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QUALITY OF SERVICE REGULATION ISSUES 

IN FUTURE INTERNET 
 

Abstract: Quality of Service (QoS) requirements can vary 

significantly depending on the particular Internet service and 

on the overall end users’ perception. It is expected that new 

QoS policies identify key factors contributing to the 

development of QoS regulation for future networks. 

International standardization organizations along with 

national regulatory authorities have to define global QoS 

policies in order to improve QoS regulation that will better 

conduct the development of new networks. In this paper we 

discuss a QoS regulation approach with the common 

objective that QoS should be expressed in terms meaningful to 

users. For this purpose Key Quality Indicators (KQIs) 

relevant to users should be identified and their relation with 

associated Key Performance Indicators (KPIs) should be 

established. 

Keywords: Future Internet, Quality of Service, Regulation, 

Key Quality Indicators, Key Performance Indicators. 

 

1. INTRODUCTION  
 

In future Internet, the convergence of 

various services with different quality of 

service (QoS) requirements is expected as well 

as a drastic increase in users’ demand for new 

QoS-guaranteed services. Therefore, QoS 

regulation becomes one of the key issues in the 

future Internet regulatory framework. In context 

of future Internet, user behavior is expected to 

play a significant role in QoS management 

unlike the current Internet QoS regulation 

which is mainly technology centric. Satisfying 

users’ service requirements and expectations is 

the most difficult challenge in the transition to 

the new network environment. 

The main goals of future Internet 

regulation are to help reducing investment risks 

and encourage competitive environment. 

Identifying the key factors contributing to the 

development of a new QoS regulation for future 

Internet is of great importance. 

In this paper we emphasize the user aspect 

and its crucial role in QoS regulation 

framework issued by the ITU-T (International 

Telecommunication Union – 

Telecommunication Standardization Sector). 

The user oriented categories identified in the 

presented QoS model are network QoS, 

availability, pricing transparency and customer 

care. 

This paper is organized in the following 

way. In Section 2 the problem statement is 

given. In Section 3 customer relationship stages 

and the procedure of modeling KQIs for 

different QoS categories within the QoS 

evaluation model are explained. Concluding 

remarks are presented in Section 4. 

 

 

2. PROBLEM STATEMENT  
 

According to ITU-T [1] in future Internet 

the key differences in terms of regulatory 

implications refer to the multi-service and 

multi-operator environment and to the 

fundamentally global character of the Internet. 

QoS regulation should encourage opening the 

telecommunication sector for innovations. 

Furthermore, ISPs should provide users with 

useful QoS information in a relevant, 

comparable and reliable fashion [1] and only if 

all of these requirements are met, the available 

QoS information can be used to estimate the 

quality delivered by Internet Service Providers 

(ISPs). Since these requirements should be 

effective and compatible for QoS provided 

globally, National Regulatory Authorities 

(NRAs) need to adopt the appropriate 

standardization. 

In order to improve conduct of the market 

and managing network evolution, it is essential 
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for regulators and ISPs to understand the degree 

of user satisfaction with regard to a delivered 

service. Therefore, a measure of a user’s global 

level of satisfaction must be established, along 

with methods of QoS computation. 

A special attention should be paid to QoS 

methodologies and algorithms that link network 

parameters to the QoS experienced by users. 

For defining QoS levels users’ requirements for 

different applications and services should also 

be analyzed. The announcing of all these 

information should be conducted by 

independent authorities and must be supervised 

by regulators to guarantee credibility and 

transparency. In addition, future QoS regulation 

should be technology neutral in order to support 

the market development. A problem may arise 

in the context of who should bear the costs of 

providing neutrality. 

 

 

3. QoS EVALUATION MODEL 
 

It is apparent that new QoS regulation 

approaches should consider not only QoS 

expressed in terms that are meaningful to ISPs 

but also QoS from users’ perspectives. 

In general QoS model three levels of QoS 

were proposed: intrinsic, perceived and 

assessed [2], [3] (Figure 1). 

Intrinsic QoS encompasses all service 

features determined by network efficiency, 

resources, provisioning, etc. and it is referred as 

Network Performance (NP) by ITU and ETSI 

[4], [5]. It is a strictly technical issue which is 

crucial for quality perceived and assessed by 

users. 

Perceived QoS is influenced by many 

factors, including users’ opinions and their 

experiences with similar telecommunications 

services. In order to improve the position in the 

market each ISP should take into account users’ 

expectations while designing new strategies and 

new services’ offers. QoS regulation should 

force ISPs to provide at least the following 

information about their services [2]: 

• QoS required by user (QoR) 

• QoS offered by provider (QoO) 

• QoS delivered by provider (QoD) 

• QoS perceived by user (QoP) 

These information have a great affect on 

global user’s satisfaction with the service [6], 

[7]. 

The assessed QoS depends on the 

perceived quality, service price, and customer 

care, i.e. ISP’s responses to submitted 

complaints and problems. Those issues specific 

to assessed QoS are covered by the term 

Quality of Experience (QoE) [8]. 

 

Network performance (NP)

E.800

Quality of Experience (QoE)
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by the user

QoS requirements 

of the user

QoS achieved 

by the provider
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Quality of Service (QoS)

G.1000

Intrinsic QoS

Perceived QoS

Assessed QoS

 
Figure 1 - General QoS model [4] 

 

3.1 Customer relationship stages related to 

QoS parameters 

 

Generally, a user is not interested in details 

or procedures which are not obvious to him. 

Therefore, requirements from the users’ 

perspective should be defined in a way 

meaningful to them. 

Before moving on to defining customer 

relationship stages associated with QoS 

parameters, the distinction between terms user 

and customer should be noted. User or end user 

is a human being, organization, or 

telecommunications system that accesses the 

network in order to communicate via the 

services provided by the network while a 

customer is a person or a business that buys 

services from the enterprise or receives free 

offers or services [9]. 

There are several customer relationship 

stages for which QoS parameters should be 

defined from the customer's perspective [10]: 

 Preliminary information – Since it is the first 

point of contact for the potential customer / 

user of a telecommunication service, this 

should contain basic information sufficient 

to inform the requests in order to enable 

them to make an informed decision. 

 Contract establishment – It is necessary to 

establish a contract between the ISP and the 

customer. In case the customer is a small or 
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large enterprise, there are three types of 

contracts: 

1) direct contract without any adjustment, 

2) contract with customization of terms and 

conditions and QoS aspects, negotiated 

before signing the contract and 

3) contract which allows further 

customization after a contract was signed. 

QoS parameters have been identified to take 

into account the performance characteristics 

of this contractual stage. 

 Service provisioning – It implies the 

complete, correct and in-time provisioning of 

the desired services or service features. If 

any of these elements failed during 

provisioning, the affected customer can be 

considered as unsatisfied. In the service 

provisioning stage two different approaches 

of provisioning procedures are considered: 

 Version A ("Fixed Date"): In this case, 

with aim to ensure availability of 

telecommunications services as long as 

they are required at some distinct location, 

the ISP announces a specific date when 

the service provisioning will occur. That 

means if a company changes its premises, 

the ISP must ensure the continuity of the 

services provisioning, i.e. services at the 

old location are required up to the day of 

the movement and the same services are 

immediately required at the new location. 

 Version B ("Announced Period"): In this 

case, the ISP announces a time period in 

which the service provisioning should be 

conducted. The expectations and 

requirements concerning the exact point 

of time of the service provisioning 

procedure are less stringent. However, the 

defined upper threshold of this time 

period is used to obtain the customer's 

feedback expectation in terms of waiting 

time for access the desired service or 

service features. 

In both versions, the deviation of the service 

provisioning time with the scheduled time is 

evaluated, which applies also to the 

equipment delivery. The outcome of the 

comparison of these parameters might be 

positive if the event happens later than 

announced or negative if the event appears 

too early. 

 Service alteration – This stage is defined as a 

customer-initiated change in the current 

service setup. The service alteration 

procedure might be accomplished at the 

provider's premises, but might also include 

some modification of equipment at the 

customer's premises. After exchanging the 

relevant information with the ISP, a time 

frame in which the alteration should carry 

out is announced by the provider. A date 

when the service alteration should take place 

has to be scheduled. Both time dimensions 

are observed by parameters. After the service 

alteration, the completeness and accuracy of 

the conducted changes are determined. Since 

changes in the service may cause a change in 

the applied technology, the effectiveness and 

stability of the executed alteration should be 

assessed. Actually, an observation period 

after the service alteration should assure that 

the operation has been successfully 

performed as sustainable. 

 Technical upgrade – This stage is defined as 

a change in the current service setup which is 

initiated by the ISP. Technical upgrade 

should expand, enhance or advance the 

available range of services or service 

features from the customer's perspective. 

After exchanging the relevant information 

with the ISP, a dedicated date when the 

technical upgrade should become effective is 

announced. Outage periods may occur 

during or after the upgrade and they might be 

caused by a variety of factors such as change 

of equipment / transport connection, 

software upgrades, system reboots, etc. After 

the competition of technical upgrade, the 

completeness and accuracy of the conducted 

changes can be proved by the customer if he 

is aware of the procedure. Similarly to the 

service alteration procedure, changes in the 

service that occur during the technical 

upgrade may cause a change in the applied 

technology. Therefore, the effectiveness and 

stability of the executed technical upgrade 

should be assessed. Also, an observation 

period after the technical upgrade should 

assure that the operation has been 

successfully performed. 

 Service support – This stage encompasses 

documentation, technical support, 

commercial support and complaint 

management. All of these four categories of 

parameters are significant to customers. 

 Repair services – It is a necessary function in 

the management of an ISP and an essential 

part in the life-cycle of any 

telecommunications service. This stage has 

to be efficient and easily accessible to the 
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customer. It should ensure continuous 

complete use of services. 

 Metering, charging and billing – At this 

stage the relevant parameters for assessing 

the quality and accuracy of the ISP's billing 

mechanisms are identified. These procedures 

should be given special attention considering 

customers’ sensitivity to the charging and 

billing principally due to the fact the 

charging principles are usually complex and 

insufficiently familiar to users.  

 Network/service (N/S) management by the 

customer – This stage refers to the 

parameters important for the interaction 

between the customer and the network or 

services. 

 Cessation – This procedure terminates the 

commercial relationship between the 

customer and the ISP. In this stage, there are 

two important points from the customer 

aspect. Firstly, customer’s cessation request 

should be accepted and confirmed by the 

ISP. After that, the cessation becomes 

effective and the commercial relationship is 

finally terminated, including the termination 

of any kind of service usage. 

 

3.2 Modeling the criteria values 

 

In this paper, the procedure of modeling 

key quality indicators for different QoS 

categories is explained. As it has already been 

explained, for the perceived QoS four types of 

information are important. 

In order to identify QoS required by user / 

customer key quality indicators (KQIs) that are 

relevant to users must be defined. Also, their 

relation with the associated key performance 

indicators (KPIs) have to be established [11]. In 

addition to network performance parameters 

which are important primarily for ISP, other 

related parameters such as provision, operation, 

and customer service should be taken into 

account. The presented QoS model consolidates 

QoS indicators under four categories: network 

QoS, availability, pricing transparency and 

customer care. Users’ global QoS takes into 

account the user preference in each QoS 

category. 

The QoS ISP offers for each KQI must be 

fixed and the QoS ISP delivers must be based 

on the measurements. Most of the current 

Internet QoS regulation forces ISPs to publish 

these QoS aspects or recommend compliance 

[5]. However, these regulations usually cover 

technical parameter measurements which are 

only useful to the providers and regulators but 

they have no significance to users. For that 

reason, a global criteria key quality indicator Q 

value for each of the four QoS categories have 

to be defined, in addition to the results of the 

KPI measurements [12]. By defining this 

indicator the customer is provided with a global 

idea of the QoS he may expect based on the 

correlation between the QoS offered and 

delivered by a provider. With aims of 

transparency and simplicity of its 

representation, the Q values are normalized in 

the range [–1, 1] as the basis for comparison 

among different providers. Since customers 

have different preferences for different KQIs, it 

also influences their perception of the service. 

Therefore, for the computation of key quality 

indicator, the importance users assign to each of 

the KQIs, should be considered. It can be 

conducted using the weighted factor wi which 

denotes the importance customers place on each 

of the KQIs that contribute to the QoS criteria 

category. Extensive customers’ surveys must be 

designed to allocate suitable weighing values 

for each KQI because some QoS indicators may 

be critical for most users, while others may be 

completely irrelevant. In this way, users’ 

requirements are included. Hence, for the 

evaluation of Q of a given QoS criteria 

category, the following formulation can be used 

[12]: 

 ii

n

i

icategory KQIScalwQ 




1

    (1) 

where w1 + w2 + . . + wn = 1. 

Scali (KQI)i is a scaled value for each KQI 

that contributes to the QoS criteria category. 

This value is computed in terms of the 

divergence between the QoS offered and 

delivered. 

Now, the four criteria categories, QNetwork, 

QAvailability, QPricingTransparency and QCustomerCare, can 

be defined. It is expected that they provide 

simple, accurate, and helpful QoS information 

to the service customer. 

Further, it is very important that new 

regulation approaches take into account the 

subjective QoS point of view. The customers’ 

preferences and capabilities should be analyzed 

in order to ensure the success of new network 

service scenarios. Regarding that, the 

evaluation of QoS as perceived by customers, 

QoP is critical in determining whether their 

requirements have been fulfilled.  

Each of the global indicators may have a 
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different impact on the final QoS perceived by 

various customers depending whether it is a 

residential, small office/home office or large 

enterprises. QoP is weighed by a factor α 

according to the importance customers place on 

each criteria. In order to obtain suitable values 

for the weighing factors, the appropriate 

customer surveys should be developed. The 

perceived QoS can be estimated as: 

QoP = α1QNetwork + α2QAvailability + 

α3QPricingTransparency + α4 QCustomerCare   (2) 

where α1 + α2 + α3 = 1. 

Defined in this manner, the QoP represents 

an aggregate value in the range of [–1, 1] such 

that all participants in the market (customers, 

regulators, and providers) have a unified global 

view of QoS as perceived by users. 

The customer satisfaction can be modeled 

as a function of the user’s perception and 

disconfirmation, i.e. the difference between a 

customer’s perception and expectations. Then 

user satisfaction in terms of the ITU-T QoS 

framework can be estimated as: 

S = f1 (QoP) + f2 (QoP – QoR)   (3) 

In this formulation the perception function 

functions, f1 and disconfirmation function, f2 

have to be defined to control the effects of 

customers’ tolerance and other related factors. 

Customers’ future requirements change based 

on their present expectations and perceptions. 

With aim to adjust the quality objectives based 

on changes in user perceptions and 

expectations, periodic market research in terms 

of the QoR is necessary. 

For each criteria category, KPI and 

KQI have to be identified, based on ETSI 

guidelines [10] which are shown in Table 1.  

 

Table 1 - Key quality indicators for Internet access  
Criteria KPI KQI 

Network QoS Maximum/ minimum transmission rate Downstream speed achieved 

Availability DNS resolution time Successful log-in ratio 

Authentication time 

Correct file transmission time Unsuccessful data transmission ratio 

Pricing Transparency Response time for admin/billing enquiries Response time for admin/billing 

enquiries 

Frequency of customer complaints Rate of bill correctness complaints 

Customer Care Response time for provision and 

provisioning time 

Provisioning time for Internet access 

Number of fault reports per 

fixed access lines 

Fault report rate per fixed access lines 

 

Fault repair time for fixed access 

lines 

Fault repair time on access network 

 

In this fashion, the user-centric 

regulation approach makes use of KQIs and 

KPIs in order to take into account QoS 

aspects that are relevant to users. 

 

 

4. CONCLUSION 
 

In this paper, we have presented QoS 

evaluation model based on QoS indicators 

which are associated to four categories: 

network QoS, availability, pricing transparency 

and customer care. The model takes into 

account customers’ preferences in each 

category. This is considered to be crucial for 

defining QoS regulation framework for future 

Internet. 

Further work will consider possible 

implementation of this model using real data 

from the NRA in Serbia in order to obtain 

actual survey results.  
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