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Abstract. The concepts of QoE (quality of experience), QoS (quality of service), and GoS (goal of service)
are commonly discussed in network performance and user satisfaction studies. Although QoE has become a po-
pular topic in research, the boundaries between QoS and QoE are often blurred, making it difficult to clearly define
them. This paper examines the differences and relationships between these terms with regard to their practical
applications. QoS is a subjective metric that reflects how users perceive a service. It is influenced by personal pre-
ferences and various environmental factors. GoS measures the probability of a successful connection or call under
certain conditions. The results showed that implementing QoS features such as traffic prioritization can positively
affect both GoS and QoE by reducing packet loss and improving service reliability. It is shown how network
performance management using QoS tools can improve user experience and overall service reliability, providing
a clearer understanding of how these concepts interact in practice.
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CPABHUTEJIBHBIN AHAJIN3 ITIOKA3ATEJIEM QoS, GoS U QoE
ITPY OLIEHKE ITPOU3BOJIUTEJIBHOCTHU CETH

B. A. KACYMOB, JI. P. 3SEMHAJIJIbI-TYCEMH3A/JIE, I. A. 3AXUJIOBA

baxunckuu unorceneproiil ynugepcumem (Xoipoanaw, Azepbatioxcanckas Pecnyonuxa)

Annotanus. Konnenimu QoE (kauectBo B3anMoeiictBus), QoS (kauecTBo 00cayxuBanusi) 1 GoS (ypoBeHb 00-
CITy)KMBaHMA) OOBIYHO OOCYKAAIOTCS B MCCIIEIOBAHUAX MPOU3BOANTEIBHOCTH CETH M YOBIETBOPEHHOCTHU MOJIb-
3oBareneid. Hecmotps Ha To, uto QOE cTano nomymsipHON TeMOH B HCCIEeA0BaHUAX, IpaHullbl Mexay QoS u QoE
9acTO PAa3MBITHI, UTO 3aTPYAHIET UX YETKOE ONpeeseHue. B craTbe paccMOTPEHBI pa3indus U CBA3H MEXIY ITH-
MH TEPMHHAMH C yYETOM HX MPAKTUYECKOTO NpuMeHeHus. KauecTBo oOcoyXxuBaHus — 3T0 CyOBEKTUBHBIH ITOKa-
3aTenb, OTPAXKAIOMNI TO, KaK IOJIb30BATEIN BOCIPUHUMAIOT yCiIyry. Ha Hero BIMSIOT JIMYHBIE TPEINOYTEHUS
U paziauyHbie GakTopsl OKpyKaromen cpeabl. GoS u3MepsieT BEPOSITHOCTh YCIENIHOTO COSMHEHHUS NI BbI30Ba
TIPY ONPE/IENICHHBIX yCIOBUsIX. Pe3ynbrarsl mokasanu, yTo BHeApeHue GyHKImH QoS, Takux Kak MPUOPUTH3ALUS
TpaduKa, MOXKET TOJIOKHUTEILHO MOBIUATH Kak Ha GoS, Tak 1 Ha QOE, yMeHbIas moTepro MakeToB M IOBBIIIASL
HaJISKHOCTh 00cykuBanust. [TokazaHo, KaK yrpaBieHHE TPOU3BOJUTEILHOCTHIO CETH C IIOMOIIBIO HHCTPYMEH-
ToB QOS MOXKET MOBBICHTH YA0OCTBO pabOThI MONB30BaTEICH M OOMIYI0 HAAEKHOCTh YCIYT, obecreunBas Oomee
YEeTKOE MTOHNMAHHUE TOTO, KaK 3TH KOHLIEIIINY B3aUMO/ICHCTBYIOT Ha PAKTHKE.

KiroueBble ci10Ba: KauecTBO O6CJ'Iy>KI/IBaHI/I$I, YPOBCHb CE€pBUCA, KAYCCTBO BSaHMOHGﬁCTBHﬂ, IOKa3aTeiin 1mpoun3-
BOAUTCIBHOCTU CCTH.

KOH(I)JII/IKT HHTEPECOB. ABTOpBI 3asBIISIOT 00 OTCYTCTBUU KOH(I)J'II/IKTa HUHTEPCCOB.

Jas nutupoBanus. Kacymos, B. A. CpaBaurenbHblil ananu3 nokasareneit QoS, GoS u QoE npu onexke mpo-
u3BonutensHOCTH cetu / B. A. Kacymos, JI. P. 3eitnamnsi-I'yceiinzane, I. A. 3axumosa // Jlokmaasr BI'YUP. 2025.
T. 23, Ne 3. C. 62—69. http://dx.doi.org/10.35596/1729-7648-2025-23-3-62-69.
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Introduction

In the context of the network media ecosystem, ensuring quality requires a holistic approach
that combines technical specifications, user perspectives, and system considerations. However, in most
digital multimedia entertainment programs, the overall quality of experience (QoE) accepted by the
end user/viewer is considered. QoE encompasses how good the video looks, how well the audio is ren-
dered, how well the combined audio-visual content is accepted, and how well a specific audio-visual
service’s mutual relationship functions. When referring to video content, quality of service (QoS) is on
par with any other service. This includes coverage, continuity of service functionality, provided reliabili-
ty, device compatibility, and ensuring the quality of signals and features that enable usage. Many agree
that digital communication is one of the driving forces for the development of businesses and societies,
and it is normal for everyone to expect the best from the telecommunication services they use in their
daily digital interactions.

In today’s competitive market reality, the customer perspective will definitely demand rejection
if a service cannot deliver the highest quality. On the other end of the line, service providers may
not be fully informed about the tools that can be used to meet their customers’ needs or address their dis-
satisfaction. To bridge this gap, the concept QoS was introduced as an initiative to enter users’ bots
and ultimately provide better services and solutions. However, the abundance of overlapping under-
standings and their confusing abbreviations in telecommunication services does not facilitate the un-
derstanding of the importance of QoE. While concepts such as UX (user experience), QoS, GoS (grade
of service) or QoE are useful in determining both the quality and quantity parameters of the interaction
between the user and the system or service, there has been a recent consensus among experts that the fo-
cus should be on QoE [1]. To assess customer satisfaction, QoE has been widely adopted in various
industry parameters related to consumer-related aspects. However, since its inception, the Paradigm
of QoE has mainly been applied in the telecommunications field, where research tools are the sharpest
and measurements are the most accurate.

QoS is a term referring to the technology used to manage information traffic over the network. QoS
aims to control and manage network resources to reduce interference such as packet loss and delay. QoS
also determines limitations and priorities for different categories of data moving between IP networks,
such as bandwidth traffic on the network. It is expected that today’s businesses will provide secure
and reliable services to end-users with minimal interruptions. In recent years, applications such as audio,
video, file sharing, and data streaming have increasingly become part of our daily lives, making QoS
more important than ever. The volume of application usage, the increasing number of connected de-
vices to the network, and the significant increase in the importance of social media lead to frequent
network congestion. Excessive network loading can cause performance differences. As a result, IT de-
partments are filled with information about video conferences being interrupted, poor audio quality, de-
lays, and even dropped phone calls, which significantly impact daily productivity in the workplace [2].
QoS manages network resources by prioritizing certain types of data communication to determine
the transmission needs of multiple data.

Quality of experience and measurement

In the realm of telecommunications, QoE encompasses a broader and more comprehensive range
compared to the concept of QoS, which focuses on measuring, improving, and ensuring software
and hardware features. To put it simply, QoE refers to the measurement of overall satisfaction with
a service from the user’s perspective. However, the challenging part comes next. True QoE doesn’t aim
to measure the objective parameters of system performance (as in QoS). Instead, it aims to encompass
the subjective experiences of the service user, including all complexities and factors related to human in-
teractions, such as physical, temporary, social, and even economic aspects. But is it possible to accurate-
ly measure someone’s subjective feelings about something and derive useful insights from aggregated
data? The answer is yes, but with some “buts”. Measuring QoE in telecommunications services is quite
complex and cannot be successfully achieved without proper tools for data collection and analysis [3].
Therefore, the nature of determining QoE in a specific situation does not solely depend on the quantity
or scope of what is measured and converted into metrics. It rather involves understanding which service
parameters are the main drivers of user satisfaction and measuring them from a perspective as close
to the user’s perception as possible. Over the years, awareness of how QoE contributes to increasing user
satisfaction and, consequently, user loyalty has been growing among telecommunications operators.
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As a result, solutions for monitoring the QoE parameters, especially in telecommunications services,
have emerged. However, deriving reliable and consistent results based on these parameters is quite
challenging because QoE aims to encompass every factor related to users’ perception of service quality,
including people, systems, and contextual aspects. Thus, QoE is highly reliant on subjective evaluations.
Nevertheless, QoE is determined by using statistical analysis of objective measures through Customer
Satisfaction Surveys [4]. QoE evaluations can be subjective or objective. Subjective evaluations are de-
termined by inquiring about quality from human evaluators (though not just based on a single user’s
opinion). Objective evaluations assess quality based on values obtained through the measurement of as-
sessed systems. Subjective evaluations typically require human evaluators who assess each experience
using a five-point scale. The average (or “mean”) of the ratings is then considered as the mean opinion
score. Evaluations can be conducted in a laboratory or in the field, where they have the following ad-
vantages and disadvantages:

* in the laboratory, subjective evaluations can simulate certain conditions of normal usage to some
extent, but they never fully reflect normal usage. However, they can be carefully controlled so that evalua-
tors can focus their attention on specific aspects of interest. In particular, evaluated systems can be modi-
fied to learn how the evaluators’ experience scores change over time. Typically, there are several evalua-
tors (and variations in systems) for people to spend time in the laboratory, due to the costs and efforts
involved;

* in the field, subjective judgments can be made under certain conditions of normal usage.
For example, services with limited coverage can be tested when the coverage area is available. However,
they cannot be performed under all conditions of normal usage. For example, residential multimedia
streaming services may not be tested during peak hours at homes. If opinions are gathered through
crowdsourcing to assess their own experiences where and when they want, there can be multiple raters,
but they may not represent users as a whole.

The most complete possible subjective evaluations of systems do not take into account people’s
feelings and environments at places and times other than those of the evaluators. Objective evaluations
do not require human evaluators, which is why they are often cheaper and faster than subjective evalu-
ations (Fig. 1). They involve measurements of the evaluated systems that can be combined with mathe-
matical models to derive values that often provide mean score estimates. Their accuracy depends on the re-
alism of the models in determining the quality accepted by the average of human evaluators. Typically,
models are based on perception theories, empirical studies of influencing factors, and subjective evalu-
ations. They do not consider all factors related to human and context effects on systems. These models
are suitable for adaptive streaming and Over-The-Top and managed content providers (ITU-T 2020).

Quality
of experience

Subjective

Objective

Human
components

Quality
of service

| ] ] | ] |

Calculation
of service

Transport Service Application

factors factors factors Feelings Experience

Fig. 1. Types of quality of experience evaluation

Objective evaluations can be conducted in a laboratory, in the field, or in a network environment.
They have the following advantages and disadvantages:

* objective evaluations in the laboratory have the same advantages and disadvantages as subjective
evaluations in the laboratory;

64



Joknager BI'YUP Dokrapy BGUIR
T. 23, Ne 3 (2025) V.23, No 3 (2025)

* objective evaluations in the field can be more reliable than subjective evaluations because they
do not require human evaluators. They can be performed at any location and time with appropriate
evaluation tools. Installation may require users to have equipment and software installed at their homes
or terminals or to have time to travel with equipment or software provided by testers. While achieving
this is still challenging, it should be easier than compelling users to conduct regular tests;

* objective evaluations in network environments resemble objective evaluations in the laboratory
as they are still not performed under conditions of normal usage. The installation of evaluation tools
may be unnecessary, and if equipment and software are already integrated into network nodes or support
systems, measurements can cover existing values;

* objective evaluations can be performed without measuring the evaluated systems. Instead, va-
lues based on previous knowledge are accepted and combined in a model to provide mean score esti-
mates. This technique is useful for planning networks. Most work on developing QoE standards is based
on laboratory evaluations, which can result in products consisting of hardware and software to perform
objective evaluations that correspond to subjective mean score evaluations.

Quality of service

Service quality describes and measures the overall performance or output quality of a network ser-
vice. It can apply to various services such as telephone companies providing voice services, compu-
ter networks, or even cloud computing networks. Network performance is measured based on the le-
vel of satisfaction experienced by end-users, rather than the guarantees provided by service providers.
QoS can be quantified using parameters such as packet loss, bit rate, transmission delay, throughput
capacity, availability, and more. However, in the case of packet-switched telecommunication networks
like telephone and computer networks, QoS is used to describe traffic management, prioritization,
and resource allocation, unlike the actual quality of voice or video streams. Many organizations offer
delay-sensitive services like real-time video and voice communication, and they employ QoS to meet
the traffic requirements of these types of data. Service class (CoS) can be associated with service quality,
but these two concepts are not exactly the same. CoS applies a less detailed approach to traffic manage-
ment compared to QoS. However, many people use the terms interchangeably, although they represent
different concepts. QoS is primarily used by network systems that control data traffic for resource-con-
strained systems. These services include internet protocol television, online gaming, video conferenc-
ing, voice over IP (VoIP) over the internet, video and audio streaming, and demand-based video [5].
Service quality also applies to IoT industries, businesses, and individual end-users. Various QoS tools
available possess similar functionalities regardless of the manager. These functionalities include classi-
fication, queuing, policing, shaping, weighted random early detection, fragmentation, and compression.
QoS can be associated with ensuring the smooth operation of emergency assistance under congested
traffic conditions. However, to understand the concept adequately, it is necessary to examine the para-
meters related to service quality.

The picture below shows the results of the two speed tests, illustrating significant differences in down-
load and upload speeds. Download speed increased from 8.84 to 59.55 Mbps with QoS, highlighting
more efficient bandwidth utilization. Upload speed improved from 29.93 to 61.68 Mbps, demonstrating
how QoS prioritizes upstream traffic. Latency (Ping) remained stable at 5 ms in both tests, indicating
consistent network response times. The figure visually represents the difference in download and upload
speeds between the two scenarios:

1) with QoS — both download and upload speeds show a significant increase, ensuring better perfor-
mance for critical tasks;

2) without QoS — bandwidth allocation is inefficient, leading to lower overall speeds, especially
for high-demand activities.

These results clearly show that enabling QoS significantly improves network performance by mana-
ging bandwidth more effectively. This ensures that critical services, such as video conferencing or strea-
ming, receive the necessary resources for smooth operation.

Grade of service

It is a measure used to evaluate the performance and availability of a telecommunication network
or service. GoS indicates the probability or percentage of successfully completing a call or connection
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within certain specified criteria. For example, if a GoS of 0.01 is specified, it means that only 1 out
of 100 attempted calls may be blocked or fail to connect due to resource limitations. Conversely, a GoS
of 0.001 indicates a higher level of service, with only 1 out of 1000 calls being blocked. The specific
criteria used to define GoSmay vary depending on the type of service and the industry. In telecommuni-
cation networks, GoSis often expressed in terms of call blocking probability, which measures the like-
lihood of a call being blocked or rejected due to insufficient network resources. A lower call blocking
probability indicates a better GoS.

GoS plays a crucial role in network planning, dimensioning, and capacity management. It helps ser-
vice providers determine the required network resources, such as bandwidth, channels, or connections,
to meet the desired level of service [6]. By analyzing the GoS requirements and network performance,
providers can make informed decisions on network upgrades, expansions, or optimizations (Fig. 2).

® Download

INDIVIDUAL RESULTS

DATE /TIME -

Caspian Telecom

Caspian Telecom

Fig. 2. Comparison of network performance with and without quality of service

Overall, GoS provides a quantitative measure of the service availability and success rates in telecom-
munication networks. It helps ensure that the network can deliver the desired level of service and meet
the expectations of users or customers. GoS metrics are measurements used to assess the performance
and quality of a telecommunication system. These metrics help evaluate the level of service provided
to users and identify areas for improvement [7]. Here are some common GoS metrics:

» call blocking probability: this metric represents the probability that a call or connection request will
be denied or blocked due to insufficient resources in the system. It is typically expressed as a percentage
or decimal value, with lower values indicating better service quality;

» call completion rate: this metric measures the percentage of calls or connections that are success-
fully established and completed without being dropped or disconnected. A higher call completion rate
indicates a more reliable and robust system;

» call setup time: this metric measures the time it takes to establish a call or connection from the mo-
ment the request is initiated. It includes the time for signaling, routing, and resource allocation. A shorter
call setup time indicates faster and more efficient call establishment;

» network congestion: this metric assesses the level of congestion or traffic load on the network.
It measures factors such as the number of active calls, data throughput, or utilization of network resour-
ces. Monitoring network congestion helps identify periods of high demand and potential bottlenecks;

* QoS parameters: GoS metrics may also include various QoS parameters that measure the quality
and performance of the communication service. These parameters can include metrics such as packet
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loss, delay, jitter, throughput, and availability. They provide insights into the reliability and effectiveness
of the network in delivering data or voice services;

* service level agreements (SLAs): SLAs are contractual agreements between service provi-
ders and customers that define the expected levels of service quality and performance. GoS metrics
can be used to monitor and measure the compliance with SLAs, ensuring that the agreed-upon service
levels are being met.

These metrics are typically monitored and analyzed regularly to evaluate the performance
of the telecommunication system, identify areas for improvement, and make informed decisions regar-
ding network optimization, capacity planning, and resource allocation.

Assessment of TCP errors with metrics

In this practical analysis, we evaluated the effect of enabling QoS features on a Wi-Fi router to en-
hance network performance, with a focus on reducing TCP errors and improving both QoE and GoS.
The experiment involved capturing network traffic, identifying errors, and assessing the impact of QoS
on real-time application performance under typical home network conditions.

The experiment followed these key steps:

* enabling QoS on the router: QoS features were configured to prioritize latency-sensitive traffic
(e. g., video streaming, VoIP) while assigning lower priority to background downloads. Rules were set
based on application type and specific devices connected to the network;

» traffic monitoring: network traffic was captured using Wireshark on a connected device while va-
rious activities, such as streaming, browsing, and downloading, were performed simultaneously;

» error identification: Wireshark filters were applied to isolate TCP errors, focusing on retransmis-
sions, duplicate acknowledgments, and lost packets;

* visualization: TCP error trends were visualized using Wireshark’s I/O Graph, which displayed
the frequency of errors over time in 1-second intervals.

To conduct the analysis, all QoS settings on the router were enabled, prioritizing high-bandwidth
and real-time applications such as video streaming and VoIP traffic. Devices generating significant back-
ground traffic were deprioritized to allow optimal allocation of network resources. During the tests, net-
work traffic was captured using Wireshark while activities such as streaming, video calls, and concurrent
downloads were performed to simulate real-world conditions. TCP errors, including retransmissions,
duplicate acknowledgments, and lost packets, were isolated using specific filters in Wireshark. The cap-
tured data was visualized through the I/O graph tool, which displayed error trends over time. Metrics
relevant to QoE and GoS, such as error frequency, packet retransmissions, and service stability, were
evaluated to understand the impact of QoS (Fig. 3).
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Fig. 3. I/O graph from Wireshark, with the data focusing on TCP errors over time
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The results demonstrated a significant reduction in the frequency and duration of TCP error spikes
after enabling QoS. The I/O graph revealed that error bursts during high traffic demand were shorter
and less frequent compared to scenarios without QoS. High-priority applications, such as video calls
and streaming services, maintained consistent performance with minimal interruptions. Background
downloads experienced minor delays but did not disrupt overall network functionality. With fewer re-
transmissions and reduced packet loss, video streaming was smoother, and VoIP calls achieved high
audio and video quality.

Enabling QoS directly improved the QoE by minimizing disruptions and maintaining consistent
service quality during high-demand scenarios. In terms of GoS, QoS ensured reliable service delivery
by managing network congestion, reducing packet loss, and prioritizing critical traffic. This demonstra-
ted a clear enhancement in service reliability metrics. The findings highlight the practical value of QoS
in improving QoE and GoS in modern networks. By enabling QoS features, network administrators
can optimize traffic flow, mitigate the impact of congestion, and ensure high-quality performance
for real-time applications. This approach is particularly relevant in environments with bandwidth limita-
tions or competing traffic demands

Conclusion

1. Quality of service (QoS), quality of experience (QoE), and grade of service (GoS) are three
related concepts in telecommunications and network management, each focusing on different aspects
of service quality:

* QoS:

— refers to measurable parameters that define the performance and reliability of a network or service;

— primarily considers technical factors such as bandwidth, delay, packet loss, jitter, throughput,
and availability;

— is defined and implemented by network administrators or service providers to meet specific per-
formance criteria;

— is objective and can be managed using network engineering techniques like traffic shaping, priori-
tization, and resource allocation;

* QoE:

— focuses on the subjective evaluation of the overall user experience when using a service or appli-
cation;

— includes factors such as perceived quality of video/audio, responsiveness, ease of use, interacti-
vity, and user satisfaction;

—is influenced by user expectations, personal preferences, and contextual factors;

— 1is typically assessed through user feedback, surveys, and subjective tests that reflect the user’s
perception of service quality;

* GoS:

— relates to the level of service provided by a telecommunication network, particularly in terms
of the probability of call blocking or dropping;

— is commonly used in voice and real-time communication systems to assess the system’s ability
to handle traffic load while maintaining service quality;

— relies on the network’s capacity to manage expected traffic and ensure desired service levels
through proper resource allocation and planning.

2. While these concepts are distinct, they are interconnected and can influence each other. Effective
QoS mechanisms directly impact network performance, which, in turn, affects GoS and QoE. A well-de-
signed QoS framework can improve both GoS and QoE by ensuring optimal network performance.
Similarly, managing GoS helps reduce call blocking and dropping rates, which can enhance user satis-
faction (QoE).

3. The successful implementation of these metrics requires technical expertise, data analysis,
and a user-centric approach. Network administrators and engineers must consider the specific require-
ments of applications and users to optimize QoS, GoS, and QoE. Continuous monitoring and adaptation
are essential as technology evolves and user expectations change.

4. This study emphasizes the practical configurations and analysis involved in improving QoS, QoE,
and GoS. Implementing QoS features on a Wi-Fi router and analyzing network traffic with tools like
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Wireshark demonstrated that QoS mechanisms are crucial for enhancing network performance and user
satisfaction.

5. The assessment showed that enabling QoS reduced TCP errors, minimized packet loss, and en-
sured consistent performance for high-priority applications such as video streaming and VolP.
The I/O graph analysis revealed a decrease in error spikes during high traffic, confirming the effective-
ness of traffic prioritization. Additionally, real-time network monitoring and error analysis provided
actionable insights into improving QoE and GoS.

6. These findings highlight the importance of proactive network management in environments
with diverse traffic demands. By prioritizing critical applications and balancing resource allocation,
QoS improves both user experience and network reliability. The results indicate that QoS is not just
a theoretical concept but a practical solution for addressing real-world network challenges.

7. Study underscores the importance of applying theoretical concepts in practical scenarios to achieve
measurable improvements in network performance. Future research could explore advanced QoS algo-
rithms or evaluate performance under varying network conditions to further refine and optimize service
quality.
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