard copy are shown in Table 4.5.

Table 4.5: Contents of Demographic Questions.

Questions No. | Questionnaire Contents

Q1 Age group

Q2 Gender

Q3 Job Status

Q4 Educational background

Q5 Study zones

Q6 The name of the experiment’s location (site).
Q7 Specific location of the experiment (Indoor/Outdoor)
Q8 Terminal type

Q9 Time period

Q10 Date of experiment

Perception Survey Questions: When end users watch a streaming video, from
the service provider side it is difficult to know the QoE perceived by the end-users or
whether they are pleased or annoyed with the service. In this research, to conduct a
subjective quality test, A Closed ended Scalar/Likert questions were used [44] and
we use MOS, the widely known perceptual video quality measurement technique.
This method was used to collect the level of annoyance of selected participants based
on their point of view and perception, which was then quantified using a five-point
discrete scale (1:bad, 2:poor; 3: fair; 4:good; 5:excellent), with the average of the
values obtained from each participant being considered a MOS.

As it is depicted in Table 4.6 under the user perception survey, a total of four ques-
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tions related with video streaming quality metrics are included and each participant
was asked these questions after watching their favorite videos from the available

video contents.

Table 4.6: Contents of User Perception Survey Questions.

Questions No. Questionnaire Contents

Q1 Perception of annoyance level of initial delay

Q2 Perception of annoyance level of frequency of interrup-
tions(stalling)

Q3 Perception of annoyance level of duration time of inter-
ruptions (stalling)

Q4 The overall satisfaction level of the LTE video streaming
service

Evaluation Process: First, we created awareness of the survey’s objective and
provided clarity on each survey question to all participants, which ultimately assisted
us in completing the survey without trouble, and we installed the Open Signal apps
on the user’s smartphone. Following that, every participant filled out the first part
of the questionnaire (demographic questions) before watching the video, and then
they selected only one of the four video contents provided and watched the video
using their own mobile devices, at the same time all the application, network and
physical layer quality metrics were measured together. Once the users have finished
viewing the video, they filled the second part of the questionnaire based on the video
they just saw. Finally, the data collected from all the survey locations was converted
to an integer value according to the MOS standard.

In this survey, around 309 users were participated but outliers were removed from
the total number of participants for a variety of reasons. Outliers were identified

based on user’s feedback, such as:

e If the selected user perception score by the subscriber is more than one options

e If there is an incomplete information in both demographic and user perception

surveys

Based on the aforementioned criteria we identified 9 outliers from a total of 309
respondents; 8 of them were missing one or more user perception scores, while the

other was due to incomplete demographic information.
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4.3 System Model

Different layers QoS determining factors have various effects on video streaming ser-
vices, to understand their impact on the QoE of video streaming users, we studied
the correlation among QoE and QoS parameters. To undertake the study, we col-
lected different quality metrics from the Application, Network, and Physical layers,
while the user perception was gathered through a survey questionnaire. From the
application layer, startup delay, stalling length and playback performance metrics
were collected using Opensignal crowdsourcing tool, latency, jitter, and download
throughput, as well as RSRP and SINR performance metrics, were collected from the
network and physical layers, respectively, using Cloudflare speed tests and Nemo-

handy tools.
The LTE network QoS and QoE were evaluated in each of the study locations and

the collected data was used to create a correlation among QoE and different layers of
QoS parameters. First, we have done the correlation between MOS and application-
layer metrics; then, we studied the relationship of MOS with network and physical-
layer metrics. On the other hand, the correlation among application, network and
physical-layer metrics (the correlation between one parameter with another layer
parameter) have been studied. In general, the collected quality metrics were used as
input for the spearman rho statistical algorithm, and its result was interpreted using
the standard approach to interpreting a correlation coefficient. Figure 4.4 illustrates

system model for video streaming correlation analysis.
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Figure 4.4: System Model for LTE Video Streaming Correlation Analysis
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4.4 Correlation Coeflicient Selection

Various correlation coefficients can be used to measure correlations between differ-
ent variables. Pearson’s coefficient, Spearman’s rho coefficient, and Kendall’s tau
coefficient are the most widely used. We selected the appropriate coefficient using
the Shapiro-Wilk test presented in Study [45], which was selected as a most pow-
erful test for all types of distribution and sample sizes. According to the results
only RSRP,SINR and Latency quality metrics were normally distributed with the
significance values of .362, .038 and .553.

Therefore, as illustrated in [38] and discussed above in chapter 3, because Pear-
son Correlation Coefficient is affected by extreme values, which can exaggerate or
dampen the strength of the relationship, if we must use it, our variables should be
normally distributed; otherwise, interpretation and inferences may be unreliable or
invalid.

On the other hand, Spearman’s rho coefficient is suitable when one or both
variables are skewed or ordinal, and it is robust when extreme values are present.
As a result, it was decided that Spearman’s rho coefficient would be used in this

research.
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Chapter 5

Analysis, Results and

Interpretations

This chapter includes the LTE network’s spatial and temporal evaluation results, as
well as the correlation results and their discussion of the impact of each application,
network, and physical layer QoS metrics on video streaming QoE. Furthermore, each

result is thoroughly discussed.

5.1 Subjective Evaluation Results

Subjective metrics are the results of participant responses to the sample videos,
which is ranked based on the video streaming metrics discussed in chapter four of
this thesis work. The subjective evaluation conducted at six separate study locations
in Addis Ababa using four perceptual survey questions. The ratings used to calculate
the overall MOS value were collected from the paper-based ballot questionnaire using
a 5-point likert scale presented in chapter four.

Figure 5.1 shows that, the MOS scores varied from 2.0 to 5.0, 70.83% of par-
ticipants rated the MOS value in between 3.5 to 4.8 and the remaining 29.17% of
participants rated a score of less than 3.5. On average, a MOS result of 3.9 is ob-
tained therefore according to ITU-T standard [46], the average MOS result indicated
that some users are unhappy with the current video streaming quality.

The spatial MOS result shows where the video streaming service customers per-
ceived the worst and best quality in the LTE cellular mobile communication network.
According to the findings of the experimental evaluation, 66.67% of the sample lo-
cations (4 locations out of 6) the survey participants were not satisfied on the video

streaming quality provided by ethio telecom. In the rest, two study locations at
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Figure 5.1: Average MOS per frequency of participants

Atlas and Gelan areas the average MOS values were 4.1 and 4.3 respectively, which
means they were relatively satisfied with the service, in accordance with the above-
mentioned I'TU-T standard.

The maximum, average, and minimum MOS values achieved in all study loca-
tions are shown in Figure 5.2 below. In all research areas, the maximum MOS value
was 5. Except Gelan and Atlas in the remaining 4 study locations the lowest MOS
value was 2.0. Atlas and Mebrat had the highest and lowest average MOS, with the
values of 4.38 and 3.72, respectively.
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Figure 5.2: Result of Average MOS per Experiment Locations
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As per the survey findings, the indoor and outdoor MOS scores were reasonably
comparable, however indoor measurements indicating somewhat better results with
the average indoor and outdoor MOS values of 3.69 and 4.12 respectively. Despite
the fact that the measurements taken indoor showed better results on average, there
were several locations where the MOS was quite low. MOS can be affected by a
variety of different factors; in this case, the environment context (indoor/outdoor)
is one of the possible reasons. As shown in Figure 5.3, the LTE video streaming

customers who used the service indoor were less satisfied than those who used it

outside.
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Figure 5.3: Indoor and Outdoor MOS Difference

Morning, Afternoon, Evening, and Night are the four time periods in which the
responses of the participants were collected. As it is depicted in Figure 5.4, the
smallest MOS was measured in the majority of the research locations during the
evening and night hours. Due to the fact that the evening and night time periods
are not normal working hours, several users were expected to access the network at
the same time, therefore the MOS values at that time appears to be very small. Of
the six places surveyed, the lowest MOS value was 2.5 achieved at Mebrathail area.
Furthermore, the survey result shows the highest MOS value of 4.8 achieved during
the period of the morning at Atlas area.

The MOS results taken during the afternoon time periods were better than from
the results of evening and night time periods but they were lower than those in the
morning because users have a tendency of accessing the network during the break

time and at the end of the day it impacts the QoE of end users.
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Figure 5.4: Variation of "MOS” per Experiment Locations and Time

Figure 5.5 shows how the application layer KIPs influence the video streaming
QoE. Users with average startup delays between 1.1 - 2.0 and 2.1 - 3.0 seconds
had the highest MOS values of 4.3 and 3.6 respectively, while users with average
startup delays above 3.1 relatively had the lowest MOS of 3.1. The result shows
that, participants with longer initial delay length had the lowest MOS value, whereas
participants with shorter initial delay period had the highest MOS value. The result
also shows that the startup delay had a negative impact on video streaming perceived
quality.

Users those who watched the sample videos without stalling duration had the
highest average MOS of 4.7, whereas the MOS score dropped to 3.7 for those who
have experienced average stalling duration ranged between 0.1-1.8 seconds. Users
with a MOS value 3.0 were impacted by the average stalling duration above 1.9
seconds. From this result, we observed that video streaming perceived quality was

negatively impacted by an increase in the average duration of stalls.

The lowest MOS values of 3.5 were captured in the range of playback values
between 64.9 and 80.5 percent, on the other hand the highest MOS value were
achieved when the playback was greater than 90.0 percent. Furthermore, users
who experienced playback between 81.0 and 89.9 percent, their QoE have increased
significantly with a MOS value of 4.0. The result shows that the playback impact
on video streaming perceived quality was positive, in contrast to startup delay and
stalling duration.

In addition to technical reasons, QoE can be affected by other influential factors.
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Figure 5.5: Impact of Application KPIs on MOS

As part of this research, age and gender factors have been considered and analyzed
for their impact on MOS value.

96 female and 204 male totally 300 volunteers were participated in the survey and
as it is depicted in Figure 5.6 females respondents achieved an average of MOS 3.91,
whereas males average MOS value was 4.05, it is almost the same results. However,
considering that the number of male participants is more than double that of female
participants, it is recommended that both genders be proportional to achieve the
best results of the study.

On the other hand, participants under the age of 35 achieved a better MOS
values than those over 35, with a MOS score of 4.01 and 3.97 respectively. 201
participants were under 35 years of age, while 99 individuals were over the age of

35. Therefore, the age distribution of participants should be balanced.
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Figure 5.6: MOS per Participant’s Age and Gender

5.2 Objective Evaluation Results

In order to measure the application, network and physical layer video streaming
quality metrics the Nemohandy, Opensignal and Cloudflare speed tests apps were
used. Startup delay and stalling duration in seconds and playback performance in
percentage were evaluated from the application layer, while download throughput,
latency and Jitter, and RSRP and SINR were considered from the network and
physical layers respectively. For each of the six research locations, all measurements
were taken on the same day and at the same time in order to study their relationships
from a user’s perspective.

The Nemohandy recorded the measurements per second from the moment we
started measuring. For each measurement, it took an average of 8 minutes to com-
plete. The measured data were extracted with an excel file format using a post-
processing Actix Analyzer tool. The application and network layer quality metrics,
measured by Opensignal and Cloudflare speed tests apps, were manually collected

from the customer’s phone and analyzed using Microsoft Excel and SPSS tool.

5.2.1 Application Layer Evaluation Results

The KPIs included in the application layer are startup delay, stalling duration
and playback performance, all the three quality metrics were measured using the
Opensignal app taking into account all four time periods and six study locations.
About 17% of the users in each of the four locations, (Mebrathail, Gelan, Jemo and
Torhailoch) participated in the study, while the remaining 32% participants were

from Piassa and Atlas area, which is 16% for each.
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In all four-time periods we didn’t consider the same numbers of participants,
because in the evening and night time periods, it was very challenging to find LTE
service users who were interested to participate in the field survey. Because of that,
only 29.4% of participants took part in the evening and night time periods, while
70.6% participated in the morning and afternoon time periods. All participants
were used their own smartphone and the LTE cellular access network to stream the
sample YouTube videos and only a resolution of 854 x 480-pixel (480p) standard
definition sample videos with H264-MPEG-4 AVC video codecs used in all study
areas.

Table 5.1. depicts Opensignal evaluation results for 300 YouTube mobile stream-
ing sessions. Based on the experiment, the average startup delay was 2.1 seconds,
with maximum and minimum startup delays of 6.5 seconds and 0.7 seconds, respec-
tively. On the other hand, there was an average stalling duration of 0.8 seconds,
while the maximum stalling duration was 5.1 seconds and the average playback was

85.7 percent.

Table 5.1: Results of Application Layer Quality Metrics.

KPIS Maximum | Mean | Minimum | Std. Deviation
Startup Delay 6.5 2.1 0.7 1.3
Stalling Duration | 5.1 0.8 0 1.3
Playback 95.7 85.7 | 60 8.8

Although the startup delay of up to 6.5 seconds was recorded, the maximum
average startup delay was 2.7 seconds, captured at Jemo area. The minimum average
initial delay of 2.2 seconds were registered in both Torhailoch and Piassa areas
and on the rest three study locations an average startup delay of 2.4 seconds was
captured during the period of evaluation and all participants at each study location
experienced an initial startup delay while watching the sample videos.

The next observation was how the video streaming users experience the stalling
duration. The lowest average stalling duration was 0.4 seconds at Jemo and Gelan,
while the maximum stalling duration of 1.8 seconds was captured at Mebrathail and
on the other three study locations, the average stalling duration was 1.2 seconds.
Of the 300 participants, 62% did not experience stalling duration.

On the other hand, Atlas and Mebrathail had the highest and lowest playback,
with percentages of 86.6 and 80.2 respectively. In the rest of the four study loca-
tions, on average, 83.9 percent playback was registered.

Overall, 32.3% of the participants were experienced a playback of less than 85%.Fig-
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ure 5.7 shows the application layer quality metrics measured results per experimental

location.
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Figure 5.7: Average Startup Delay, Stalling Duration and Playback per

Experimental Locations.

In addition, we have seen what the LTE video streaming service looks like in

terms of application layer quality metrics over different periods. Figure 5.8 below

shows the results of average startup delay, stalling duration and playback over dif-

ferent time periods. the average startup delay and stalling duration for the night

session were 3.3 and 1.7 seconds, respectively. Conversely, the minimum startup

delay and stalling duration were captured in the morning session and the results

were 1.4 and 0.3 seconds. Similarly, the morning and afternoon playback results

were 90.8 and 85.8, while the evening and night playback results were 81.2 and

77.1. In general, the LTE video users perceived better experience in the morning

and afternoon sessions, while the evening and night time periods quality of service

remained bad.
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Figure 5.9 illustrate the application layer KPIs results per experimental environ-

ment context. Therefore, in an outdoor environment, the best average startup delay

and stalling duration were 2.0 and 0.7 seconds, while in an indoor context, they were

2.5 and 1.2 seconds. Maximum playback was obtained in an outdoor environment

on average with a score of 87.0 percent and in the indoor environment, a value of

81.9 percent was measured. The findings of this study shows that the measurements

taken indoor were smaller than those measured outdoor. According to [47], indoor

measurements of wireless networks were smaller than outdoor measures due to walls

and doors, metallic furniture, and other considerations.
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Figure 5.9: Application Layer KPIs per the Experimental Environment Context.
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5.2.2 Network Layer Evaluation Results

Opensignal, Cloudflare speed test tool and Nemohandy were used to measure the
network layer quality metrics (Download throughput, Latency and Jitter) while
survey participants watching YouTube video streaming sessions. The measurements
were performed in all six study locations, as shown in Figure 5.10 below which was
taken from the Huawei KML file, generated by google earth, and the locations were
selected based on their geographical distribution and monthly traffic as described in

chapter four.

Figure 5.10: Geographical Locations of the Experiments.
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Figure 5.11 shows the bar chart that illustrates network layer QoS metrics per
experimental locations. The Maximum and Minimum average download throughput
of 7.82 Mbps and 5.40 Mbps were recorded at Gelan and Torhailoch area respec-
tively, these are an average results but there were also some locations where the
download throughput was less than 1 Mbps, thus this can have substantial effects
on the video streaming service. According to a study [23], latency and jitter have
a negative impact on the quality of experience of video streaming viewers when
the delay variation is greater than 10 milliseconds. As part of this investigation,
On average, we measured the lowest and highest latency of 112.8 and 120.9ms at
Jemo and Mebrathail. Similarly, the highest and lowest Jitters scores were 67.6 and
29.0ms at Piassa and Jemo; accordingly, their impact on video streaming services

will betermined.e d
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Figure 5.11: Average Network Layer Quality Metrics per Experimental Locations.

Figure 5.12 shows the results of the network layer metrics measured in the four
different time periods when participants were watching the sample video streaming
sessions. Out of the 4 time periods, 9.5 Mbps and 7.2 Mbps download throughput
were achieved in the morning and afternoon measurements and also with these
time periods, the latency and jitter were (106.1 and 112.8 ms) and (41.4 and 47.4
ms) respectively. On the other hand, in the night hours of the day, the download
throughput was lower with the value of 4.8 Mbps and the latency and jitter increased
to 133.0 ms and 48.7 ms. The decreasing of the download throughput in the evening
and night hours and at the same time the increase in latency and jitter affect the
overall customer satisfaction, and as we have shown above in this study, the MOS

score was also decreased in the evening and nighttime periods.
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Average Network Layer Quality Metrics per Experiment Parts of
the Day
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Figure 5.12: Average Network Layer Quality Metrics per Experiment Parts of the
Day.

Looking at Figure 5.13, it can be observed that there is a difference between
the indoor and outdoor measurements. As previously mentioned, because of the
problems developed due to strong multi-path phenomena the MOS values were de-
creased in an indoor scenario. In this research, the maximum download throughput
was achieved in the outdoor environment which is 8.04 Mbps, whereas the latency

and jitter were 110.40 ms and 47.20 ms with in this environment.
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Figure 5.13: Average Network Layer Quality Metrics per Experiment
Environmental Context.

Figure 5.14 shows the Pia chart of the actual download throughput measured by

Nemohandy under different environmental conditions. Based on our data analysis,
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47% of users experienced a download throughput in between 2.08 Mbps and 5.98
Mbps, 31% of users were experienced a download throughput between 6.04 Mbps
and 9.94 Mbps and the rest 22% of the users experienced between 10.08 Mbps and
14.6 Mbps. Nearly half of the participants experienced a download throughput of
less than 5.98 Mbps, and some of them had even lower results, which are insufficient
for watching high-quality video streaming in particular, and this has a direct impact

on the customers’ satisfaction with the service.

= 2.08-5.98

m 6.04-9.94

= 10.08 - 13.99
® 14.07 - 14.6

Figure 5.14: Evaluation Results of Average Download Throughput in Mbps.

According to [48], the latency requirement should not exceed 100 milliseconds
for SD videos and 50 milliseconds for HD videos. As we have seen in Figure 5.15, in
this study 39% of participants were experienced a latency between 117 ms and 142
ms, which was the largest percentage and a latency between 91ms and 116ms, was
experienced by 38 percent of participant, which was the second highest percentage.
Generally, 70% of participants experienced more than 100 ms of latency therefore,
since this result did not satisfy the requirements of latency and jitter, we were unable
to watch videos at the expected quality level.

Similarly, the jitter requirement for SD and HD videos were described in study
[47], the jitter requirement for SD videos should not exceed 50 milliseconds, whereas
the jitter requirement for HD videos should not exceed 30 milliseconds. Figure 5.16
shows that, 41% participants had experienced the jitter between 9 and 34 ms. The
rest 59% of the LTE video streaming users had experienced jitter between 35 ms and
108 ms. Most customers experienced jitter that was greater than 35 milliseconds,
which suggests that many people did not obtain the service they wanted because of
the jitter.
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Figure 5.15: Evaluation Results of Average Latency in ms.
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Figure 5.16: Evaluation Results of Average Jitter in ms.

5.2.3 Physical Layer Evaluation Results

Figure 5.17 below shows the results of the RSRP and SINR measured values for
each of the study locations. At Gelan, the maximum average RSRP and SINR were
-83.64dBm and 13.21dB, respectively. On the other hand, the minimum average
RSRP and SINR values were -92.04dBm and 8.66dB at Piassa, respectively. As we
have seen above, the results obtained here have also been implicated in the MOS

results obtained in the same locations.
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Average RSRP and SINR per Experimental Locations
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Figure 5.17: Average RSRP/SINR achieved per Experimental Locations.

As illustrated in Figure 5.18 The best average RSRP and SINR were found to
be -87.59dBm and 10.94dB in an outdoor situation, respectively and for the indoor
environment the average RSRP and SINR were -89.57dBm and 9.20dB.
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Figure 5.18: Average RSRP/SINR Achieved per Environmental Context.

Figure 5.19 depicts the average RSRP and SINR results achieved per parts of
the day. Participants who watched the videos had the best RSRP and SINR mea-
surement results in the morning and afternoon, with average results of (-85.71 and
-88.17dBm) and ( 12.09 and 10.03dB), respectively. Participants who watched sam-
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ple videos in the evening and at nighttime periods had relatively poor RSRP and
SINR measurement results of (-89.88 and -92.69dBm) and (9.80 and 7.97dB), re-
spectively. So that users who access mobile data can easily linked to a nearest cell
tower, which means the connection (RSRP) you get will be better. However, the
average RSRP and SINR is reduced in the evening and nighttime periods. This
result shows that video streaming users are not getting good service in the evening

and night.
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Figure 5.19: Average RSRP/SINR Achieved per Parts of the Day.

As shown in Table 5.2 below, 78% of the RSRP values were between -94.95 to
-80.13, whereas 12 percent and 11 percent, respectively, fell between -102.85 and
-95.10 and -79.88 and -71.78. In [49], it is revealed that for RSRP values less than
or equal to -100 dBm, the performance drop rapidly. In our study, even though the
average measured RSRP values were larger than -102.9dBm, in some study locations
we captured less results than -102.9dBm values. For SINR values, around 33% of
users captured less than 13dB. The recommendation in [49] reveals that, with these
values, reliable data speeds may be attained, but marginal data with dropouts is

possible. When this value gets close to 0, performance will drop drastically.
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Table 5.2: Results of Physical Layer Quality Metrics.

RSRP Percentage (%) | SINR Percentage (%)
-102.85 to -95.10 | 12% -0 to 7.8 33%
-94.95 to -80.13 | 78% 8 to 13.4 43%
-79.88 to -71.78 | 11% 14.1 to 20.5 | 23%

5.3 Correlation Analysis Results

5.3.1 Correlation among MOS and Application, Network
and Physical Layer Quality Metrics.

We collected the users’ perception using a survey Questionnaire, and at the same
time, the application, network and physical layers quality metrics were collected to
conduct a correlation study among them. Accordingly, on the basis of the correlation
coefficient and P-value results, we identified which quality metrics are more influenc-
ing the MOS. This study considered the correlation between MOS and each of the
layer metrics included in this study, to identify how much each quality parameter

affects the MOS.

Tables 5.3 shows the results of spearman correlation among MOS and Applica-
tion, Network and Physical Layer Quality Metrics. When we look at the correlation
results among MOS and the application layer quality metrics, on average, the spear-
man correlation of MOS and Playback was found to be a positive strong correlation
and there is enough evidence to show the correlation is statistically significant with
the correlation coefficient and level of significance values of (r = .746, p < 0.001).
On the contrary the correlation of MOS with startup delay and stalling duration was
found to be a negative moderate correlation with a value of correlation coefficient
(r = -.667 and -.593) respectively and the significance values for both correlation
results were P < 0.001.

Furthermore, this research examined the relationship among MOS and Network
Layer Quality Metrics. On average the Download Throughput and Latency have
a moderate correlation with MOS and their correlation coefficient magnitudes were
0.684 and -0.419 respectively with p < .001 significance value for both. The negative
sign (-) of the correlation coefficient value indicates the converse relationship between
MOS and Latency. The next one the correlation result between jitter and MOS,
their relationship was negative, weaker in strength and statistically significant (r =
-.335, p < .001).
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Table 5.3: Correlation results among MOS and Application, Network and Physical
Layer Quality Metrics.

MOS

Mebrathail| Gelan | Jemo | Torhailoch| Piassa | Atlas | Average
Startup De- | -.818 -916 | -.618 =377 -.582 -.694 | -.667
lay
Stalling Du- | -.776 -.786 | -.588 | -.379 -.603 | -.428 | -.593
ration
Playback 810 902 .654 730 .664 716 | 746
DL_ 763 763 611 .626 .624 718 .684
Throughput
Latency -.329 -.735 | -.381 -413 -.338 -.319 | -.419
Jitter -.394 -570 | -415 | -.162 -.066 | -.402 |-.335
RSRP 433 702 597 371 .600 674 | .563
SINR 353 .506 561 457 571 637 | 514

In [50] the author investigated how physical layer quality metric (RSRP) affect

the QoE in video streaming for different video content types over LTE networks by
analyzing the relationship between RSRP and QoE and they find out, for RSRP
values less than -104 dBm, the MOS values dropped rapidly. Similarly in this study,
regarding the physical layer metrics and MOS relationship, on average the highest
degree of correlation achieved between RSRP and MOS, they have a strong positive
correlation with values of (r = .563, p < .001). Similarly, MOS and SINR have a
positive relationship, moderate in strength and statistically significant (r = .514, p
< .001). For the RSRP value between -100 dBm and -90 dBm the average MOS
value was around 3.6. It was also shown that MOS values declined rapidly when the
RSRP was less than -100dBm.
With respect to study locations, the highest degree of correlation was achieved at
Mebrathail between start up delay and MOS, with correlation coefficient magnitude
of (r =-.916, p < .001) and apart from Mebrathail and Gelan, for the remaining
four study locations we observed that the next highest degree of association between
playback and MOS.

In accordance with the results of this study, we identified that the playback
quality metric to be the main factor responsible for the MOS variation, that is,
Playback is the most influential factor on QoE of video streaming users. Figure 5.20
shows the scatter plot representing the correlation between playback and MOS, that
indicates a strong positive association between playback and MOS scores, that is,

when the payback increases, the level of the video streaming user’s QoE increases
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or vice versa. It should be emphasized that playback refers to the percentage of the
test time that the video is playing without loading and buffering therefore, it is the
results of the combined effect of startup delay and stalling duration. In comparison,
the startup delay has a greater impact on the MOS than the stalling duration. After
the playback, download throughput is the second most influential factor on MOS.

Correlation between Playback and MOS
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Figure 5.20: Scatter Plot Representing the Correlation between Playback and MOS.

We have also performed a regression analysis to acquire the mathematical rela-
tionship between MOS and playback quality metric. As shown in Equation 5.1, the
coefficient of playback is positive, thus a higher level of Playback giving a higher
MOS. 0.077 is the marginal effect of one unit of playback on MOS.

Y =Bo+ X +e (5.1)

MOS = §y + p1Playback + €
MOS = -2.55 + .077Playback + €

Where, X and Y are independent and dependent variables respectively. By s the

constant, [y is X's coefficient and € is the error term.
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5.3.2 Correlation between Application and Network Layer
Quality Metrics.

Users QoE could be influenced by different objective (network quality, device capac-
ity) and subjective parameters (expectations, emotion and location) [51]. In terms
of video streaming services, there are also a number of problems when the video
packets travel through the wireless network, from the lower layer all the way up to
the application layer. In this study, based on the results of a correlational analysis,
we determined which network metrics have the most influence on application layer
performance. The correlation result depicted in Table 5.4 shows, download through-
put has a higher degree of correlation with the playback quality metric with a values
of (r = .711, p < .001), which is strong positive correlation. The second highest
degree of correlation achieved in between the download throughput and stalling du-
ration (r = -.647, p < .001), their relationship was negative, moderate in strength

and statistically significant.

Table 5.4: Correlation results among Application and Network Layer Quality

Metrics.
Startup | Stalling | Playback| DL- Latency | Jitter
Delay Dura- Through
tion put

Startup Delay 1.00 .681 -.719 -.576 444 .360
Stalling  Dura- | .681 1.00 -.715 -.647 374 424
tion
Playback -.719 -.715 1.00 711 -.540 -.427
DL-Throughput | -.576 -.647 711 1.00 -.499 -411
Latency 444 374 -.540 -.499 1.00 419
Jitter .360 424 -.427 -411 419 1.00

CHAPTER 5. ANALYSIS, RESULTS AND INTERPRETATIONS 55



Correlation among QoE and QoS Parameters for LTE Video Streaming Service:

According to the correlation analysis results, it is observed that the download
throughput plays a major role for the variation of application layer quality metrics.
In other word, if there is change in download throughput then there is corresponding
significance change in the application quality metrics because they have the highest
degree of association between them. In specific, Figure 5.21 shows the scatter plot
representation of the highest degree of correlation result, which is the correlation

between download throughput and playback quality metrics.
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Figure 5.21: Scatter Plot Representing the Correlation between Download
throughput and Playback.

5.3.3 Correlation between Network and Physical Layer Qual-
ity Metrics.

By measuring the LTE physical layer quality metrics RSRP and SINR, article [52]
investigated their relationship with a download throughput for different network
loads. Accordingly, the study shows that the download throughput results within
the RSRP ranges of -130 to -125 dBm were 5286.42 Kbps and also 101295.2 Kbps.
Similarly, as depicted in Table 5.5, we studied the correlation among physical layer
quality metrics and network layer performance metrics in order to determine which
quality metric is the more influential on network layer quality metrics. As a result,
RSRP and SINR had positive strong correlation with download throughput having

a correlation coefficient values of (r = .778 and r = .773) respectively, while they
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have negative moderate correlation with latency and jitter (r = -.421 and r = -.407),

the significance level for both conditions was p < 0.001).

Table 5.5: Correlation results among Network and Physical Layer Quality Metrics.

DL Through- | Latency | Jitter RSRP SINR
put
Download 1.00 -0.499 -0.411 0.778 0.773
Throughput
Latency -0.499 1.00 0.419 -0.421 -0.407
Jitter -0.411 0.419 1.00 -0.487 -0.432
RSRP 0.778 -0.421 -0.487 1.00 0.798
SINR 0.773 -0.407 -0.432 0.798 1.00

Looking at the correlation results obtained separately from all study locations,
except Mebrathail and Jemo on the other study areas the download throughput has
a higher degree of correlation with RSRP and SINR. In this case, at Mebrathail and
Jemo, the download throughput mostly affected by other wireless network impair-
ments, mainly the increase in the number of users and the like, but the influence of
RSRP and SINR is not negligible. For the rest four locations, RSRP was the most
influential factor. The scatter plot in Figure 5.22 below shows that RSRP and SINR
have a positive relationship with Download throughput, thus when RSRP and SINR

increase, the Download throughput increases as well.
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Correlation among Download throughput, RSRP and SINR
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Figure 5.22: Scatter Plot Representing the Correlation among Download
Throughput with RSRP and SINR.

SINR is one of the impairments that might lower the efficiency of an LTE net-
work’s download throughput, and we determined that it has a significant relationship
with download throughput in this study. On the other hand, their mathematical
relationship can be represented using the below equation, and the download through-
put efficiency was calculated as Shannon channel capacity formula[53, 54], In the

case of the single-input single-output (SISO) a Shannon capacity formula used:

Spaz(bits/s/Hz) = logy(1 + SNR) (5.2)

The Shannon capacity for general MIMO with perfect transmitted knowledge is:

min(ny,ng)

Smas(bits/s/Hz) = Y log,(1+ SNRy) (5.3)

Where nT and nR are the number of transmit and receive antennas respectively
and SNRk denotes the resulting SNR of the kth spatial sub-channel which is in-

28 CHAPTER 5. ANALYSIS, RESULTS AND INTERPRETATIONS



Correlation among QoE and QoS Parameters for LTE Video Streaming Service:

fluenced by the eigenvalue, the noise/interference, as well as the allocated transmit
power on that sub-channel. However, for LTE MIMO antenna system and to address

different implementation issues a modified Shannon capacity formula were used:

Smaz(bits/s/Hz) = BW _eff*n*logy(1+ SNR/SNR_eff) (5.4)

Here BW_eff adjusts for the system bandwidth (BW) efficiency of LTE and
SNR_eff adjusts for the SNR implementation efficiency of LTE. The factor is a

correction factor which nominally should be equal to one [53].
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Chapter 6

Conclusion and Future Work

6.1 Conclusion

Even though the video streaming service is influenced by human, system, context
and content related influencing factors, studying the correlation among QoE and
QoS different factors is the main purpose of this thesis. Additionally, we investigate
the spatio-temporal network measurement variations in terms of video streaming
service. In order to see how one layer influences the other layers, we divided the
correlation study into three sections: The correlation of MOS with the three layers of
quality metrics (application, network, and physical layer), application and network
layer quality metrics correlation, and network and physical layers quality metrics
correlation.

The study was conducted in six geographically distributed locations in Addis
Ababa, under four zones. Totally eight basic quality metrics have been identified:
startup delay, stalling duration and playback performance as well as latency, jitter
and download throughput from application and network layers respectively and
RSRP and SINR from physical layer. Along with quality metrics, subjective data
have been collected that show us how users perceive the quality of service. Data has
been collected using Nemohandy, Opensignal and Cloudflare speed test together
with crowdsourced approach. For subjective quality metrics three hundred LTE
subscribers of ethio telecom in Addis Ababa were asked to complete a questionnaire
after watching the sample video.

In this study, we determined that there is a MOS problem because its value
was found to be 3.9, therefore to determine the cause of this problem; we studied
the correlation among MOS and other QoS parameters. The results of the quality

metrics evaluation shows that, the average, startup delay and stalling duration are
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2.1 and 0.8 seconds, and the average playback is 85.7%. On the network side, the
average download throughput, latency, and jitter results are 7.42Mbps, 113.7ms,
and 47.29ms, respectively, and the average RSRP and SINR are -88.10dBm and
10.49dB from physical layer.

In order to increase customer satisfaction, HD video streaming services are rec-
ommended, but to watch HD and greater video quality, a latency of less than 50ms
and jitter values of less than 30ms are required. However, the findings obtained
here are higher than the recommended values. As a result, this consequence may
decrease the satisfaction level of video streaming users and the MOS result reflected

this trend as well.

In the first subsection, a higher degree of correlation achieved between MOS
and playback with a strongly positive and statistically significant values of (r =
746, p < 0.001). Here our main finding is that MOS is mainly lowered by playback,
implying that, playback is the main factor responsible for the MOS variation. In the
second subsection, it is observed that there is a higher correlation between download
throughput and playback (r =.711, p < 0.001). As a result, download throughput
is the primary cause of variation in application layer quality metrics. The RSRP
and SINR results for Mebrathail and Jemo were good, but the network quality
measurements were poor, and furthermore, network-layer quality metrics have a low
correlation with RSRP and SINR. This implies that while RSRP and SINR are
good, network layer metrics may not be good due to other factors like increase in

the number of users and etc. and spatial structure is an important factor affecting
QoS as well as QoE.

In the morning time period, we were able to get the highest MOS values and the
MOS values in the afternoon were higher than those in the evening and nighttime
measurements. Because users have a tendency to connect to the network during
downtime, which has a detrimental influence on end-user QoE. The study also shows
that at Mebrathail and Jemo in particular during the evening and nighttime periods,
it is not suitable for video streaming services, possibly due to congestion or higher
distance from the serving cell. This implies that the QoS varies at different locations

and times of the day on the cellular network.

This study helps ET in understanding the current network quality challenges
in various locations and times in terms of video streaming services and currently,
when video streaming related problems occur in ET quality and optimization teams,
they take immediate measurements and corrective actions, but there is a gap in

investigating the root cause of the problems. Therefore, from this thesis work,
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Ethio telecom can understand the gap of recent root cause analysis approaches. This
approach is a customer centric approach; it allows to analyze the correlation among
QoS parameters and QoE from different perspectives. Moreover, this approach
shows how spatial and temporal aspects are important factors influencing the QoE
and it is easily adaptable to other application environments. Eventually, it helps to
improve customer satisfaction and, in the future competitive environment; it helps

to mitigate customer migration concerns.

6.2 Future Work

The following areas are recommended for future work.

e This research was limited to Addis Abeba, the capital of Ethiopia. Therefore,
in order to have a complete picture, future works may include other cities

where the service is available.

e As the video streaming service is available at different quality levels, future
research could benefit from including multiple resolution videos, such as 720P,
1080p, etc.

e A variety of technologies, such as tablets and comparable video-enabled de-

vices, as well as smart TVs, could be used in future studies.

e This thesis work is limited to YouTube-based video streaming services over
LTE; however, future work may incorporate other Internet services and tech-

nologies, such as LTE Advanced.

e Consider the joint effect of quality metrics on QoE.
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Appendix A

Sample SPSS Correlation results

Startup| Stalling| Play- | Througt Latency Jitter | RSRP | SINR
Delay | Dura- | back hput
tion
Corr. 1 0.736 | -0.985 | -0.839 | 0.355 | 0.194 |-0.736 |-0.653
Coefti-
cient
Sig.  (2- 0 0 0 0.011 0.173 |0 0
tailed)
Startup | N 51 51 51 51 51 51 51 51
Delay
Corr. 0.736 |1 -0.705 | -0.605 | 0.278 | -0.074 | -0.578 | -0.468
Coeffi-
cient
Sig. (2- |0 0 0 0.049 |0.604 |0 0.001
tailed)
Stalling | N 51 51 51 51 51 51 51 51
Dura-
tion
Corr. -0.985 | -0.705 |1 0.826 | -0.388 | -0.206 | 0.7 0.647
Coefti-
cient
Sig. (2- 10 0 0 0.005 |0.146 |0 0
tailed)
Playback| N 51 51 51 51 51 51 51 51
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Appendix B

Subjective Metrics Questionnaire

Part I: Please select one choice from the given options for your demo-

graphic status.

Age?
() - Under 18 years
()- 18- 25 years
() -26- 35 years
() - 36 - 45 years
() - 46 - 55 years
() - Above 55 years
Gender?
() - Male
() - Female

Current job status?

() - Investor

() - Employed

() - Not employed

() - Business Owner
Educational background?

() - Master’s degree and above
- Bachelor’s degree
- University or college student
- Diploma or Certificate

- Grade 11 - 12
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Specific location where you watched the video?
() - Mebrat Haile

Where do you watched the video?
() - Indoor
() - Outdoor
Terminal type (The type of device you used to watch the video)?
() - Smartphones
() - Tablets
() - Computers
() - Smart TV
() - Others
Select the time period you watched the video?
() - Morning (06:00AM - 11:59AM)
() - Afternoon (12:00PM - 04:59PM)
() - Evening (05:00PM - 07:59PM)
() - Night (08:00PM - 12:00AM)

Part II: User Perception.

Please select one choice from the given options corresponding to the stated questions.

1. How would you evaluate the perception of annoyance level of initial delay (the
time spent from the moment you request the video until the playback begins?

() - Imperceptible
() - Perceptible, but not annoying
() - Slightly annoying

() - Annoying
()-

Very annoying
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2. How do you perceive the annoyance level of frequency of pausing (stalling) during
the video session?

() - Imperceptible

() - Perceptible, but not annoying

() - Slightly annoying

() - Annoying

() - Very annoying
3. How do you perceive the annoyance level of duration time of each pausing
(stalling) during the video session?

() - Imperceptible

() - Perceptible, but not annoying

() - Slightly annoying

() - Annoying

() - Very annoying
4. Overall, how satisfied or dissatisfied are you with the LTE network video stream-
ing service.

() - Very Satisfied

() - Somewhat satisfied

() - Neither satisfied nor dissatisfied

() - Somewhat dissatisfied

() - Very dissatisfied

5. Any additional experience or comments. -
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Abstract— The growth in prevalence of smartphones and the
increasing popularity of multimedia video streaming services
resulted in impressive demand growth and a significant need for
Quality of Service (QoS); following that making the video
streaming services available to users at a cost effective way
without compromising quality is a big challenge. In this paper,
we analyze the correlation among Quality of Experience (QOE)
and QoS parameters for video streaming service over LTE
network in Addis Ababa, to identify the level of impact of QoS
parameters on QOoE of video streaming users and indicate
measurement variations depending on video streaming service
requirements. The survey included 300 Long Term Evolution
(LTE) video streaming users from six different locations, and we
collected data using the Nemo Handy, Opensignal, and the
Cloudflare speed test. On average, a MOS result of 3.9 is
obtained, and the analysis result reveals that the playback is the
main factor responsible for the variation of Mean Opinion Score
(MOS). The main reason for the variance in application layer
quality metrics is download throughput, and network layer
quality matrices are influenced by an increase in the number of
users and other factors, rather than Reference Signal Received
Power (RSRP) and Signal-to-Interference-plus-Noise Ratio
(SINR), in some of the study locations. On the other hand,
measured latency and jitter results, in particular during the
evening and night periods are insufficient to watch standard and
higher definition videos at the desired quality level. Within these
time periods, the MOS values are less than 3.3.

Keywords— Key words: LTE, QoE, QoS, Correlation,
Subjective Measurement and Objective Measurement.

. INTRODUCTION

Most of the connections to video platforms and social
networking applications originate from wireless cellular
mobile communication networks. This massive access from
wireless networks introduces several issues. Following that,
telecom service providers are increasing the access speed that
allows a huge number of users and changing the way of
managing the mobile communication network to guarantee
QoS. The 3GPP has defined the 4th mobile generation radio
technology, named LTE or the Evolved Universal Terrestrial

Access Network (E-UTRAN), to provide wireless broadband
with respect to QoS support [1,2].

The quality concept takes two forms, which are QoS and
QOE. QoS is the network quality evaluated from a technical
perspective to determine network performance, through
measuring several factors (i.e., throughput, available
bandwidth, delay, error probability, jitter, packet loss, etc.)
[3]. According to the International Telecommunication Union
(ITU) recommendation, the quality of service was defined as
a collective effect of service performance, which determines
the degree of satisfaction of a user of the service. On the other
hand the QoE is the Degree of delight or annoyance of the user
of an application or service as perceived subjectively includes
the complete end-to-end system effects ... maybe influenced
by user state, content and context [4].

Video streaming services are one of the dominant services
around the world [5]. Similarly, a recent study in the Ethiopian
capital, Addis Ababa, shows that video streaming services
have the largest share of LTE services [6]. Although the
service has a large number of users and generates better
revenue, there are many complaints about the service [7, 8].
Hence, it is very important to investigate the current network
performance to demonstrate the extent to which the areas
surveyed are sufficient for different video quality and study
correlation among QoE and QoS parameters to identify the
most influential factors on the QoE of end users. In this paper,
we study the correlation among application, network and
physical layer quality metrics as well as their relationship with
QOE. Figure 1 shows the methodology used for this research.

Comlnti Analysis
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Fig. 1. Methodology
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The rest of this paper is structured as follows. Section 1l
highlights the related works. Section Ill discusses QoS/QoE
measurement and correlation analysis approaches. Section IV
addresses analysis results and Interpretations and finally
conclude this paper in section V.

Il. RELATED WORK

In [9], the author investigated the relationship among three
levels of QoS (network, application, and user QoS) for
Hypertext Transfer Protocol (HTTP) video streaming services
to understand how the network QoS affects the QoE of video
streaming users. As a network QoS Round-trip Time (RTT),
packet loss rate, and network bandwidth have been used,
Initial buffering time, mean rebuffering duration, and
rebuffering frequency are considered as application QoS and
from the user side MOS is used. The author finally proposed
three-level performance metrics for HTTP video streaming
and identified the rebuffering frequency to be the main factor
responsible for the MOS variance.

V. D. Bhamidipati investigated the effect of delay and
delay variation on the QoE of video streaming end-users in
[10]. The perceived QoE for different streaming sessions has
been collected using MOS and finally the author figures out
the threshold level of delay that is acceptable by the users, the
tolerance of users for different delay levels, and the effect of
packet delay. The acceptable tolerance was found to be + 8ms
and £ 10ms for different video types. and the author concluded
that when delay and delay variation increase above +10ms the
QOE decreases.

The author of [11] evaluated user perception of videos
(MQOS), objective video quality metrics (Video Quality Metric
(VQM), Structural Similarity (SSIM), and Peak Signal Noise
Ratio (PSNR)), and network QoS (Packet loss, jitter, and
reordering) to find the correlation between QoS and QoE. The
video resolutions of 480p, 720p, and 1080p are considered,
and a three-phase evaluation method is introduced. Finally,
the author concluded that MOS is affected by the previous
experiences of the watchers and that linear combinations of
some QoS metrics can correlate well with MOS values.

[12] presents a video streaming QoE evaluation over 3G
networks for Android-based smartphone users. This paper
considered the application and network layer quality metrics
(average video resolution watched, average initial latency, the
average number of stalling events, average total stalling
length, and average buffer level) as well as network-level
parameters such as average download throughput to show the
relationship between QoE and QoS. As aresult, the correlation
between the average acceptability range and the MOS has
been found to be strong with a correlation coefficient and
significant level values of (r=0.852, p=0.01) and the download
throughput was lower than the recommended values, with an
overall MOS score of 2.79.

I1l.  DATA COLLECTION AND CORRELATION ANALYSIS
APPROACHES

A. Subjective and Objective Data Collection

The data collection process involves spacial and temporal
aspects. From video experience, we measured startup delay
and stalling duration in seconds (Sec) and playback in
percentages (%). From the speed experience, latency in
milliseconds (ms) was measured. RSRP, SINR, and
Download throughput measurements were collected using

Nemohandy hand held measurement tool, and Actix Analyzer
is used to retrieve data from Nemohandy in a variety of ways
and also it has a capability of plotting parameters on maps and
display them on charts, tables, etc. The jitter measurement is
collected by a Cloudflare speed test, calculated as the average
latency delta between any two consecutive measurements and
it is measured by downloading/uploading progressively larger
files.

On the other hand, the subjective survey questionnaire was
carefully developed to capture LTE video streaming users'
perceptions of stalling duration, stalling frequency, and
overall satisfaction level. The data was collected from six
distinct places in four different zones which were chosen
based on their monthly traffic distribution and at different
times of a day (morning, afternoon, evening and night).

There are several subjective tests methods for video
quality assessment, most of them described in the ITU
recommendations. In this study, we adopt one of the most
widely used scales: the 5-point MOS scale described in the
Absolute Category Rating (ACR) method (1:bad, 2:poor; 3:
fair; 4:good; 5:excellent), which are standardized by ITU-T.
Table | provides an overview of the personal profiles of the
survey participants.

TABLE 1. A SUMMARY OF THE PARTICIPANTS' PERSONAL
PROFILES.

Gender Male 204
Female 96
Under 18 years 41
18 — 25 years 89
26 — 35 years 72

Age 36 — 45 years 77
46 — 55 years 15
Above 55 years 6
Master’s degree and above 10
Bachelor’s degree 50

Educational University or college student 70

Backgrounds Diploma or Certificate 120
Grade 11 12 30
Grade 10 and below 20

B. Determining Sample Size:

The sample size was calculated using the formula found
in [13]

N
= ane? M

Where n - sample size, N — Total customer, e — detection
error expressed in to percentage (5% -10%) and thus the
detection error (e) = 6%, any value for e from 5% - 10% is

acceptable.
~ 278 Respondents

The respondents should not to be less than 278. In order to
make the research feasible the sample size of 300 subscribers
from four Addis Ababa zones were participated in the survey.

C. Correlation Coefficient Selection

Various correlation coefficients can be used to measure
correlations between different variables. Pearson's coefficient,
Spearman'’s rho coefficient, and Kendall's tau coefficient are
the most widely used. We selected the appropriate coefficient
using the Shapiro-Wilk test presented in study [4], which was
selected as a most powerful test for all types of distribution



and sample sizes. According to the results only RSRP,SINR
and Latency quality metrics were normally distributed with
the significance values of .362, .038 and .553. Therefore,
because Pearson Correlation Coefficient is affected by
extreme values, which can exaggerate or dampen the strength
of the relationship, if we must use it, our variables should be
normally distributed; otherwise, interpretation and inferences
may be unreliable or invalid.

On the other hand, Spearman's rho coefficient is suitable
when one or both variables are skewed or ordinal, and it is
robust when extreme values are present. Therefore, As a
result, it was decided that Spearman's rho coefficient would be
used in this research. The formula for computing the
Spearman's correlation coefficient for a correlation between
variables x and y is given by:

— 62:?=1 d; 2
s = n(n?-1) @

Where d; is the difference in ranks for x and y.

IV. ANALYSIS, RESULTS AND INTERPRETATIONS

A. Subjective Evaluation Results

Subjective metrics are the results of participant responses
to the sample watched videos. On average, a MOS result of
3.9 is obtained and the MOS scores varied from 2.0 to 5.0.
70.83% of participants rated the MOS value in between 3.5 to
4.8 and the remaining 29.17% of participants rated a score of
less than 3.5. According to ITU-T standard [14], the average
MOS result indicated that some users are unhappy with the
current video streaming quality. MOS can be affected by a
variety of different factors; in this case, the environment
context (indoor/outdoor) is one of the possible reasons. As
shown in Figure 2, the LTE video streaming customers who
used the service indoor were less satisfied than those who used
it outside.

Indoor and Outdoor MOS Difference

MOS
g

2001

Ind:m 0\1:‘00!
Experiment Environment Context

Fig. 2. Indoor and Outdoor MOS Difference

Morning, Afternoon, Evening, and Night are the four
periods in which the responses of the participants were
collected. The smallest MOS was measured in the majority of
the research locations during the evening and night hours. Due
to the fact that the evening and night time periods are not
normal working hours, several users were expected to access
the network at the same time, therefore, of the six places
surveyed, the lowest MOS value was 2.5 achieved at
Mebrathail area.

In addition to technical reasons, QOE can be affected by
other influential factors. As part of this research, age and
gender factors have been considered and analyzed for their
impact on MOS values.

Female respondents achieved an average of MOS 3.91,
whereas males average MOS value was 4.05. On the other
hand, participants under the age of 35 achieved a better MOS
values than those over 35, with a MOS score of 4.01 and 3.97
respectively. The number of male participants is more than
double that of females and 201 participants were under 35
years of age, while 99 individuals were over the age of 35.
Therefore, it is recommended that both age and gender
distribution of participants should be proportional to achieve
the best results of the study.

B. Objective Evaluation Results
1) Application Layer Evaluation Results

Table I depicts Opensignal evaluation results for 300 You
Tube mobile streaming sessions. Based on the experiment, the
average length of the startup delay was 2.1 seconds, with
maximum and minimum startup delays of 6.5 seconds and 0.7
seconds, respectively. On the other hand, there was an
average stalling duration of 0.8 seconds, while the maximum
and the minimum stalling duration were 5.1 and 0 seconds and
the average playback was 85.7 percent.

TABLE I1. OPENSIGNAL EVALUATION RESULTS OF VIDEO
STREAMING METRICS
KPIS Maximum Mean Minimum S.tdf
Deviation

Startup
Delay 6.5 21 0.7 13
Stalling
Duration 5.1 0.8 0 13
Playback 95.7 85.7 60 8.8

When we observe the results of average startup delay,
stalling duration and playback over different time periods: The
average startup delay and stalling duration were recorded
during the night session with a score of 3.3 and 1.7 seconds,
their minimum scores were 1.4 and 0.3 seconds captured in
the morning session. Similarly, the morning and afternoon
playback results were 90.8 and 85.8, while the evening and
night playback results were 81.2 and 77.1. In general, the LTE
video users perceived better experience in the morning and
afternoon sessions, while the evening and night time periods
quality of service remained bad.

On the other hand, the measurements taken indoor were
smaller than those measured in outdoor. The average startup
delay and stalling duration achieved in an outdoor
environment were 2.0 and 0.7 seconds, respectively, while 2.5
and 1.2 seconds were got from the indoor measurement..
According to [15], indoor measurements of wireless networks
were smaller than outdoor measures due to walls, doors,
metallic furniture, and other considerations.

2)  Network Layer Evaluation Results

According to a study [10], latency and jitter have a
negative impact on the quality of experience of video
streaming viewers when the delay variation is greater than 10
milliseconds. As part of this investigation, morning and
afternoon measurements showed 9.5 Mbps and 7.2 Mbps
download throughput, respectively, and the latency and jitter
during this time periods were (106.1 and 41.4 ms) and (112.8
and 47.4 ms), respectively.



On the other hand, download throughput was low at 4.8
Mbps during the night hours of the day, while latency and
jitter increased to 133.0 ms and 48.7 ms, respectively.

The decreasing of the download throughput in the evening
and night hours and at the same time the increase in latency
and jitter affect the overall customer satisfaction, and within
these time periods, the MOS score was also decreased. From
a geographical standpoint, the maximum and minimum
average download throughputs of 7.82 Mbps and 5.40 Mbps,
recorded in the Gelan and Torhailoch areas respectively.
These are average results, but there were some locations
where the download throughput was less than 1 Mbps, which
could have a significant impact on the video streaming
service.

As we have seen in Figure 3, the maximum download
throughput was achieved in the outdoor environment that is
8.04 Mbps, whereas the latency and jitter were 110.4 and 47.2
ms with in this environment.

Network Layer KPIs per
Experiment Environment Context

WDL_Throughput
BLatency
DJtter

Indoor Outdoor

Experiment Environment Context

Fig. 3. Average DL_Throughput/Latency/Jitter results per Experiment
Environmental Context.

According to [16], the latency requirement should not
exceed 100 milliseconds for SD videos and 50 milliseconds
for HD videos. In this study, 39 percent of participants
experienced a latency between 117 and 142 milliseconds,
which was the greatest percentage, and 38 percent of
participants experienced a latency between 91 and 116
milliseconds, which was the second highest percentage.
Generally, 70% of participants experienced more than 100 ms
of latency. As a result, users were unable to watch movies at
the desired quality level because this result did not meet the
latency and jitter requirements.

3) Physical Layer Evaluation Results

When we look at RSRP and SINR results in terms of
location, Gelan has the highest average RSRP and SINR with
83.64dBm and 13.21dB, respectively. At Piassa, we achieved
the minimum average RSRP and SINR values of -92.04dBm
and 8.66dBm, respectively. As we can see from the MOS
results above, the results obtained here have been implicated
in the MOS results obtained in the same locations.

Participants who watched the videos had the best RSRP
and SINR measurement results in the morning and afternoon,
with average results of (-85.71 and -88.17dBm) and ( 12.09
and 10.03dB), respectively, therefore, customers who access
mobile data with in these periods can simply connect to a
nearby cell tower, resulting in a better connection. The RSRP
and SINR measurement values for participants who watched
sample videos in the evening and at night were (-89.88 and -
92.69dBm) and (9.80 and 7.97dB), respectively, which were
lower than those in the morning and afternoon. In the evenings
and at night, the average RSRP and SINR were lower. This

finding indicates that video streaming users do not have
reliable service in the evenings and at night.

Even though the average measured RSRP values in this study
were higher than -102.9dBm, in some study locations we
captured poor results. For SINR values, around 33% of users
captured less than 13dB. The recommendation in [17] reveals
that, with these values, reliable data speeds may be attained,
but marginal data with dropouts is possible. When this value
gets close to zero. performance will drop drastically.

C. Correlation Analysis Results

1) Correlation among MOS and Application, Network
and Physical Layer Quality Metrics.

When we look at the correlation results among MOS and
the application layer quality metrics, on average, the spearman
correlation of MOS and Playback was found to be a positive
strong correlation and there is enough evidence to show the
correlation is statistically significant with the correlation
coefficient and level of significance values of (r = .746, p <
0.001). On the contrary the correlation of MOS with startup
delay and stalling duration was found to be a negative
moderate correlation with a value of correlation coefficient (r
=-.667 and -.593) respectively and the significance values for
both correlation results were P < 0.001.

With respect to study locations, the highest degree of
correlation was achieved at Mebrathail between startup delay
and MOS, with correlation coefficient magnitude of (r =-.916,
p < .001) and apart from Mebrathail and Gelan, for the
remaining four study locations we observed that the next
highest degree of association between playback and MOS.

In accordance with the results of this study, we identified
that the playback quality metric to be the main factor
responsible for the MOS variation, that is, Playback is the
most influential factor on QoE of video streaming users.
Figure 4 shows the scatter plot representing the correlation
between playback and MOS, that indicates a strong positive
association between playback and MOS scores, when the
payback increases, the level of the video streaming user's QoE
increases or vice versa.
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Fig. 4. Scatter Plot Representing the Correlation between Playback and
MOS.

2) Correlation between Application and Network
Layer Quality Metrics.

Users QoE could be influenced by different objective
(network quality, device capacity) and subjective parameters
(expectations, emotion and location) [18]. In terms of video
streaming services, there are also a number of problems when
the video packets travel through the wireless network, from
the lower layer all the way up to the application layer. In this



study, based on the results of a correlational analysis, we
determined which network metrics have the most influence on
application layer performance.

Download throughput has a higher degree of correlation
with the playback quality metric with a values of (r =.711, p
<.001), which is strong and positive correlation. The second
highest degree of correlation achieved in between the
download throughput and stalling duration (r = -.647, p <
.001), their relationship was negative, moderate in strength
and statistically significant.

According to the correlation analysis results, it is observed
that the download throughput plays a major role for the
variation of application layer quality metrics than latency and
jitter . In other word, if there is change in download throughput
then there is corresponding significance change in the
application quality metrics because they have the highest
degree of association between them. Figure 5 shows the
scatter plot representation of correlation between download
throughput and playback quality metrics.
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100.00
oofiipgo B  80° &
o
~ 90,00 o O@O 2
g & 0 o
3
s 0%8
£ 8000
L
o o
70,00
(]
oO
60.00—— i T T T T
00 500 1000 1500 2000 2500
Download  ThroughpLt(Mbps)

Ul bl

Fig. 5. Scatter Plot Representing the Correlation between Download
throughput and Playback

3)  Correlation between Network and Physical Layer
Quality Metrics.

RSRP and SINR had positive strong correlation with
download throughput having a correlation coefficient values
of (r = .778 and r = .773) respectively, while they have
negative moderate correlation with latency and jitter (r = -.421
and r = -.407), the significance level for both conditions was
p <0.001).

Looking at the correlation results obtained separately from
all study locations, except Mebrathail and Jemo on the other
study areas the download throughput has a higher degree of
correlation with RSRP and SINR. In this case, at Mebrathail
and Jemo, the download throughput mostly affected by other
wireless network impairments, mainly the increase in the
number of users and the like, but the influence of RSRP and
SINR is not negligible. For the rest four locations, RSRP was
the most influential factor. The scatter plot in Figure 6 below
shows that RSRP and SINR have a positive relationship with
Download throughput, thus when RSRP and SINR increase,
the Download throughput increases as well.

SINR is one of the impairments that might lower the
efficiency of an LTE network's download throughput, and we
determined that it has a significant relationship with download
throughput in this study.

Correlation among Download throughput, RSRP and SINR
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Fig. 6. Scatter Plot Representing the Correlation among Download
Throughput with RSRP and SINR.

On the other hand, their mathematical relationship can be
represented using the below equation 3. For LTE Multiple-
input-multiple-output  (MIMO) antenna systems, the
download throughput efficiency was calculated using the
Shannon channel capacity formula [19, 20], and to address
different implementation issues, a modified Shannon capacity
formula was used:

S(bits/s/Hz) =BW _ eff* n * log2(1 +SNR/ SNR_ eff) 3)

Here BW_eff adjusts for the system bandwidth (BW)
efficiency of LTE and SNR_eff adjusts for the SNR
implementation efficiency of LTE. The factor 1 is a correction
factor which nominally should be equal to one.

V. CONCLUSION AND FUTURE WORK

A. Conclusion

Even though the video streaming service is influenced by
human, system, context and content related influencing
factors, studying the correlation among QOE and QoS
different factors is the main purpose of this thesis.
Additionally, we investigate the spatio-temporal network
measurement variations in terms of video streaming service.

As we can see from the results of the measurement, the
latency and jitter results are not sufficient for video streaming
services in most of the study locations, especially in the
evening and night hours. For example, in order to watch HD
and greater video quality, a latency of less than 50ms and jitter
values of less than 30ms are required. However, the findings
obtained here are higher than the recommended values. As a
result, this consequence may decrease the satisfaction level of
video streaming users and the MOS result reflected this trend
as well, which is 3.9 on average.

The correlation results show that MOS is mainly lowered
by playback, implying that playback is the main factor
responsible for the MOS variation. On the other hand, it is
observed that there is a higher correlation between download
throughput and playback (r =.711, p.001) than lattency and
jitter. As a result, download throughput is the primary cause
of variation in application layer quality metrics. While the
RSRP and SINR results were good in the two study locations,
Mebrathail and Jemo, the network quality measures were
poor. In addition, RSRP and SINR have a weak relationship
with network-layer quality indicators. This implies that while
RSRP and SINR are good, network layer metrics may not be
good due to other factors like increase in the number of users



and etc. and spatial structure is an important factor affecting
QoS as well as QoE.

The study also shows that at Mebrathail and Jemo in
particular during the evening and nighttime periods, it is not
suitable for video streaming services, possibly due to
congestion or higher distance from the serving cell. This
implies that the QoS varies at different locations and times of
the day on the cellular network. In addition, from this thesis
work, Ethio telecom can understand the gap of recent root
cause analysis approaches.

B. Future Work
The following areas are recommended for future work.

(1]

[2]

B3]

(4]

[5]

(6]

[7]

(8]

This research was limited to Addis Abeba, the capital
of Ethiopia. Therefore, in order to have a complete
picture, future works may include other cities where
the service is available.

As the video streaming service is available at different
quality levels, future research could benefit from
including multiple resolution videos, such as 720P,
1080p, etc.

A variety of technologies, such as tablets and
comparable video-enabled devices, as well as smart
TVs, could be used in future studies.

This thesis work is limited to YouTube-based video
streaming services over LTE; however, future work
may incorporate other Internet services and
technologies, such as LTE Advanced.

Consider the joint effect of quality metrics on QoE.
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