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1 QoS training and awareness as an important aspect of contemporary 
telecommunication 

In the early days of telecommunications, it used to be a privilege to have access to a telecommunication 
service and quality of service (QoS) was at a stable level, pre-determined by well-advanced planning 
together with the available technology. With the migration to packet-based technologies and introduction 
of social media, all this has changed dramatically. Under slogans such as "Better living with ICT", we are 
now seeing technologies that improve people's lives and environment, and digital living for the benefit of 
society and individuals. 

Information and communication technologies (ICTs) assist us in many areas of our lives. The large-scale 
deployment of communication technologies has produced major changes in the way we communicate for 
social and business purposes. However, most of these deployments have been technology
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competence in that field. As new telecommunication technologies emerge over time and the corresponding 
ITU-T Recommendations are elaborated, it might become desirable to revisit the present framework after 
a certain period of time. 

2 Overview of existing QoS study resources and courses 

Currently available QoS training options are reviewed in this section. The purpose of this analysis is to 
identify features which could be useful in designing QoSTP. 

WRITTEN SOURCES 



http://www.itu.int/en/ITU-T/Workshops-and-Seminars/qos/201309/Pages/default.aspx%09www.itu.int/en/ITU-T/Workshops-and-Seminars/qos/201307/Pages/default.aspx
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/qos/201309/Pages/default.aspx%09www.itu.int/en/ITU-T/Workshops-and-Seminars/qos/201307/Pages/default.aspx
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/qos/201207/Pages/default.aspx
http://www.itu.int/ITU-T/worksem/qos/201007/index.html
http://www.cisco.com/web/learning/netacad/index.html


http://www.wraycastle.com/course/telecoms-training/ip-networks-and-protocols-training/ip-quality-of-service-161
http://www.technology-training.co.uk/qosinipandmplsnetworks_28.php
http://www.telecomsacademy.com/
http://www.telecomsacademy.com/
http://www.opticom.de/products/services.php
http://www.mesaqin.com/training.html
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predefined guidelines is checked as part of the ongoing assessment. Feedback is also sought from 
course/event attendees and used for monitoring purposes. 8 

http://www.theiet.org/membership/career/index.cfm
http://www.ieee.org/education_careers/education/accreditation/ctaa/ieee_role.html
http://www.telecomsacademy.com/
http://mead.ch/mead
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Switzerland, TU Delft in the Netherlands and UC Santa Cruz in California. Such a platform appears suitable 
for the hosting of ITU-T courses. In view of the commercial basis, successful students are awarded an 
industrial certificate. 

University-certified academic courses 

Many European countries have chosen to follow the European Credit Transfer and Accumulation System 
(ECTS)

http://ec.europa.eu/education/lifelong-learning-policy/doc/ects/guide_en.pdf
http://eacea.ec.europa.eu/erasmus_mundus/results_compendia/selected_projects_action_1_master_courses_en.php
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Overall conclusions from the analysis of existing training and certification options 

QoSTP can successfully create a unique and credible platform, complementing the existing professional QoS 
training options, if it provides the distinguishing attributes set out below. 

The programme should be broad in scope and international in character, with tutors and participating 
institutions of the highest quality, to ensure both its value and the reputation of its diploma. It should be 
comprehensive and well-rounded, addressing all the theoretical and practical aspects of QoS. It should offer 
a higher level of professional knowledge than is available from existing self-study resources or short 
courses. An essential differentiator for QoSTP would be the formalized assessment of learning outcomes in 
terms of the professional skills and qualifications attained, as certified primarily at the ITU Academy level. 

Another alternative would be to consider it an independent professional (non-academic) qualification in 
the field of QoS, like the one offered by WCET under the auspices of the IEEE Communications Society. 
Consideration could be given to the elaboration or sponsorship of a professional certification programme 
with the ITU certificate, which would be recognized by administrations and the telecommunication industry 
without having ties to the university world or academic degrees.  

Yet another alternative could be one whereby the awarded certificate represents partial completion of a 
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Estimated number of experts 

The number of experts needed to develop the content, and time needed to produce that content for each 
module, are recommended in Table 2. 

Table 2: Number of experts needed 

Code Chapter Title 
Number 

of experts 
Preparation 
(man-days) 

OM1 Introduction - Quality of Service and Quality of Experience  1-2 10 

OM2 Subjective assessment of voice quality  2-3 15 

OM3 Objective assessment of voice quality  2
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Target audiences 

QoSTP will be designed for anyone wishing to enhance their professional knowledge while working in the 
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 self-study of textbooks and reference material; 

 interactive seminars and discussions with tutor and peers using web tools. 

Classroom instruction could be coordinated by the ITU Academy and carried out at ITU CoEs or at other 
partner institutions such as universities. 

Partner institutions 

The ITU Academy is a convenient coordinating point for devising and then implementing QoSTP. However, 
it would need to draw in skilled partners to prepare the teaching content, decide how and what to test for 
in the certification procedure, design entry-level examinations that might confer academic credit for work 
experience, and ultimately determine how to staff, deliver and manage the programme. Some may suggest 
that there is no need to predefine at the outset the types of partner institutions liable to be considered for 
participation in QoSTP, but suitable institutional partners could surely be found among the following and 
other categories: 

 ITU-T and its study groups (primarily SG12); 

 ITU-R and its study groups (e.g. those dealing with relevant QoS standards);  

 organizations participating in the running of the ITU CoEs in various regions; 

 NRAs, especially those which already have their national QoS training programmes and 
facilities; 

 regional telecommunication organizations (e.g. CEPT); 

 universities and research centres; 

 organizations and companies currently running educational programmes for QoS (such as 
mesaqin.com and others reviewed in the “Overview of existing QoS study resources and 
courses” section of this report); 

 sector-specific industry associations (e.g. IETF, 3GPP); 

 companies prominent in the field of telecommunication equipment, especially producers of 
QoS software tools, QoS monitoring equipment and wireless network (e.g. drive-test) 
equipment; 

 other stakeholders. 

All potential partners should be consulted in order to gauge their interest in QoSTP, with regard both to the 
possibility of their participating in the training and to the potential demand for QoSTP-certified specialists. 
The level of demand will surely influence the number of students accepted into the programme, which will 
in turn influence the budget and staffing requirements. The consultations will help in forming the 
consortium by providing a better understanding of the types of institution that are interested in 
participating and their level of engagement, as well as of the overall scale of the undertaking. 

Another important consideration in terms of support and participation should be the establishment of a 
large pool of well-qualified QoS experts, who could initially be involved in the process of developing the 
teaching content and assessment exams, after which some may continue their involvement through the 
delivery of the QoSTP classroom-based modules and the remote tutoring of students, as well as supervision 
of their progress and eventual Master’s thesis. 

6 Possible topics related to performance, QoS and QoE for the 
ITU academy 

The following section outlines the topics that constitute the entire QoSTP Programme. The topics are 
structured in ten modules as already described. 
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Figure 2: Factors influencing customer satisfaction14 

 

Source: ITU 

The (average) user perception of end-to-end QoS can be assessed by subjective testing, which is very costly, 
and for this reason objective methods have been developed that help to predict user perception of QoS 
with the aid of objective measurement tools. The most prominent example has recently been standardized 
in Recommendation ITU-T P.863 (Perceptual objective listening quality assessment) – the successor to 
Recommendation ITU-T P.862 (Perceptual evaluation of speech quality) – and is intended for QoS 
assessment of voice services. Objective measurement methods for other services, for example video and 
data, are currently under development. 

http://www.itu.int/md/T09-CWG.WCIT12-INF-0005/en
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The way in which QoS-
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P.85 

Various services providing vocal responses related to telephone directory inquiries, weather forecasts, mail 
order, etc., are now available to public switched telephone network (PSTN) users using vocal servers. As the 
spoken messages are produced by machines, they may suffer from some impairment. In this 
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P.880 

This Recommendation describes a methodology called continuous evaluation of time varying speech quality 
(CETVSQ) that can be used for evaluating the impact of the time fluctuations of speech quality on the 
instantaneous perceived quality (that is perceived at any instant of a speech sequence) and on the overall 
perceived quality (at the end of the speech sequence). The method uses a two-part task: first, an 
instantaneous judgment on a continuous scale with a slider during the speech sequence, and second, an 
overall judgment on a standard five-category scale at the end of the speech sequence. 

P Suppl. 24 

This supplement provides definitions for a set of parameters which can be extracted from services which 
rely on spoken dialogue systems. The parameters can be extracted from logged (test) user interactions with 
the service under consideration. They quantify the flow of the interaction, the behaviour of the user and 
the system, and the performance of the speech technology devices involved in the interaction. They provide 
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model, and subjective experiments should still be used to verify their accuracy. This module provides 
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monitoring domains and the information exchanged between providers. It then gives guidance on how to 
take these factors into account to adjust media and network resources in order to maintain the quality of 
experience for IPTV services. 

P.1010 

This Recommendation provides 3.1 kHz telephony speech transmission performance requirements for the 
whole range of packet-based gateways and terminals, including wireless and softphones. While 
measurement methodologies are not covered by this Recommendation, work on this topic is under way in 
Study Group 12 and is slated for incorporation in a future revision or, alternatively, a separate new 
Recommendation. Also, requirements for wideband telephony may be added in a future version of this 
Recommendation. 

Y.1562 

Recommendation ITU-T Y.1542 considers various approaches towards achieving UNI-UNI IP network 
performance objectives. Detailed examples are provided as to how some approaches might work in 
practice, including how service providers might handle cases where the aggregated impairments exceed 
those specified in a requested QoS class (such as those of Recommendation ITU-T Y.1541). The advantages 
and disadvantages of each approach are summarized. 

P.1201 

Recommendation ITU-T P.1201 provides an overview of algorithmic models for non-intrusive monitoring of 
the audio, video and audiovisual quality of IP-based video services based on packet header information. 
The ITU-T P.1201 series of Recommendations addresses two application areas: 
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P.1201.1 

Recommendation ITU-
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The ITU-
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Recommendations. It will be noticed, for example, in Recommendation ITU-T P.80 “Methods for the 
subjective determination of transmission quality” that there is frequent reference to this handbook. 

Although, basically speaking, the handbook is intended to serve as a practical manual, with the methods 
described within it being seen as a guide to sound engineering practice, it has been considered useful to 
include passages of a textbook nature to help in understanding the underlying principles. The inclusion of 
too many obsolete Recommendations in the handbook has been avoided. 

It is hoped that the handbook will continue to meet the needs of the developing countries as initially 
intended, but it ma
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some administrations. Additionally, the full-speech database that was used to develop Recommendation 
ITU-T P.50 is also on this CD-ROM. Appendix I/P.50 is published separately. 

P.51 

This Recommendation specifies the artificial mouth for telephonometric use. The methods of use of the 
artificial mouth are outside the scope of this Recommendation. 

P.52 

ITU-T considers that, in order to ensure continuity with previous practice, it is not desirable to modify the 
specification of the ARAEN volume meter. 

The Recommendation gives the principal characteristics of various measuring devices used for monitoring 
the volume or peak values during telephone conversations or sound-programme transmissions. 

The measurement of active speech level is defined in Recommendation ITU-T P.56. Comparison of results 
using the active speech level meter and some meters described in this Recommendation can be found in 
Supplement No. 18 to the P-series Recommendations. 

NOTE – Descriptions of the following devices are contained in the Supplements to White Book, Volume V: 

– ARAEN volume meter or speech voltmeter: Supplement No. 10. 

– Volume meter standardized in the United States of America, known as the “VU meter”: 
Supplement No. 11. 

– Peak indicator used by the British Broadcasting Corporation: Supplement No. 12. 

– Maximum amplitude indicator Types U 21 and U 71 used in the Federal Republic of Germany: 
Supplement No. 13. 

P.57 

This Recommendation specifies the artificial ears for telephonometric use. Three types are recommended, 
covering the different transducers, types, sizes and technologies. 

The methods for use of the artificial ears are outside the scope of this Recommendation; however, some 
general rules are provided about the application force and the positioning of transducers. 

Three types of artificial ears are defined: 

1) telephone-band type for measurements on traditional telephone sets; 

2) type for measuring insert earphones; 

3) type which faithfully reproduces the characteristics of the median human ear. 

P.58 

This Recommendation specifies the electroacoustic characteristics of the head and torso simulator (HATS) 
for telephonometric use. Both sound emissions and sound pick-up characteristics are specified; the free
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aids in their telecommunication applications are then, to the extent applicable, specified by the relevant 
IEC publications. 

The characteristics of the device are fully specified for narrowband and wideband speech measurements. 
Some of its characteristics are described for an enlarged frequency range enabling measurements to be 
performed for super-wideband speech. Regarding sound pickup, some characteristics are specified up to 
20 kHz, thus enabling measurements to be performed for full-band speech as well. Regarding ear simulator 
acoustic impedance, characteristics are described in IEC 60318-4 and Recommendation ITU-T P.57. 

P.59 

The signal described here reproduces the on-off temporal characteristics of human conversational speech 
for characterizing speech processing systems which have speech detectors, such as loudspeaker 
telephones, echo control devices, digital circuit multiplication equipment (DCME), packet systems, and 
asynchronous transfer mode (ATM) systems. This signal reflects parameters of human conversation such as 
the length of the talk-spurt, pause, double talk and mutual silence. The following chapters describe these 
characteristics and a method of generating artificial conversational speech. 

P.61 

Primary and secondary calibrations of condenser microphones can be carried out using the methods 
described in this Recommendation. 

P.64 

The sending, receiving or sidetone sensitivity/frequency characteristic of a local telephone system (LTS) is 
usually measured directly. 

NOTE 1 – The sending, receiving or sidetone sensitivity/frequency characteristic can also be calculated 
provided that the relevant information of the telephone line and feeding bridge is known. Some of the 
information required for sidetone is outside the scope of existing Recommendations. 

NOTE 2 – The same principles also apply to the measurement of microphones and earphones. 
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P.75 

Since the characteristics of carbon microphones are strongly dependent on conditioning techniques, it is 
necessary to follow a consistent procedure prior to measuring sensitivity/frequency characteristics in order 
to obtain reproducible results. ITU-T recommends that, for best reproducibility, automatic mechanical 
conditioning be used.  

P.76 

This Recommendation is one of a set of closely related Recommendations concerned with determination 
of loudness ratings, and deals with fundamental principles. The others deal with certain additional matters. 

P.78 

This Recommendation contains the essential particulars for defining the method for determining loudness 
ratings in accordance with Recommendation ITU-T P.76, when use is made of subjects performing equal 
loudness balances. Details are included concerning the balancing method, choice of subjects, speech 
material, design of experiment, method of analysis and presentation of results. 

The method described in this Recommendation requires both the “unknown” telephone system whose 
loudness rating is to be determined, and the IRS, to be balanced against the fundamental reference system 
NOSFER. An alternative method, in which the “unknown” is directly balanced against the IRS, is described 
in the annex to this Recommendation (P.78). 

P.79 

This Recommendation describes the preferred method for calculating loudness ratings in the following 
cases:  

• Narrowband local telephone systems (which transmit a band of frequencies not exceeding about 
180-4500 Hz), and 

• "Dual-mode" narrowband/wideband end-to-end transmissions, including terminals (300-3400 Hz 
and 100-7000 Hz, respectively). 

• Wide-band only end-to-end transmission (100 Hz to 7 kHz) between wide-band terminals. 

The purpose of using loudness ratings for telephone sets is twofold: first, to provide the transmission 
planner with an adequate measure of how the sets perform in the network; second, to enable valid and 
unambiguous comparison between sets. Therefore, to avoid confusion, this version of the 
Recommendation contains only those telephone set loudness ratings which are of interest for these 
purposes. 

Annex A sets out the fundamental principles of loudness-rating calculations and explains the relationships 
between Recommendations ITU-T P.76, ITU-T P.78 and this Recommendation, as well as the physical basis 
of this Recommendation. 

Annex B explains the fundamental concept of the sidetone-masking rating (STMR) used for evaluation of 
the talker's sidetone. 

Annex C gives an alternative form of the loudness-rating algorithm, which is useful for estimating the 
relative importance of how the sensitivity in different frequency bands influences the loudness-rating value. 

Annex D provides, as a reference only, Wi weights for OLR, SLR and RLR over the wider band 100-8000 Hz. 

Annex E describes how the listener's sidetone factor D can be determined. 

Annex F shows how the sidetone sensitivity SmeST can be computed from the send and receive sensitivity 
and impedance data. 

Annex G gives a set of W weights suitable for the calculation of sending and receiving loudness ratings of 
wideband (100 to 7000 Hz) only terminals. 
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The requirements listed in this Recommendation are primarily applicable to telephones using ITU-T G.722 
encoding at 64 kbit/s, but should also be used as the basis of requirements for other wideband audio 
encoding schemes. This is still under study in ITU-T. 

General information on hands-free terminals, which includes switching characteristics, can be found in 
[ITU-T P.340], and information on acoustic echo controllers can be found in Recommendation ITU-T G.167. 

For loud-speaking telephones which do not provide full hands-free operation, the relevant parts of this 
Recommendation may be used. 

Conventional telephone band (300-3400 Hz) digital hands-free telephones using encoding according to 
Recommendations ITU-T G.711 and G.726 are covered by Recommendation ITU-T P.342. Audio 
performance requirements for wideband headset terminals are included in Recommendation ITU-T P.311. 
Specifications for car-mounted wideband hands-free terminals are included in Recommendation ITU-T 
P.1110. Transmission characteristics for narrowband cordless and mobile digital terminals are included in 
Recommendation ITU-T P.313. 

P.342 

This Recommendation provides audio performance requirements for hands-free and loud-speaking 
telephones using, in the telephone narrowband (300-3400 Hz), the waveform encoding according to 
Recommendations ITU-T G.711 (PCM at both 64 kbit/s and 56 kbit/s) and G.726 (ADPCM 32 kbit/s). Audio 
performance requirements for headset terminals are included in Recommendation ITU-T P.310. IP 
terminals are not included in this Recommendation. 

Audio performance requirements for digital telephones using coding schemes other than waveform 
encoding and at bit rates lower than 32 kbit/s are under study. 

P.350 

Handset dimensions for traditional corded analogue and digital telephones are recommended. For very 
short designs, information about the influence on the D-factor is given. 

P.360 

The use of devices for preventing the occurrence of excessive acoustic pressure by telephone receivers is 
recommended in Recommendation ITU-T K.7. Methods for checking the efficiency of such devices in 
response to short-duration impulses, longer-duration disturbances, such as tones, and daily noise exposure 
are given in this Recommendation. A method is also given for checking that such devices do not have 
adverse effects on normal speech signals. 

P.370 

Clause 4 applies to telephone handsets having supra-aural earphones that can be connected to the PSTN 
or ISDN and are intended for direct application to the ear (e.g. traditional handsets, operators’ headsets) 
and which provide a magnetic field for coupling to hearing aids. It specifies the level, linearity and frequency 
dependence of the magnetic field strength produced by the handset and characteristics for the calibrated 
probe coil. 

Clause 5 specifies the electroacoustic performance characteristics of telephony terminals that are intended 
for direct application to the ear (e.g. traditional handsets, operators’ headsets) and which provide, at the 
earphone, additional amplification in the receiving direction compared with the receiving loudness rating 
(RLR) specified in the requirements of the national system. 

Clause 6 specifies the electrical characteristics for the electrical coupling of the telephony function, 
implemented telecommunication terminal equipment, to hearing aids. It specifies the level and frequency 
response relative to the acoustic output at the earphone, as well as the noise and maximum level. 
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P.502 

The aim of this ITU-T Recommendation is the definition of test methods which can be used to evaluate 
specific artefacts influencing the speech quality transmission of terminals and speech transmission systems. 
The methods described in the Recommendation are based on test signals as defined in Recommendations 
ITU-T P.50, P.59 and P.501. 

The Recommendation provides a collection of test methods which allow the investigation of various 
parameters which were found to be important for the assessment of speech communication systems. Each 
performance parameter is qualified by the speech degradation perceived subjectively and the related 
objective parameters. For the individual parameters, analysis methods are described.  

P.505 

This Recommendation provides a novel quality-representation methodology of parameters that determine 
the speech quality of telecommunication equipment as well as the end-to-end speech quality. This 
methodology is easy to use and also easy to understand for non-experts, and can serve as a basis for 
commercial decisions on a management or marketing level. 

The Recommendation does not provide methods for the acquisition of speech quality measurement results, 
it being assumed that its user has readily at hand those test results which are needed as an input for the 
representation methodology recommended here; furthermore, it does not state any requirements with 
respect to the parameters mentioned herein. 

P SUPPLEMENT 10 

Clause 4 applies to telephone handsets having supra-aural earphones that can be connected to the PSTN 
or ISDN and are intended for direct application to the ear (e.g. traditional handsets, operators’ headsets), 
and which provide a magnetic field for coupling to hearing aids. It specifies the level, linearity and frequency 
dependence of the magnetic field strength produced by the handset and characteristics for the calibrated 
probe coil. 

Clause 5 specifies the electroacoustic performance characteristics of telephony terminals that are intended 
for direct application to the ear (e.g. traditional handsets, operators’ headsets) and which provide, at the 
earphone, additional amplification in the receiving direction compared with the RLR specified in the 
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Abbreviations 

3GPP  3rd Generation Partnership Project 

ACR  absolute category rating 

ADPCM adaptive differential pulse code modulation 

ANSI-C American National Standards Institute C  

ARAEN volume meter specified by CCITT 

ATM  asynchronous transfer mode 

BDT  Telecommunication Development Bureau 

BEREC  Body of European Regulators for Electronic Communications 

BR  Radiocommunication Bureau  

CCITT  Comité Consultatif International Téléphonique et Télégraphique 

CCR  comparison category rating 

CD-ROM Compact Disc – read-only memory 

CETVSQ continuous evaluation of time-varying speech quality 

CME  circuit multiplication equipment 

CoE  Centre of Excellence 

ComSoc Communication Society (of IEEE) 

DAM  diagnostic acceptability measure 

DCME  digital circuit multiplication equipment 

DSI  digital speech interpolation 

ECTS 
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IET  Institution of Engineering and Technology 

IETF  
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PESQ  perceptual evaluation of speech quality 

PLC  packet loss concealment 

POLQA perceptual objective listening quality assessment 

PSTN  public switched telephone network 

PQ  perceptual quality 

Q  Question, or Q-series of ITU-T Recommendations 

QoE  quality of experience 
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