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Abstract—Telecommunication networks are ever more frequently relying on artificial intelligence and machine learning
techniques to detect specific use patterns or potential errors
and to take automated decisions when these are encountered.
This concept requires that methods be employed to measure
the level of quality of a given telecommunication service, i.e.
to verify quality of service (QoS) metrics. In a broader context, methods assessing the entire user experience (quality of
experience – QoE) are required as well. In this article, various approaches to assessing QoS, QoE and the related metrics
are presented, with a view to implement these at an FTTH
network operator in Poland. Since this article presents the
architecture of the system used to analyze QoE performance
based on a number of QoS metrics collected by the operator,
we also provide a comprehensive introduction to the QoS and
QoE metrics used herein.
Keywords—quality of experience, quality of service.

1. Introduction
In the telecommunications industry, quality of service is
measured based on three parameters: throughput, delay,
and jitter. This simplified approach is often further restricted to bandwidth only by crowdsourcing websites
which measure the network’s speed (e.g. speedtest.net or
fireprobe.net). Statistics collected by such websites are often used to create Internet speed rankings listing specific
countries or operators [1].
Throughput is relatively easy to measure and is often well
understood by inexperienced users. On the other hand,
many people are still unaware of what maximum download
speed of their Internet connection is. For them, comfortable access to the services they use is far more important.
Parameters assessing the quality of a given service from
the technical point of view are known as quality of service
(QoS) metrics. QoS is also relied upon to describe a set
of methods used to define how the network prioritizes the
resources available.
In contrast, quality of experience (QoE) is a measure that
aims to reflect human perception of a given service that
technical key performance indicators (KPIs) are unable to
reflect. In some cases, the perception does not coincide
with these KPIs [2].
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In this article, we describe a different approach to QoS
and QoE assessments, as well as the QoS and QoE metrics available to telecom operators. In addition, we present
a practical implementation of QoE metrics by Fiberhost –
an FTTH network operator from Poland that was spun off
from INEA. Since this article presents the architecture of an
QoE performance analysis system implemented by Fiberhost which relies, due to the specific needs, on numerous QoS metrics collected by the operator, we also provide
a comprehensive introduction to the QoS and QoE metrics
used.

2. Quality of Service Methods
In today’s converged (fixed and mobile) IP networks, all
traffic shares the same network resources. However, historically, voice and data services were rendered using separate
networks. In order to enable converged IP networks to deal
with different types of traffic, QoS mechanisms are implemented today, allowing different types of services to be
distinguished, prioritized and forwarded according to the
required characteristics of a given traffic category. In some
extreme scenarios, routing decisions may also be based on
QoS requirements. A group of services that share similar
QoS requirements is often referred to as a class of service
(CoS). A common approach in today’s IP networks is to
classify services into classes based on QoS requirements
concerning throughput, delay, jitter and packet loss. The
QoS DiffServ model [3] utilizes a 6-bit DS field in the IP
header to define up to 64 different classes services. QoS
methods relied upon by modern network devices define per
hop behavior only. Consequently, they fail to monitor and
control the services’ overall performance. Therefore, we
propose to deploy the QoS metrics described in the next
section.
2.1. QoS Metrics
Many different metrics and KPIs may be distinguished.
Their design may be based on two techniques:
• active probing – when probing packets are sent as
part of the service in order to measure a given set
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of quality-of-service metrics (such as throughput, latency, jitter and packet loss). RFC 2544 [4] and
ITU-T Y.1564 [5] documents provide examples of
methodologies concerned with such active probing;
• passive probing – when network devices monitor the
traffic flow in order to estimate quality-of-service
metrics (such as throughput, latency, jitter and packet
loss). Passive probing may be implemented by observing SNMP [6] counters specifying packet loss
and throughput values, etc.
Various metrics and KPIs used for assessing QoS are available. In this paper, we present the most typical of them.
throughput is the most frequently mentioned metric and it
is often referred to as Internet speed.
Throughput a.k.a. Internet speed. While throughput is
well understood by the telecommunications community,
there are additional issues that network operators have to
deal with. For example, in the European Union (as defined
in [7]), each Internet service provider (ISP) should specify, in the contract offered to the end customer, not only
the maximum Internet speed, but also they must precisely
determine:
• how traffic management measures, throughput constraints or other quality-of-service parameters may
affect the quality of Internet service,
• minimum, normally available, maximum and advertised download and upload speeds of Internet services for fixed networks, or estimated maximum and
advertised download and upload speeds for mobile
networks,
• on remedies available to the end user in the event of
any continuous or recurring discrepancy between the
actual performance of the Internet service in terms of
speed or other QoS parameters and the performance
indicated in the contract.
The speed of the Internet itself does not reflect QoS well,
and speed is also not directly proportional to QoS.
Delay and jitter metric. Delay and jitter are mostly caused
by packets queuing at every transmission hop from the
source to the destination, but may also stem from physical
distance, topology of the network, forwarding mechanisms
used by the networking devices and the QoS control methods implemented. Generally, when packet queueing takes
place in any network device, a bottleneck may be created
at some point that will affect latency and jitter and, consequently, service response time. When latency is significant,
the end-user may observe what is sometimes referred to as
the “spinning wheel of death”. Both delay and jitter may be
measured using the methods described in RFC 2544 [4].
2.2. QoS Layers
An obvious but interesting observation concerning QoS
metrics is that a specific value may differ depending on

whether we focus on theoretical or measured values, and
may depend significantly on the measurement methodology
applied. Therefore, as a result of two European Projects
titled “Mapping of fixed and mobile broadband services
in Europe (SMART 2014/0016)” and “Study on Broadband and Infrastructure Mapping (SMART 2012/0022)” described in mapping project [8], three layers of QoS parameters are analyzed:
• QoS-1 – calculated availability of service, theoretical
calculations the coverage offered by network operators,
• QoS-2 – measured provision of service, with the
value measured using test equipment, without taking
into account the end user’s environment,
• QoS-3 – measured experience of service, where the
value is determined via crowd sourcing tools, like
online speed tests, and takes into consideration the
end user’s environment.
Usability and correlation of the metrics collected with respect to these three levels require that further studies be
conducted. Unfortunately, data collected at these levels
may be biased. For example, measurements sources during wireless test drives are often collected during business
hours, when qualified technical teams are available, not but
not during service peak hours. Also, speed tests performed
by end users themselves are often conducted in response
to service interruptions, and users treat those tests as a diagnostic tool. Therefore, such systematic errors must be
taken into account when investigating the correlation between QoS-1, QoS-2, and QoS-3.

3. Quality of Experience
To an inexperienced user, simple QoS measurements may
seem fairly unrelated to end user experience. It is not easy
to estimate how specific values of throughput, delay, jitter
and packet loss affect the quality of service. Therefore, the
more complex quality-of-experience measure has been devised to reflect people’s perception of a given service. Both
ETSI and ITU-T proposed methods and recommendations
for measuring the quality of service from the end-user’s
point of view. Many of other scoring methods rely on
various methodologies that are difficult to compare. Their
detailed descriptions are not publicly available in many
instances and they are not prepared for performing QoE
testing [2].
It is widely known that quality measurements might be
subjective or objective in nature. ITU-T defined the mean
opinion score (MOS) parameter that covers both of the
aforementioned types of measurements. In the first type,
the arithmetic mean of the values collected from observations is calculated. This type of assessment might be
considered as difficult to conduct by telecommunications
operators such as Fiberhost, due to the fact that such a task
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is time consuming and due to the scale factor. Hence, at
Fiberhost, we use a subjective metric called the Net Promoter Score [20]. It is a sampled metric that is updated
annually. In the implementation described in this article,
we focused on QoS metrics we can monitor and aggregate
on a daily basis. It is also worth to mentioning that subjective assessments may not be reliable due to human factors, i.e. the observer’s condition or mood, as well as due
to experiment environment-related factors, such as acoustic conditions, equipment used, etc. Objective assessments
are based on predictive calculations that should reflect the
subjective evaluation.
Objective models rely on external factors that are free from
subjective judgement. In the process of creating objective models, the main issue is to find the relevant factors
that cover specific network parameters or service stream
packets. The main advantage is the repeatability of the
evaluation process, its easy scalability, as well as real-time
judgement. Nowadays, the objective methods might be realized with the use of machine learning models that may be
more accurate than the standard approach due to the incremental learning process and due to their ability to analyze
larger data sets.
3.1. QoE Assessment for Voice Services
The process of gathering data and assessing the quality of
voice services might be based on intrusive or non-intrusive
methods. The former are based on a probe that attempts
to connect with the end user’s terminal and collect specific
information. The non-intrusive method requires a physical
probe installed at the user’s terminal, and is difficult to
accomplish from the point of view of the telecom operator.
In the case of a fixed network operator, voice quality might
refer to VoIP services. Depending on whether the operator
offers voice services in conjunction with other services,
such as television or Internet access, quality assessment
should be performed both for the VoIP service alone and
for VoIP while taking advantage of other services [11].
3.2. QoE Assessment for Video Services
The quality of video services should be considered separately for IP television (IPTV) and for adaptive streaming.
Video quality in IP television services is covered by ETSI
standards, both for linear content and for video-on-demand
services. The standards describe viable indicators enabling
to perform an objective assessment based on models or
evaluations performed by robots simulating end user behaviors. Service availability may be measured based on
channel and service group availability, i.e. on the number
of successful channel start-ups divided by the number of
attempts.
Video quality evaluation relies on ITU-T recommendations
and uses the MOS indicator with the ACR rating scale. It is
worth mentioning that video quality measurements must be
objective, i.e. computed by a known QoE algorithm. The
main requirement is to use ”no reference” models, while
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the choice of the method is the operator’s decision, as no
specific algorithms or models are imposed by ETSI. “No
reference” algorithms do not refer to the original signal
or any part of that signal. The predictions created by the
abovementioned models may be based on network parameters, IPTV stream data or infrastructure-related parameters.
As in the case of video, audio quality must be analyzed
with the use of a “no reference” model, and cannot be performed based on speech quality assessment models [12].
From the point of view of a telecommunications operator,
over-the-top (OTT) services might be considered as two different entities. One of them includes typical OTT applications, i.e. YouTube, Netflix, HBO Max etc., while the other
is an own television system that might be based on adaptive
streaming with the use of the HTTP standard, just as it is the
case in classic OTT applications, but is provided with the
use of the operator’s network. The abovementioned television architecture may rely on multicast technology not only
in the core network, but also in the last mile network. OTT
television systems are often referred to as IPTV 2.0.
The assessment of quality of adaptive streaming services is
provided for in the ITU-T P.1204 recommendation [13] and
in the ETSI TR 103 488 report [14]. Adaptive streaming
systems may use different protocols, for example HTTP live
streaming (HLS) or dynamic adaptive streaming over HTTP
(DASH). Quality measurements may be performed for pure
OTT applications and for television services based on adaptive streaming provided on a managed network. A comprehensive overview of developments related to visual quality
monitoring is presented in [19].
3.3. Compound STQ Metric
In addition to single parameter metrics, such as throughput, delay and jitter, compound QoS metrics may be distinguished as well, including speech and multimedia transmission quality (STQ) [15]. STQ describes the best practices for benchmarking a mobile network and is also widely
adapted and used by ISPs in wired networks. This document focuses mainly on the aspects of STQ that are significant for ISPs and allow the quality of the services provided
to be evaluated. ETSI recommends mainly a clear interpretation of the benchmark results. All results must include
information about:
• the scoring model used,
• basic KPIs values measured in the test,
• number of samples and/or number of tests,
• methodology used (including hardware configuration,
connection sequences, test servers and test pages),
• data collection areas and packages (tariff plans) for
data collection.
Tests should be performed on the same servers by all operators. The location of servers should not favor any service
provider. The choice of the test page can have an impact
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on the test results. Therefore, to provide a representative
comparison, it is necessary to prepare various and reliable
pages for the test. In [15], ETSI suggests using a minimum
of 6 tests, while 10 or more are recommended. Eliminating
a single web page from the overall pool should not affect the
diversity of those pages. The ranking should use pages that
are popular among customers. Their minimum size should
exceed the download success criterion. The principle of
proportion of active pages should be applied – 4 common
and 6 country dependent. It is not recommended to block
ads and use websites operating within one CDN. Web pages
that are mainly accessible through dedicated apps should
not be used for testing as well. The pool used in the ranking should not contain subpages with discriminatory and
indecent content or those prohibited by law.
STQ sets the scoring benchmark for mobile networks operating across large geographic regions. The overall result is
calculated from the individual measurement results and aggregation is performed using a weighted factor. The authors
distinguish four levels presented in Fig. 1. The highest index is important for the business assessment of the quality
of the entire network of a given operator and for comparing
it with other ISPs.

Fig. 1. Scoring layers.

The quality of a stationary cable network, unlike in the case
of any mobile networks, does not depend on the geographical location of the customer’s device. It is economically
viable for an ISP to aim for a similar level of network saturation in all locations. Therefore, the “area” layer is not
applicable in the weighting of stationary cable network’s
score. However, it may still be of interest for the operator,
as a tool for comparing different parts of the network. In
this context, a given “area” does not have to describe specific geographic coverage, but may also be an area in terms
of the services provided based on the same technology or
devices (e.g. OLT or aggregation router).
User profile is an important element of STQ, as it affects
the “service” and “metric” layers. Different users have different service requirements and expectations. The recommendation is to rate the services based on the profile level
associated with the highest requirements.
Research is being conducted at Fiberhost to define profiles
and evaluate services in the context of different customer

types. It has been assumed that profiles will be created on
the basis of DNS queries collected over a period of time,
though this is only one of the potential approaches.
The “service” level is the next aspect that may be assessed,
as it covers the basic services provided. The division proposed in STQ is shown in Fig. 2.

Fig. 2. Services testing.

At the lowest level, each service is assessed based on the
metrics’ basis obtained during the tests. The KPIs are
mostly described in the document ETSI TS 102 250-2 [16]
document. Table 1 lists the metrics for each of the services.
Telephony is separated from data transmission services, due
to the high impact of delays and errors on the assessment
of its quality.
Each of the tests is multi-layered, with the overall test score
at the top – a value calculated on the basis of the weighted
results from the test scenarios for telephony and data services. The data service index consists of video, data, and
service testing results. The total weight of the components
at each level is always 100%.
STQ suggests the scoring and the weighting for each metric.
Here, we are considering the general concept of QoS testing and parameter evaluation details are not covered here.
Examples of weighting factors, limits and thresholds are
provided in Annex A of ETSI TR 103 559 V1.1 [9].
3.4. Network Performance Score
Network performance score (NPS) is a proposal aiming to
implement the good testing practices presented in STQ [18].
NPS, similarly to STQ, is designed primarily for mobile
networks, but the concept is universal and is considered
at Fiberhost. As it was the case STQ, NPS indicators are
divided into 3 levels.
At the highest level, the coefficients from level 2 to one
index describing the entire network are aggregated. However, when used in Fiberhost, instead of a weight based on
geographic location, a weight was proposed based on the
number of customers connected behind a given aggregation
device (equivalent of a region in mobile networks).
The second level aggregates the service results by weighting. The indicator at this level shows the QoS in a given
case, at a given time and location. In the case of an ISP,
the location should be understood as the physical location
of the infrastructure service.
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Table 1
Services test metrics
Service

Telephony

Metric

Description

Telephony success ratio

Success rate of the call
Time from the initiation of the connection to the calling of the
other party to the connection
The value is calculated on a sample basis, using recommendations from ITU-T P.863 [17]
Success rate of the video stream received
Time from stream request to the displaying of the first picture
Video service metering has already been described in this document
Success rate for HTTP uploads and downloads
Data rate or throughput for HTTP uploads and downloads
Success rate of all download and page open attempts, page
response times to those operations
The ratio of success user interacts with the media to all interaction and response times to those operations
The ratio of success sending message to sending message and
delivery time

Setup time
Listening quality

Video testing

Video streaming service success ratio
Setup time
Video quality

Data testing

Success ratio
Throughput
Browsing

Services

Social media
Messaging

Fig. 3. Example implementation of DX based on NPS.
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At the lowest (third) level, the recommendation is to divide
QoE indicators into 3 groups:
• service availability – access and response time only,
• waiting for action – time between the request and
commencing or ending the requested task,
• quality – media quality (video, voice, images).
Only those indicators that are decoded by human perception
have an impact on the result. They all have to be normalized to the same scale and they must have a certain weight.
STQ and NPS do not define the method of filtering data
noise which can occur upon test device failure or a local
power failure. Such filtering needs to be provided to show
the overall condition of the services and not the extreme
cases resulting from measurement errors and noise. There
is also no definition of the scoring computation intervals at
the aggregation levels. Excessively long sampling intervals
will average out many short variations of the individual parameters and will reduce their impact on the overall result.
Too frequent readings will introduce a lot of noise due to
the number of measurements and potential local errors of
the test equipment. Each ISP has to assess and define the
above from their own perspective.
Figure 3 shows a sample NPS implementation customized
to satisfy the needs of Fiberhost. Aggregation of the results
by location (device) may occur on many levels, depending
on the topology of the telecom operator’s network. The
division of the network into aggregation nodes for which
the score is calculated may depend on a number of factors,
such as physical and logical topology, geographic extension
and the service provision model.
Both STQ and NPS fail to address issues related to the correctness of QoE representation by the KPIs. These issues
were discussed in [17].
On October 4, 2021, a global failure of Facebook, the
largest social networking site, occurred. As a result, telecom operators faced a new challenge in the form of an increase in the number of DNS queries to recursive servers.
In the case of INEA, the number of requests doubled at
17:43 and during the peak hours it reached 250% of the normal query load, compared to the reference value recorded
on Monday of the previous week. The problem was solved
at 23:27. A conclusion was drawn from this failure, according to which service quality indicators used in telecommunications networks need to be verified and modified. In
the recommendations, such as STQ (ETSI) and their proposed implementations, such as network performance score
(NPS), the impact of the “quality” of social media services
used by users is set at 15%. However, these types of situations prove a much greater impact on the overall indicator
and the quality level perceived by the customer. The issue
concerns an OTT service and the operator has little impact on its quality, but the failures have a large impact on
the users themselves. ISPs do not have accurate data for
such services and cannot optimize OTT services. Therefore, failures of this type are not included by INEA in

its CX and DX logs. If we manage to develop, in the future, a form of cooperation providing better visibility of the
quality of OTT services, we will be able to influence the
level of that quality, and then quality scoring will be added
to CX and DX.
The scoring should also distinguish between normal operation and a failure occurring outside the operator’s network,
such as the aforementioned unavailability of Facebook or
problems at the interface with other operators or at traffic
exchange points.

4. Implementation Example
In this section, we present the effort of Fiberhost – an FTTH
operator from Poland – aiming at implementing a system
for monitoring not only QoE related to the services offered,
but all the interactions with the services and the operator as
such. The aim was to compare the performance of different
geographic areas of the operator’s network, taking into account not only the average quality of experience in a given
area, but also all interactions between the end user on the
one hand, and the operator and the services purchased on
the other. Thus, the definition used in this scenario was
even of a broader nature that in the case of NPS or STQ,
as described in previous sections. Because of such a broad
scope of the study, Fiberhost realized that no third-party
systems that are ready for use are available and decided to
develop this system in-house. At Fiberhost, the system is
referred to as CX. CX stands for Customer eXperience and
is defined as:
CX = DX + AX.
Thus, CX is the sum of Digital eXperience (DX) which involves the measurements of complex QoE metrics similar
to NPS, and Analog eXperience (AX), aiming to capture
all human operator interactions, including purchasing the
services, troubleshooting, payments, promotions, etc. AX
is related to the operator’s operational efficiency and covers
the following: customer complaints made by phone or with
the use of other forms of interaction, complaint handling
time, installation time, number of customer complaints resolved during the first contact, etc. DX focuses on all digital
services, taking into account such indicators as: availability
of the services, scheduled works, maintenance, service failures, service degradation, CPE logout time, physical signal
parameters, L2 (layer 2) or L3 (layer 3) transport performance metric, and network saturation events. Each metric
contributing to DX is, just as it is the case with NPS or
STQ, summed up and weighted in order to create a compound overall indicator.
Both CX components are structured in a similar way to
NPS, so they form a weighted sum of all partial parameters
and may be aggregated at different levels. Figure 3 shows
details of the DX implementation. While AX is structured
in the same way, it includes non-technical parameters related to purchasing the services, troubleshooting, payments
and promotions, so we decided to exclude AX from the
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scope of this paper. The specific weighting of the various DX and AX parameters and, consequently, CX as well,
are not disclosed by Fiberhost. However, all metrics are
weighted and summed up to form a CX value that ranges
from 0% to 100%.

cies and for optimizing service performance. However,
ML-based optimization is planned as a future task. Current efforts are aimed at improving CX levels in all of the
underperforming areas.
Although this paper does not provide any numerical results,
it does provide an insight into the real live implementation
of a QoE assessment system deployed by a telecom operator. Therefore, we hope that it will be a valuable guidance
for other operators and companies willing to implement
similar systems.

5. Conclusions

Fig. 4. Example of a CX aggregation calculated for a specific
geographical area.

CX is calculated on a monthly and annual, per-customer basis and aggregated CX values may be used to visualize QoE
measurements related to a given part of the network. An
example of aggregation of CX values pertaining to a specific geographic area is shown in Fig. 4. The map shows
the average value of CX for all customers using services
provided by the operator in a given geographic area. The
areas marked in dark green represent the highest CX rating close to 100%, and correspond to areas where most
customers experience no technical issues (represented by
the DX component in CX) or are affected by other nontechnical issues (represented by the AX component in CX).
The red areas represent the lowest CX score close to 0%
and correspond to areas where the majority of customers
have technical or other non-technical problems.
By presenting DX in the form of a map, we are able to
have a good overview of the expected level of CX. However, such an approach fails to illustrate many technical
and operational details. Therefore, at Fiberhost, the map is
not the only analytical tool and is accompanied by reports
that provide detailed information on all the components that
make up a given CX value. These reports allow to conduct
a detailed analysis in order to identify specific technical or
operational aspects that require improvement.
CX is an attempt to reflect customer perceptions of service quality and customer experience in a broad context
that includes all digital and analog interactions. CX has
enabled Fiberhost to conduct in-depth technical and operational analyses. By providing such a complex metric,
Fiberhost was able to determine what the average expected
CX score was in all areas. this, in turn, served as a basis for
identifying those areas where the CX score was too low and
which required immediate attention to improve the maintenance parameters that affect the quality of experience or
other non-technical parameters.
The implementation of CX allows Fiberhost to use ML
methods for identifying more complex network dependen32

There are many QoS and QoE metrics available to telecom operators. Simple QoS metrics are easy to collect
but do not reflect end user observations. Therefore, in order to compare different networks, by area or country, it
is better to use QoE metrics that are meant to reflect human perception. However, any QoS and QoE metrics may
be significantly influenced by the methodology, specific
hardware, testing intervals, information source, etc. This
error should be removed from the collected data to ensure that the QoE metric reflects the actual customer experience.
In this article, we analyze typical QoS and QoE metrics
that are currently used by telecom operators. Additionally,
we present a complex QoE metric known as CX (Customer eXperience), implemented by Fiberhost in order to
get in-depth information about the complex experiences of
its customers, including the quality of the service offered
and all other interactions.
QoE metrics, such as STQ, NPS or CX, are very important for network operators planning to optimize their infrastructure by deploying machine learning mechanisms, since
the first step preceding any optimization consists in understanding current performance of the network. By providing
complex measurements of various parameters, QoE metrics
are a source of reliable feedback that may be harnessed by
artificial intelligence solutions in order to achieve what is
often referred to as the intent network, i.e. a network whose
operations are defined by the operator’s ultimate intent, not
the use of any technical terms.

Acknowledgements
The research was carried out as part of the Implementation
Doctorate Program of the Ministry of Education and Science in 2021–2024 (Agreement no. DWD/4/24/2020 from
6.11.2020).

References
[1] I. Fogg, “Benchmarking the Global 5G Experience – September
2021”, Opensignal, 02-03-2021 [Online]. Available:
https://www.opensignal.com/2021/02/03/benchmarking-the-global5g-experience

Telecom Operator’s Approach to QoE

[2] J. Berger, “QoE in broadband telecommunication networks”, Rohde
and Schwarz, 11-2018 [Online]. Available: https://www.itu.int/
en/ITU-T/Workshops-and-Seminars/qos/201811/Documents/S4P2berger-slides.pdf
[3] D. L. Black et al., “An Architecture for Differentiated Services”,
RFC2475, IETF, 1998 [Online]. Available:
https://www.ietf.org/rfc/rfc2475.txt
[4] S. Bradner and J. McQuaid, “Benchmarking Methodology for
Network Interconnect Devices”, RFC 2544, IETF, RFC Editor,
1999 (DOI: 10.17487/RFC2544), March 1999 [Online]. Available:
https://www.rfc-editor.org/info/rfc2544)
[5] Y.1564 Rec. “Ethernet service activation test methodology”, ITU-T,
2016 [Online]. Available: https://www.itu.int/rec/
dologin pub.asp?lang=e&id=T-REC-Y.1564-201602-I!!PDFE&type=items
[6] M. Fedor, M. L. Schoffstall, J. R. Davin, and J. D. Case, “Simple Network Management Protocol (SNMP)”, RFC1157, IETF, RFC
Editor, 1990 [Online]. Available: https://www.rfc-editor.org/rfc/
pdfrfc/rfc1157.txt.pdf
[7] The European Parliament and the Council of the European Union,
“Regulation (Eu) 2015/2120 of the European Parliament and of the
Council”, Official Journal of the European Union, 2015 [Online].
Available: https://op.europa.eu/en/publication-detail/-/
publication/8fdf5d08-93fc-11e5-983e-01aa75ed71a1
[8] European Commission Directorate General for Communications
Networks, Content & Technology (DG CNECT), “European broadband mapping project” [Online]. Available:
https://www.broadband-mapping.eu/
[9] ITU-T P.800.1, “Methods for objective and subjective assessment
of speech and video quality”, ITU-T, 2016 [Online]. Available:
https://www.itu.int/rec/dologin pub.asp?lang=e&id=
T-REC-P.800.1-201607-I!!PDF-E&type=items
[10] ITU-T P.800, “Methods for objective and subjective assessment of
quality”, ITU-T, 1996 [Online]. Available: https://www.itu.int/rec/
dologin pub.asp?lang=e&id=T-REC-P.800-199608-I!!PDF-E&
type=items
[11] ETSI ES 202 765-2, “Speech and Multimedia Transmission Quality (STQ); QoS and network performance metrics and measurement
methods”, ETSI, 2014 [Online]. Available: https://www.etsi.org/
deliver/etsi es/202700 202799/20276502/01.02.01 60/es
20276502v010201p.pdf
[12] ETSI ES 202 765-4, “Speech and Multimedia Transmission Quality (STQ); Indicators for Supervision of Multiplay Services”, ETSI,
2014 [Online]. Available: https://www.etsi.org/deliver/etsi es/
202700 202799/20276504/01.02.01 60/es 20276504v010201p.pdf
[13] ITU-T P.1204, “Video quality assessment of streaming services over
reliable transport for resolutions up to 4K”, ITU-T, 2020 [Online].
Available: https://www.itu.int/rec/T-REC-P.1204
[14] ETSI TR 103-488, “Speech and Multimedia Transmission Quality
(STQ); Guidelines on OTT Video Streaming, Service Quality Evaluation Procedures”, ETSI, 2019 [Online]. Available:
https://www.etsi.org/deliver/etsi tr/103400 103499/103488/
01.01.01 60/tr 103488v010101p.pdf
[15] ETSI TR 103 559 V1.1, “Speech and multimedia Transmission
Quality (STQ); Best practices for robust network QoS benchmark
testing and scoring”, ETSI, 2019 [Online]. Available:
https://www.etsi.org/deliver/etsi tr/103500 103599/103559/
01.01.01 60/tr 103559v010101p.pdf
[16] ETSI, “Speech and multimedia Transmission Quality (STQ); QoS
aspects for popular services in mobile networks; Part 2: Definition
of Quality of Service parameters and their computation”, 2015 [Online]. Available: https://www.etsi.org/deliver/etsi ts/
102200 102299/10225005/02.04.02 60/ts 10225005v020402p.pdf
[17] ITU-T P.863, “Perceptual objective listening quality prediction”,
2018 [Online]. Available: https://www.itu.int/rec/T-REC-P.863
[18] W. Yoong, “Network Performance Score (NPS): A method for initiating network improvement with a single QoE centric score”, Rohde
& Schwarz, 2019 [Online]. Available: https://www.itu.int/
en/ITU-T/Workshops-and-Seminars/qos/201903/Documents/
Walter Yoong Presentation.pdf

[19] M. Leszczuk et al., “Recent developments in visual quality monitoring by key performance indicators”, Multimed. Tools Appl., vol. 75,
pp. 10745–10767, 2016 (DOI: 10.1007/s11042-014-2229-2).
[20] R. Bergevin, A. Kinder, W. Siegel, and B. Simpson, Call Centers
for Dummies. Wiley, 2010 (ISBN: 9780470678404).

Karol Kowalik is a telecommunications engineer, holding
a Ph.D. from Dublin City University in Ireland. He is a Technology Development Manager
at INEA, where he participates
in numerous projects covering
a wide spectrum of technologies, such as GPON, Wi-Fi,
WiMAX, DOCSIS, and MPLS.
Currently, he is responsible for
technical innovation and validation of new ideas. His research interests include AI/ML, networking, QoS, QoE,
switching, routing, network management, as well as wireless and wired access.
E-mail: karol.kowalik@fiberhost.com
Fiberhost S.A.
Wysogotowo, Wierzbowa 84
62-081 Przeźmierowo, Poland

Paweł Andruloniw is graduated from the Electronics
and Telecommunications Department of Poznań University
of Technology. In 2018, he received his M.Sc. in Computer
Networks and Internet Technologies. He is a Ph.D. student at the Poznań University
of Technology, specializing in
information and communication
technologies, and an engineer at the Digital Television Department at Fiberhost S.A., where he conducts research on
the usage of artificial intelligence in modern television services. His professional interests include programming automation scripts, big data analysis and continuous improvement of digital television services which have an effect on
the quality of customer experience and on customer loyalty
increase.
E-mail: pawel.andruloniw@fiberhost.com
Fiberhost S.A.
Wysogotowo, Wierzbowa 84
62-081 Przeźmierowo, Poland
Institute of Computer and Communication Networks
Faculty of Computing and Telecommunications
Poznań University of Technology
Polanka 3
60-965 Poznań, Poland
33

Karol Kowalik, Paweł Andruloniw, Bartosz Partyka, and Piotr Zwierzykowski

Bartosz Partyka graduated
from Computer Science Department of Poznań University
of Technology, majoring in
Computer Networks. Bartosz
Partyka has several years of
experience in designing and implementing high-performance
systems, distributed databases
and data processing in ICT
infrastructures. In 2009, he
started to work at Poczta Polska in Poznań. Since 2016, he
has been an engineer at the telecommunications company
Fiberhost (formerly INEA S.A.) telecommunications
company in Poznań. He was responsible for database
optimization, data analysis, as well as for analyzing Core,
GPON and HFC network parameters for the management.
He participates in numerous involving the collection and
analysis of network data, optimization of data collection
mechanisms, improvement of the quality of services.
In 2020, he commenced a Ph.D. studies at the Poznań
University of Technology.
E-mail: bartosz.partyka@fiberhost.com
Fiberhost S.A.
Wysogotowo, Wierzbowa 84
62-081 Przeźmierowo, Poland
Institute of Computer and Communication Networks
Faculty of Computing and Telecommunications
Poznań University of Technology
Polanka 3
60-965 Poznań, Poland

34

Piotr Zwierzykowski received
his M.Sc. degree in Telecommunications from Poznań University of Technology, Poland,
in 1995, and then a Ph.D. degree (with honors) and D.Sc.
degree in Telecommunications
from PUT in 2002 and 2015, respectively. Since 1995, he has
been working at Poznań University of Technology, Poland, first
at the Institute of Electronics and Telecommunications at
the Faculty of Electrical Engineering, and then, since 2005,
at the Chair of Communications and Computer Networks
at the Faculty of Electronics and Telecommunications and
since 2019, at the Institute of Communications and Computer Networks at the Faculty of Computing and Telecommunications at Poznań University of Technology. Piotr
Zwierzykowski is engaged in research and teaching activities in the field of analysis and modeling of multi-service
switching systems and networks.
E-mail: piotr.zwierzykowski@put.poznan.pl
Institute of Computer and Communication Networks
Faculty of Computing and Telecommunications
Poznań University of Technology
Polanka 3
60-965 Poznań, Poland

