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1. Management Summary 

In the increasingly complex world of information and 
telecommunications technology, knowledge of one’s own service 
quality is a decisive factor in the fight for market shares and 

customer satisfaction. High expectations on the part of end 
consumers and the introduction of new, convergent services and 
technologies are posing challenges for all providers of ICT 

technologies. 

As a result, enterprises worldwide strive to be more competitive. 
One of the key goals here is increasing the quality of products and 

processes. The company’s position is usually determined in 
relationship to the best rival. The objective is to catch up with the 
competition and to achieve competitive advantages by eliminating 

existing weaknesses. 

Continuous Benchmarking 

As part of an on-going benchmark, zafaco GmbH offers its 
customers a platform for reviewing the measurable QoS parameters 

and thus for securing and optimising quality aspects in convergent 
networks. 

The basis of this platform is the continually growing NGN benchmark 

database with the quality KPIs of the leading DSL, fibre optic 
broadband, cable, wireless and VoIP providers. The results provided 
by zafaco enable its customers to sustainably improve their products 

and services on a long-term basis. This enhances customer 
satisfaction which in turn leads to a sustainable increase in corporate 
value. 

Customer viewpoint in focus 

To support customer satisfaction, service quality has to be measured 
in ways that reflect the viewpoint of the customer as authentically as 

possible. Customers perceive the quality of a service as a whole. 
Less attention is paid to internal network or technological aspects. 
Regardless of whether the customary networks are circuit-oriented 

or packet-oriented: the customer compares quality and price. 
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In addition to technological developments, the complexity of the 

networks also increases as a result of the increasing number of 
gateways. In such a set-up, the end-to-end quality experienced by 
the customer is not down to a single provider but rather reflects the 

overall performance of all the network providers involved. 

Realistic simulation 

In order to perform a realistic simulation of the customer, a realistic 
mix of the individual services with the corresponding application 

protocols is required, as well as the simulation of a typical user 
profile including the necessary authentication, which a user goes 
through before the network provides a desired service. 

Time to Market 

New services must be launched very quickly at lowest possible costs 
and at the level of quality expected by the end user. Permanent 

monitoring of the most important functions and quality benchmarks 
is necessary to enable measures to be initiated in the event of 
malfunctions. The human workload and financial expense for 

monitoring must be kept to a minimum. 

Key benchmark data 

• Realistic simulation 

• All leading DSL, fibre optic broadband, cable, wireless and 

VoIP providers included in the test 

• Continuous benchmarking 23/7/365 

• Nearly 180 million test connections per year, comprising 

- more than 9 million telephony connections 

- Approximately 140 million data and Internet connections  

- More than 30 million video connections 

• Analysis of more than 110 quality benchmarks 
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Principles from Benchmarking Practice 

Benchmarking is a management method in which organisations and 

companies learn based on best practices and transfer these best 
practices to their own company processes. The aim is to improve in 
individual corporate areas or in the company as a whole and to 

increase competitiveness with the comparatively best methods and 
procedures. 

The most important aspects of benchmarking are: 

• Identification and study of other companies and organisations 

• Using the best procedures (“best practice”) in an industry as a 

guide 

• Using benchmarking as a tool or management instrument 

• Using benchmarking as part of a dynamic process for ongoing 

and sustained improvement 

Additional Customer Benefit 

The Benchmarking Platform can create further added value for 

customers in the following areas: 

• Competition benchmarking 

• Website monitoring 

• Technology, application and e-commerce performance 

• SLA management 

• Load and stress tests 

• Network and efficiency analyses 

• Measuring minimum quality standards for regulatory 

authorities 

• Testing of accounting accuracy 

• TÜV (Technischer Überwachungsverein; Technical Inspection 

Association) certificates 

Various customer departments benefit from the statistical, 
monitoring and analysis data of the Benchmarking Platform: 
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Reporting, Dashboards & Statistics 

• Management 

• Planning 

• Marketing 

• Quality assurance 

Monitoring 

• Quality management 

• Network operation 

Analysis 

• Network operation 

• Customer service 
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2. The Benchmarking Platform 

Benchmarking at zafaco uses kyago – the multi award-winning 
solution for securing and optimising quality aspects in convergent 
networks. 

The measured data is collected in accordance with the 
recommendations of BEREC (BoR (17) 178), the Broadband Forum 
(TR 126), the German Institute for Standardisation (DIN 66274), the 

European Telecommunications Standards Institute 
(ETSI EG 202 057, TS 103 222 and TR 101 290), the International 
Telecommunication Union (ITU P.863, T.22, J.247 and P.1204), the 

Internet Engineering Task Force (IETF RFC 3350 and RFC 3357) and 
the World Wide Web Consortium (W3C). 

The structure of  kyago, , the Benchmarking Platform comprises 

several central server systems, including a business intelligence 
platform and data warehouse, as well as the management system 
including a system for evaluating the video, audio and voice quality. 

Description of further details can be found in the country-specific 
“Information on Setup” documents. 

The Benchmarking Platform was developed with conceptual support 

from                               .   

 

Specially Tailored Hardware and Software 

Powerful, specially tailored hardware and software is used for the 
Benchmarking Platform, allowing a high degree of flexibility and 

making it future-proof. 

Different Connection Technologies 

The range of possible applications includes measuring analogue 

(a/b) and digital (ISDN S0, ISDN S2M) lines, air interfaces (GSM, 
UMTS, LTE, 5G) and LAN/WAN interfaces including SIP trunking. 

A mix of the aforementioned connection technologies is used 

depending on the measurement campaign (consumer, business, 
etc.). 
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This allows collecting data that is relevant in a real, mixed 

environment. This approach ensures service quality is evaluated 
from a customer perspective, because all system components 
involved in an end-to-end connection are included in the test. 

Ad-Hoc Measurements 

If problems are suspected in the network or a greater number of 
errors occur, it is often necessary to perform more in-depth 
measurements for the analysis taking account of the precise 

situation. In this case, specific campaigns of a short duration can be 
defined, or individual test connections can be carried out directly on 
the screen. 

 

Figure 1: Overview of Functions of Benchmarking Platform 
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Routine Measurements 

To capitalise on the advantages of test connections effectively and 

economically, a series of automatic, computer-supported 
mechanisms are needed. Routine work should not place undue 
burden on the user.  

A specialist should only be involved in cases where expertise and 
experience are really needed. We have taken these requirements 
into consideration in the concept. 

Network-wide analyses can be defined, executed and evaluated with 
a mouse click. The measurement units work autonomously without 
the need for operation on site.  

All periodic activities are controlled automatically by a central server 
and manual activities can be comfortably executed from the 
workstation in the office. 

The routine measurements can be defined easily and executed 
without further supervision. The user is provided with the results in 
the form of reports and in clear, graphical dashboards. 

If quality targets are to be monitored, routine measurements can be 
assigned thresholds and monitored with regard to these. The term 
monitoring is used to describe this. If a test connection does not 

meet the requirements, alerts immediately inform the user who can 
then view detailed results for this connection. 
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3. Technical Implementation 

The measurement units (MUs) of the Benchmarking Platform consist 
of hardware and software specially tailored to this particular use. 

The measurement units are controlled from and maintained at the 

zafaco GmbH locations. The results of all measurements are 
centrally collected in a data warehouse at the Munich location of 
zafaco GmbH and prepared for reporting. All connections needed to 

control and maintain the units and to transmit the measurement 
data and measurement results are established via VPNs. 

The providers’ products are installed at the respective locations with 

the IADs or routers provided by the providers. The measurement 
units at these locations use these products to perform various 
measurements such as voice quality measurements, high-speed 

Internet measurements, measurements of web and cloud services 
and video quality measurements, depending on the measurement 
campaign. 

 

Figure 2: Schematic Structure of the Benchmarking Platform 
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The configuration of the measurement process ensures that 

measurements are always carried out between two different 
locations. 

Further measurement units are equipped with mobile modules and 

SIM multiplexers, which provide a high degree of flexibility in the 
use of providers’ SIM cards, to provide voice quality measurements 
from and to mobile networks. 

 

 

Figure 3: Example of structure of kyago Platform at a location  
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4. End-to-End Voice Quality Measurements 

End-to-end voice quality measurements will be made between the 
measurement units distributed over the locations in Germany. To 
this end, connections will be established via end user interfaces. This 

means that the measurement units establish or receive the 
connections via VoIP (SIP/RTP) and an IAD or router supported by 
the respective provider. If the LAN-side VoIP interface is used for IP 

telephony, the measurement is end-to-end via SIP/RTP. In this case 
the IAD acts as a back-to-back user agent (B2BUA).  

Depending on the measurement campaign (consumer, business, 

mobile network etc.) and the call type (NGN, mobile), a mix of 
connection technologies may also be used. In the business sector, 
registration is carried out directly on the provider’s cloud PBX 

infrastructure on the Internet. Measurements involving mobile 
network remote stations are carried out on the mobile network side 
via VoLTE. 

To determine the end-to-end voice quality of the connections, 
standard ITU-T voice samples of male and female voices are 
transmitted multiple times in both communication directions and are 

compared with the originals in the subsequent automated evaluation 
procedure. Voice quality is evaluated in accordance with ITU-T Rec. 
P.863 POLQA, and voice quality measurements are conducted in 

accordance with guideline ETSI EG 202 057 - Part 1-4. 

For each connection, end-to-end voice quality will be measured 
using HD Voice over RTP. The VoIP measurement client supports 

G.722 and G.711 audio codecs. 

If a connection cannot be established via G.722, it will be 
established with fallback solution G.711. 

Simultaneous telephony and transmission of data via uploads and 
downloads and/or IPTV is a further usage scenario of the products. 
Voice quality measurements with parallel upload and download have 

therefore been included in the measurements. This provides 
information about the prioritisation of voice data if the bandwidth is 
fully utilised. 
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General Overview of Quality Benchmarks 

The following measured values will be recorded during voice quality 

measurements: 
 

 

Figure 4: Overview of quality benchmarks of voice measurements 

 

SIP Registration Duration  

The SIP Registration Duration is determined separately for the “A” 

and “B” side. The time in seconds between sending the first 
REGISTER message and the arrival of the 200 OK message is 
measured. 

 

Figure 5: Measurement of SIP Registration Duration  

 

1. 1.

2. 2.

3. 3.

4. 4.

5. 5.

6. 6.

7. 7.

8. 8.

9. 9.

10. 10.

 Call Setup Failure Ratio [%]  Call Setup Failure Ratio [%]

 Connect Setup Failure Ratio [%]  Connect Setup Failure Ratio [%]

 Call Drop Ratio [%]  Call Drop Ratio [%]

 Speech Delay [ms]  Speech Delay [ms]

 Connect Setup Duration [s]  Connect Setup Duration [s]

 SIP Registration Failure Ratio [%]  SIP Registration Failure Ratio [%]

 Call Setup Duration [s]  Call Setup Duration [s]

Overview of quality benchmarks for voice quality measurements

 Voice pure  Voice with Upload and Download

 SIP Registration Duration [ms]  SIP Registration Duration [ms]

 Call Failure Ratio [%]  Call Failure Ratio [%]

 MOS-LQO [1-5]  MOS-LQO [1-5]
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SIP Registration Failure Ratio 

The Registration Failure Ratio is a measure of the failed SIP 

registrations in proportion to the total number of initiated SIP 
registrations. The measured value is determined separately for the 
“A” and “B” side. 

If no 200 OK message is received within ten seconds of sending the 
REGISTER message or another SIP error message is received, the 
registration attempt is regarded as having failed. 

Call Setup Duration 

To determine the call setup time, the time in seconds from the 
sending of the INVITE message by the “A” side until the 180 

RINGING or 183 SESSION PROGRESS message reaches the “A” side 
is measured (see green arrow in Figure 6).1 

Call Setup Failure Ratio 

The call setup failure ratio shows the ratio of failed connection setup 

attempts to total initiated connections as a percentage. 

Connection setup attempts not confirmed by the arrival of a 180 
RINGING or 183 SESSION PROGRESS message within ten seconds 

of sending the INVITE message are regarded as having failed.2 

 
1 For ISDN, the time between sending the DSS1 SETUP message (telephone number + 
“Sending Complete” information) and the arrival of DSS1 ALERT is measured. 
 
2 For ISDN, call status is determined by the DSS1 SETUP and DSS1 ALERT messages. 
 



kyago  
Benchmarking  

White Paper 
Version 7.8  

   

  19 of 94 

 

Figure 6: Measurement of call setup time 

 

Connect Setup Duration 

To determine the call setup time, the time in seconds from sending 

of the INVITE message by the “A” side until the 200 OK message 
reaches the “A” side is measured (see green arrow in Figure 7).3 The 
“B” side takes the call with a waiting time of 500ms after receipt of 

the SIP-INVITE. The displayed connect setup duration is adjusted by 
this delay. 

 
3 For ISDN, the time between sending the DSS1 SETUP message and the arrival of DSS1 
CONNECT is measured.  
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Figure 7: Measurement of connect setup duration (or time) 

 

Connect Setup Failure Ratio 

The connect setup failure ratio shows the ratio of failed connection 
setup attempts to total initiated connections as a percentage. 

Connection setup attempts that were not confirmed by the 200 OK 
message within ten seconds from sending of the INVITE message 
are regarded as having failed.4 

  

 
4 For ISDN, the DSS1 CONNECT message should arrive within 10 seconds of sending the 
DSS1 SETUP message. 
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Call Drop Ratio 

The call drop ratio shows the ratio of terminated telephony 

connections to total initiated connections as a percentage. 

With VoIP technology, a telephony connection starts with the 
sending of the INVITE message and is regarded as aborted if the 

end was not initiated by a BYE message from the caller (“A” side). 
In this case, the network signals the end of the connection to both 
call partners with the BYE message (see green arrow in Figure 8).5 

 

Figure 8: Determining the call drop ratio 

  

 
5 For ISDN, the network uses the DSS1 RELEASE message to signalise the Drop Call. 
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Call Failure Ratio 

The call failure ratio shows the ratio of failed telephony connections 

to total initiated connections as a percentage. 

With VoIP technology, a telephony connection starts with the 
sending of the INVITE message and is regarded as successful if the 

end was initiated by a BYE message from the caller (“A” side) (see 
green arrow in Figure 9).6 

 

Figure 9: Determining the call failure ratio 

  

 
6 For ISDN, the call status is determined by the DSS1 SETUP and DSS1 DISCONNECT 
message. 
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MOS LQO 

To evaluate the end-to-end voice quality of a telephone connection, 

standard ITU-T voice samples of female and male voices will 
sequentially be transmitted for about 8 seconds between the caller 
(“A” side) and the called party (“B” side). 

Figure 10 shows the simplified procedure for voice quality 
measurement based on a VoIP connection. This procedure applies to 
all connections without parallel data load. 

 

Figure 10: Measurement of voice quality 

 

Two bidirectional, sequential voice transmissions will be carried out. 

As can be seen in Figure 10, a voice sample that was sent from the 
“A” to “B” side and recorded on the “B” is referred to as “AB” below.  
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A voice sample recorded on the “A” side is labelled “BA”. 

The valuation of the quality of the recorded voice samples is based 
on ITU-T Rec. P.863 (POLQA). The originals of the voice samples 
used are entered into the POLQA algorithm at the point marked 

“Input Reference” (see Figure 11). The recorded voice samples to be 
evaluated will be entered into the algorithm at the point marked 
“Degraded Output”. 

The POLQA algorithm carries out a series of adjustment, balancing 
and synchronisation operations, and based on the implemented 
psycho-acoustic model, determines a voice quality value that is 

ultimately mapped to the MOS scale and is output as a 
MOS LQO value. The MOS scale ranges from 0 (bad) to 4.75 (best) 
in super-wideband mode, which is used in the measurements. 

 

Figure 11: Simplified depiction of the POLQA algorithm 

                    [Source: Whitepaper OPTICOM GmbH] 

 

Speech Delay 

The measured value will be determined with the help of the POLQA 

algorithm by comparing the approx. 8-second standard ITU-T 
reference voice sample with the voice samples recorded after 
transfer. 

A recorded voice sample will be compared with the reference voice 
sample fragment by fragment, and a speech delay value calculated 
for each voice segment. 
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An average value is calculated from these individual values. This 

represents the mean voice runtime of the complete voice sample in 
milliseconds (see Figure 12). 

A high time synchronicity between the measurement units involved 

is needed to determine this measured value. This synchronicity is 
ensured via the NTP protocol, the accuracy of which is further 
increased by static and dynamic correction mechanisms. 

 

Figure 12: Measurement of speech delay 
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Voice Quality Measurement with Parallel Upload and 

Download 

The process for voice quality measurement with parallel upload and 
download for the full utilisation of the products is shown by way 
Figure 13 of example in. To this end, the upload/download is set up 

at least five seconds before the telephony connection. Another 
five seconds after the start of the telephony connection, the 
download/upload is started. 

The upload and download will not be stopped until after the end of 
the telephony connection to ensure full utilisation of the bandwidth 
during the measurement. 

Two connections will be set up in parallel for connections between 
NGN terminals. 

 

Figure 13: Measurement of voice quality with parallel data load 
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The procedure shown in Figure 13 for voice quality measurement 

with parallel upload and download also applies in the same way for 
the entry of all voice quality benchmarks discussed in this section, 
i.e. each of these measured values is determined with and without 

parallel upload and download (data load). 
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5. High-speed Internet 

Various measurements will be made to evaluate the high-speed 
Internet connection quality of the products. The available upload 
and download bandwidth is determined by using standardised 

upload and download measurements (ETSI EG 202 057 – part 4 and 
TS 103 222) to measurement servers or data reference systems. 

These measurements are also carried out with simultaneous upload 

or download (data load measurements) to determine the behaviour 
of the products under simultaneous bandwidth utilization. 

The zafaco measurement concept for evaluating the high-speed 

Internet connection quality consists of the measurement system and 
measurement method. The measurement system refers to the 
combination of a local (measurement client) and distant 

measurement point (measurement server/data reference system). 
The measurement method refers to the technical measurement 
process. 

The measurement server/data reference system and the 
measurement client communicate with each other and form the 
basis of the concept for name resolving, latency, download and 

upload measurements. 

Measurement Server at Provider or zafaco 

The measurement server application can be used both centrally and 
decentrally and manages the resources for the measurements on 

the measurement servers. They serve as the remote stations for 
measurements from a measurement client. The measurement 
servers provide their services as UDP or TCP connections on port 80 

or 8080. 

Data Reference System at zafaco 

The data reference system comprises measurement servers and 

load balancers. This system guarantees adequate performance 
throughout the entire measurement. Any performance bottlenecks 
on individual measurement servers are detected. The measurement 

client application responds automatically by selecting a suitable 
measurement server. 
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The data reference system’s load balancer comprises two 

components. The first is the DNS system, which distributes 
measurement client requests between all the available measurement 
servers on a round robin basis. The second is a system monitoring 

tool, which analyses the CPU, memory, system load and the current 
data rate of the network interface. 

The system monitoring tool makes sure the data reference system is 

never overloaded during a measurement and that each 
measurement client is provided with sufficient resources for the 
measurement. 

Measurement client 

The measurement client communicates actively with the 
measurement server/data reference system, by querying if the 
measurement server/data reference system has free resources, 

authenticating the measurement client to the measurement 
server/data reference system, and then initiating the 
measurements. 

The measurement client is available as a Java Applet, Android and 
iOS application as well as C++ software. 

Multi-LAN Measurements 

All provider products are tested using multiple cabling between the 
zafaco measurement unit and the IAD/router. 

To determine the available bandwidth, multi-LAN upload and 

download measurements are taken via two ports of the IAD/router 
for products less than or equal to 1 Gbit/s and a maximum of 
5 ports for products greater than 1 Gbit/s. For a 2.5/10 Gbit/s 

IAD/router LAN interface, a single LAN cabling can be set up with 
one of the measurement unit’s 10 Gbit/s LAN interfaces. 

For a multi-LAN measurement, one valid IPv6 address is required 

per IAD/router port, over which data transmission in the up and 
down direction must be possible. 
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Dual Stack Handling 

Depending on the provider product, the quality of the high-speed 

Internet connection is measured using IPv6. 

If IPv6 communication cannot be established between the 
measurement client and the measurement server/data reference 

system, a fallback to IPv4 is performed. 

If the provider generally does not support IPv6, the measurements 
are taken using IPv4. 

General Overview of Quality Benchmarks 

 

Figure 14: Overview of quality Benchmarks of data measurements 
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5.1  Test Case Download 

HTTP Download Response Time 

This value measures the response time of an HTTP initialisation in 
the download in milliseconds. 

For the purposes of this document, HTTP Download Response Time 

is defined as the time elapsed between the sending of the initial 
HTTP request (GET HTTP) and the receipt of the first TCP packet 
(see green arrow in Figure 15). 

To determine the various HTTP download parameters of the 
products, four parallel HTTP data streams are initiated which are 
transmitted with sufficient data from the measurement server/data 

reference system to the measurement client. For a multi-LAN 
measurement, two parallel HTTP data streams per IAD/router port 
are set up. 

In so doing, an HTTP Response Time is recorded per HTTP data 
stream, and the minimum value of all HTTP Response Times 
recorded is assessed. 

 

Figure 15: Measurement of HTTP Response Time 

 

HTTP Download Throughput 

To reflect a realistic use situation, the measurement uses the 
hypertext transfer protocol (HTTP), a protocol frequently used by 

end users. 
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Four parallel HTTP data streams are set up to transfer sufficient data 

from the measurement server/data reference system to the 
measurement client. For a multi-LAN measurement, two parallel 
HTTP data streams per IAD/router port are set up. 

This requires a sufficiently large volume of data to be continuously 
generated by the measurement server/data reference system 
throughout the measurement. “Sufficiently large” here means that, 

even for the maximum conceivable data transmission rate, data can 
be continuously transferred and the maximum possible data 
transmission rate can be measured throughout the entire 

measurement. 

The data transmission of all data streams is stopped after a specified 
time. The specification of this time window takes into consideration 

the influence of the TCP congestion control. 

The HTTP Download Time is time from when the last HTTP data 
stream is started to when the first parallel HTTP data streams of the 

standardised HTTP download are stopped. It takes into account the 
influence of the TCP congestion control. Hence, the HTTP Download 
Time is the time during which all four parallel HTTP data streams are 

simultaneously generating a load. 

The amount of data that is transferred is calculated from the total of 
the loaded data of the individual HTTP data streams during the HTTP 

Download Time. 

From the amount of data and the HTTP Download Time (see green 
arrow in Figure 16), the HTTP Download Throughput and thus the 

available download data transfer rate is calculated in Mbit/s. 

 

Figure 16: Measurement of HTTP Download Throughputs 
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HTTP Download Throughput < x% of Bandwidth 

If an HTTP download falls below x percent of the rate invoiced or the 

rate communicated by the provider, this is rated as a reduced HTTP 
download. 

The value HTTP Download Throughput < x% of Bandwidth is the 

percentage ratio of the reduced HTTP downloads to the HTTP 
downloads undertaken in total. 

HTTP Download Failure Ratio 

If all the requested HTTP data streams of the standardised HTTP 
download contain errors or if the minimum value of the HTTP 
Download Response Times recorded exceeds 1 second, the HTTP 

download is rated as failed. 

The HTTP Download Failure Ratio describes the ratio of failed HTTP 
downloads to the total number of initiated HTTP downloads as a 

percentage. 

 

5.2  Test Case Upload 

HTTP Upload Response Time 

This measured value gives the response time in milliseconds for an 

HTTP initialisation in upload. 

For the purposes of this document, HTTP Upload Response Time is 
defined as the time elapsed between the sending of an initial HTTP 

request (POST HTTP) to the receipt of the first TCP (see green arrow 
in Figure 17). 

To determine the various HTTP upload parameters of the products, 

four parallel HTTP data streams are initiated which are transmitted 
with sufficient data from the measurement server/data reference 
system to the measurement client. For a multi-LAN measurement, 

two parallel HTTP data streams per IAD/router port are set up. 

In so doing, an HTTP Response Time is recorded per HTTP data 
stream, and the minimum value of all HTTP Response Times 

recorded is assessed. 
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Figure 17: Measurement of HTTP Upload Response Time 

 

HTTP Upload Throughput 

To measure the upload data transmission rate, the measurement 

uses the hypertext transfer protocol (HTTP), a protocol frequently 
used by end users. 

Four parallel HTTP data streams are set up to transfer sufficient data 

from the measurement client to the measurement server/data 
reference system. For a multi-LAN measurement, two parallel HTTP 
data streams per IAD/router port are set up. 

This requires a sufficiently large volume of data to be continuously 
generated by the measurement client throughout the measurement. 
“Sufficiently large” here means that, even for the maximum 

conceivable data transmission rate, data can be continuously 
transferred and the maximum possible data transmission rate can 
be measured throughout the entire measurement. 

The HTTP Upload Time (see green arrow in Figure 18) is the time 
from when the last HTTP data stream is started to when the first 
parallel HTTP data stream of the standardised HTTP upload is 

stopped. It takes into account the influence of the TCP congestion 
control. Hence, the HTTP Upload Time is the time during which all 
four parallel HTTP streams are simultaneously generating a load. 

The HTTP Upload Throughput and hence the available data 
transmission rate during the product upload is calculated in Mbit/s 
from the data volume and the HTTP Upload Time. 
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Figure 18: Measurement of HTTP Upload Throughput 

 

HTTP Upload Throughput < x% of Bandwidth 

If an HTTP upload is less than x percent of the rate invoiced or the 

rate communicated by the provider, this counts as a reduced HTTP 
upload. 

The value HTTP Upload Throughput < x% of Bandwidth is the 

proportion of reduced HTTP uploads to total HTTP uploads as a 
percentage. 

HTTP Upload Failure Ratio 

If all the requested HTTP data streams of the standardised HTTP 

upload contain errors or if the minimum value of the HTTP Upload 
Response Times recorded exceeds 1 second, the HTTP upload is 
deemed to have failed. 

The HTTP Upload Failure Ratio gives the percentage ratio of failed 
HTTP uploads to the HTTP uploads initiated in total. 

 

5.3  Test Case PING 

PING Average Time 

For the purposes of this document, a PING measurement consists of 
ten consecutive ICMP echo requests at intervals of one second, with 

a timeout of 1 second for each ICMP echo request to the 
measurement server/data reference system. 
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The measurement is performed using the IPv4 address of the 

respective FQDN for the measurement server/data reference system 
as the remote address. 

For the purposes of this document, the measured value PING Time 

is defined as the time elapsed between the sending of an ICMP echo 
request and the receipt of the ICMP echo reply (see green arrow in 

Figure 19). 

The value PING Average Time represents the mean response time of 
all PING Times of a PING measurement in milliseconds. 

 

Figure 19: Measurement of the PING Time 

 

PING Packets Missing 

The measured value PING Packets Missing indicates the ratio in 
percentage of ICMP echo replies not received to the total number of 

initiated ICMP echo requests. An ICMP echo reply is considered 
missing if it has not been received in response to an ICMP echo 
request within the timeout period of 1 second. 

PING Packet Errors 

The measured value PING Packet Errors indicates the percentage 
ratio of ICMP echo replies with errors to the total received ICMP 
echo replies. 
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PING Failure Ratio 

The ratio of unsuccessfully conducted Ping measurements to the 

total PING measurements initiated is represented by the PING 
Failure Ratio as a percentage. 

A PING measurement is rated as failed if ICMP echo replies are 

missing, contain errors (e.g. the destination does not reply with the 
same value in the sequence number) or the PING Average Time 
exceeds 1 second. 

 

5.4  Test Case Loadtest HTTP Download with parallel HTTP Upload 

and Voice 

The quality benchmarks HTTP Download Response Time, HTTP 

Download Throughput, HTTP Download Throughput < x% of 
Bandwidth and HTTP Download Failure Ratio are also measured with 
parallel HTTP upload to exhaust the whole bandwidth (see Figure 

20). 

 

Figure 20: Measurement of HTTP Download Throughputs with Parallel HTTP 

Upload and Voice 

 

Here, the HTTP upload is initiated as a disturbance (load) at least 
five seconds before the telephony connection. Another five seconds 
after the start of the telephony connection, the download is started. 

The disturbance (load) will not be stopped until after the end of the 
telephony connection to ensure full utilisation of the bandwidth 
during the measurement. 
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Only the quality benchmarks of the HTTP download and the 

telephony connection are incorporated as measurement parameters 
in the evaluation. 

Two telephony connections will be set up in parallel between NGN 

terminals. 

All quality benchmarks except HTTP Response Time are calculated 
using the same method as without parallel HTTP upload. The mean 

value of the recorded HTTP Response Times is assessed as the HTTP 
Response Time of the standardised HTTP download. The timeout of 
the mean value of the recorded HTTP Download Response Times 

increases to five seconds. 

 

5.5  Test Case Loadtest HTTP Upload with parallel HTTP Download 

and Voice 

The quality benchmarks HTTP Upload Response Time, HTTP Upload 
Throughput, HTTP Upload Throughput < x% of Bandwidth and HTTP 
Upload Failure Ratio are also measured with parallel HTTP download 

to exhaust the full bandwidth (see Figure 21). 

 

Figure 21: Measurement of HTTP Upload Throughput with parallel HTTP Download 

and Voice 
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Here, the HTTP download is initiated as a disturbance (load) at least 

five seconds before the telephony connection. Another five seconds 
after the start of the telephony connection, the upload is started. 
The disturbance (load) will not be stopped until after the end of the 

telephony connection to ensure full utilisation of the bandwidth 
during the measurement. 

Only the quality benchmarks of the HTTP upload and the telephony 

connection are incorporated as measurement parameters in the 
evaluation. 

Two telephony connections will be set up in parallel between NGN 

terminals. 

All quality benchmarks will be calculated using the same method as 
without parallel HTTP download. The timeout for the HTTP Upload 

Response Times increases to five seconds. 
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6. Web services 

Customers expect optimum performance, even if visitor numbers 
are high and there are sales campaigns with a time limit. Customers 
become dissatisfied as a result of long loading times, slow music and 

video clips or inaccessible websites. Average users wait no more 
than four seconds for a website to fully load. 90 percent of Internet 
customers turn their back on an online shop after three failed access 

attempts at the latest. 

The Benchmarking Platform will measure both performance-based 
QoS measurements such as the DNS resolution time and response 

times for gaming servers and user-oriented QoE measurements such 
as Kepler times and website loading times. 

The use of DNS, as one of the most frequently used Internet 

services, is usually not noticed by the user. However, because this 
service is fundamental for interaction and a runtime delay affects a 
high number of Internet services, this measurement will be carried 

out as an independent test. 

In the context of DNS measurement, 10 DNS Requests will be sent 
each hour, and the response time for these requests measured. The 

DNS Requests will be made recursively to the DNS service of the 
home router (IAD/CPE/router), which forwards the request to the 
DNS server defined by the provider. 

To exclude DNS caching mechanisms as much as possible and force 
measurements to the DNS servers in the provider networks, 10 DNS 
requests are arbitrarily selected each hour from a publicly-viewable 

list of the Top 50 Similarweb websites. The list of the Top 50 URLs 
are recalculated regularly and sorted in a random order each day. 

A number of online games require above-average runtime 

performance to enable players to compete with other players on an 
equal footing in interactive games. 

In the user-oriented QoE measurements, a website is accessed via a 

browser. Standardised test pages (ETSI Kepler reference page) from 
national and international web hosting providers will be accessed 
and measured at the transport layer. 
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In addition, various, frequently used websites are also measured at 

the application layer. Chrome, the leading and most widespread 
browser in Germany, is used to determine the quality benchmarks. 

Key elements of the trigger points defined by W3C “Navigation 

Timing Level 2”, W3C “Paint Timing” and W3C “Largest Contentful 
Paint” are used to determine the measured values of website calls. 

General Overview of Quality Benchmarks 

 

Figure 22: Overview of quality benchmarks of Web services measurements 
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6.1  Test Case Websites 

DNS Lookup Time 

This measured value shows the time in milliseconds for the 
resolution of host names in IP addresses. 

For the purposes of this document, DNS Lookup Time is defined as 

the time that elapses from the sending of a DNS Request (DNS 
query) to the IAD until receipt of the resolved IP address (DNS 
query response) on application level (see green arrow in Figure 23). 

If more CNames (“aliases”) were registered for the requested host 
name, another DNS Request will be sent for each CName. However, 
only the first DNS response will be evaluated for the measurement. 

 

Figure 23: Measurement of DNS Lookup Time 

 

DNS Lookup Failure Ratio 

If a DNS Request contains errors or the DNS Lookup Time exceeds 1 
second, the DNS Request is rated as failed. 

The ratio of the failed DNS Requests to the total DNS Requests 

initiated is indicated by the DNS Lookup Failure Ratio as a 
percentage. 
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Website Response Time 

This measured value shows the response time of a HTTP 

initialisation in milliseconds. 

For the purposes of this document, Website Response Time is 
defined as the time that elapses between the sending of the initial 

HTTP request (GET HTTP) and the arrival of the complete HTTP 
response (see green arrow in Figure 24). 

 

Figure 24: Measurement of website response time 

 

Website DOM Duration 

This measured value shows the download and processing of all 

synchronous elements for the creation of the page structure (HTML, 
CSS, JavaScript) in second. 

For the purposes of this document, Website DOM Duration is defined 

as the time that elapses between the initiation of the website 
request in the browser and the arrival and processing of all elements 
required to create the document object on the application level. The 

trigger point is reached when the element defined by W3C “current 
document readiness” assumes the status “complete” (see green 
arrow in Figure 25). 
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Figure 25: Measurement of website DOM duration 

 

Website Load Duration 

This measured value shows the download and the processing of all 

elements in seconds. 

For the purposes of this document, Website Load Duration is defined 
as the time that elapses between the initiation of the website 

request in the browser and the arrival and processing of all elements 
on the application level. This includes all downstream elements, 
including asynchronous JavaScripts, images or media, in addition to 

the synchronous elements of the “Ready for Presentation Time”. 

Further communication, for example a client/server communication 
via JavaScripts, will not be taken into consideration here. The trigger 

point is reached, when the “load event” defined according to W3C 
has been achieved (see green arrow in Figure 26). 
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Figure 26: Measurement of website load duration 

 

Website Session Duration 

This measured value shows the full download and its interaction with 

its counter points (e.g. JavaScript) in seconds. 

For the purposes of this document, Website Session Duration is 
defined as the time that elapses between the initiation of the 

website request in the browser and the arrival of all HTTP responses 
on the application level. These are further elements from the area 
CSS, JavaScript and media with their additional client/server 

interactions, as well as elements from other web servers and 
Content Delivery Networks (see green arrow in Figure 27). 
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Figure 27: Measurement of website session duration 
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Website First Contentful Paint Duration 

This measured value shows the time in seconds needed to display 

the first website content. 

For the purposes of this document, Website First Contentful Paint 
Duration is defined, on the application level, as the time that elapses 

from the initiation of the website call in the browser until the first 
content of the website is displayed (see green arrow in Figure 28). 

 

Figure 28: Measurement of Website First Contentful Paint Duration 

 

Website Largest Contentful Paint Duration 

This measured value shows the time in seconds that elapses until 

enough of the website has been loaded for it to appear usable to the 
user. 

For the purposes of this document, Website Largest Contentful Paint 

Duration is defined, on the application level, as the time that elapses 
from the initiation of the website call in the browser until the largest 
content of the website is displayed (see green arrow in Figure 29). 

The size of the content is determined from the number of pixels in 
the visible area. 
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Figure 29: Measurement of Website Largest Contentful Paint Duration 

 

Website Time to first Byte 

This measured value shows the time in seconds that elapses until 

the first byte of the initial HTTP response has been received 

For the purposes of this document, Website Time to first Byte is 
defined, on the application level, as the time that elapses from the 

initiation of the website call in the browser until the first byte of the 
HTTP response arrives (see green arrow in Figure 30). 
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Figure 30: Measurement of Website Time to first Byte 

 

Website Download Failure Ratio 

If the HTTP download of a website is incorrect or exceeds the 

Website Response Time of 1 second, the HTTP download is rated as 
failed. 

The HTTP Download Failure Ratio describes the ratio of failed HTTP 

downloads to the total number of initiated HTTP downloads as a 
percentage. 

 

6.2  Test Case Gaming 

PING Average Time 

For the purposes of this document, a PING measurement consists of 
ten consecutive ICMP echo sent at one second intervals, with a 
timeout of 1 second for each ICMP echo request. 

For the purposes of this document, the measured value PING Time 
is defined as the time elapsed between the sending of an ICMP echo 
request and the receipt of the ICMP echo reply (see green arrow in 

Figure 31). 

The value PING Average Time represents the mean response time of 
all PING Times of a PING measurement in milliseconds. 
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Figure 31: Measurement of the PING Time 

 

PING Packets Missing 

The measured value PING Packets Missing indicates the ratio in 

percentage of ICMP echo replies not received to the total number of 
initiated ICMP echo requests. An ICMP echo reply is considered 
missing if it has not been received in response to an ICMP echo 

request within the timeout period of 1 second. 

PING Packet Errors 

The measured value PING Packet Errors indicates the percentage 
ratio of ICMP echo replies with errors to the total received ICMP 

echo replies. 

PING Failure Ratio 

The ratio of unsuccessfully conducted PING measurements to the 
total PING measurements initiated is represented by the PING 

Failure Ratio as a percentage. A PING measurement is rated as 
failed if ICMP echo replies are missing, contain errors (e.g. the 
destination does not reply with the same value in the sequence 

number) or the PING Average Time exceeds 1 second. 
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6.3  Test Case Web Hosting 

DNS Lookup Time 

This measured value shows the time in milliseconds for the 
resolution of host names in IP addresses. 

For the purposes of this document, DNS Lookup Time is defined as 

the time that elapses from the sending of a DNS Request (DNS 
query) to the IAD until receipt of the resolved IP address (DNS 
query response) on application level (see green arrow in Figure 32). 

If more CNames (“aliases”) were registered for the requested host 
name, another DNS Request will be sent for each CName. However, 
only the first DNS response will be evaluated for the measurement. 

 

Figure 32: Measurement of DNS Lookup Time 

 

DNS Lookup Failure Ratio 

If a DNS Request contains errors or the DNS Lookup Time exceeds 1 
second, the DNS Request is rated as failed. 

The ratio of the failed DNS Requests to the total DNS Requests 

initiated is indicated by the DNS Lookup Failure Ratio as a 
percentage. 
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HTTP Response Time 

This measured value shows the response time in milliseconds for an 

HTTP initialisation of the standardised test page. 

For the purposes of this document, HTTP Response Time is defined 
as the time elapsed between the sending of the initial HTTP request 

(GET HTTP) and the arrival of the first TCP packets of the HTTP 
Response (First TCP Packet) (see green arrow in Figure 33). 

 

Figure 33: Measurement of the HTTP Response Time for standardised test page 

 

HTTP Session Duration 

With this measured value, the full download of the standardised test 

page will be measured in seconds. 

For the purposes of this document, HTTP Session Duration is defined 
as the time elapsed between the sending of the initial HTTP request 

(GET HTTP) and the arrival of the last HTTP response (Final HTTP 
200 OK) (see green arrow in Figure 34). 
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Figure 34: Measurement of the HTTP session duration for standardised test page 

 

HTTP Download Failure Ratio 

If the HTTP download of the standardised test page contains errors 

or the HTTP Response Time exceeds two seconds, the HTTP 
download is rated as failed. 

The HTTP Download Failure Ratio describes the ratio of failed HTTP 

downloads to the total number of initiated HTTP downloads as a 
percentage. 

 

6.4  Test Case DNS 

DNS Lookup Time 

This measured value shows the time in milliseconds for the 
resolution of host names in IP addresses. 

For the purposes of this document, DNS Lookup Time is defined as 
the time that elapses from the sending of a DNS Request (DNS 
query) to the IAD until receipt of the resolved IP address (DNS 

query response) on application level (see green arrow in Figure 35). 

If more CNames (“aliases”) were registered for the requested host 
name, another DNS Request will be sent for each CName. However, 

only the first DNS response will be evaluated for the measurement. 
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Figure 35: Measurement of DNS Lookup Time 

 

DNS Lookup Failure Ratio 

If a DNS Request contains errors or the DNS Lookup Time exceeds 1 

second, the DNS Request is rated as failed. 

The ratio of the failed DNS Requests to the total DNS Requests 
initiated is indicated by the DNS Lookup Failure Ratio as a 

percentage. 
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7. WebTV 

In 2022, global video traffic will constitute up to 82% of end user 
traffic. Well over half of this is generated by Internet video portals 
such as YouTube, Amazon Prime, Netflix, Sky or media centres 

(source: Cisco Visual Network Index, 02.2019). 

This presents a major challenge for Internet service providers if they 
want to provide excellent quality of service to their customers. They 

not only have to ensure quality of service in their own network, but 
also pay particular attention to the video content feed via various 
peering and content delivery networks (CDN). 

The WebTV test carries out measurement using the over-the-top 
approach for various video content providers. Either a Chrome or a 
Firefox web browser each with the appropriate plug-ins needed for 

all the major components of the video being tested is used to access 
the videos. 

Where possible, the measurements will be made using adaptive 

streaming. Depending on the VoD provider, different streaming 
approaches are offered via HTML5 MPEG DASH or Silverlight. 
Typically, the MP4 video container is used with H.264 coding and 

MP3, AAC or OGG audio codec. 

The quality analysis is based on OPTICOM’s latest Perceptual 
Evaluation of Streaming Video Quality (PEVQ-S) algorithm, which 

now supports VP9 and UHD resolutions in addition to H.265. 

As part of the YouTube (YT) video response time measurements, ten 
videos will be accessed by Google’s Chrome browser every hour and 

the response time for an HTTP initialization of the video element will 
be measured. 

To this end, at intervals of six hours, the 50 “most popular” videos 

in the four YouTube trending categories 
( https://www.youtube.com/feed/trending7) are fetched. Some can 
be marked as private or not used for technical reasons. 

  

 
7 Link to the four YouTube trending categories 

https://www.youtube.com/feed/trending
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Of the remaining videos, the 60 with the most views at the time of 

fetching are chosen in random order and arranged in six blocks of 
ten videos. Thus, ten YT response time tests are carried out every 
hour. 

General Overview of Quality Benchmarks 

 

Figure 36: Overview of quality benchmarks of WebTV measurements 

 

7.1  Test Case WebTV 

Video Response Time 

This measured value shows the response time of a HTTP 
initialisation of video element in milliseconds. 

For the purposes of this document, WebTV Video Response Time is 
defined as the time that elapses between the sending of the video 
element’s initial HTTP request (GET HTTP) and the arrival of the first 

HTTP response packet (TCP Packet) (see green arrow in Figure 37). 
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Figure 37: Measurement of WebTV video response duration 
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Initial Buffering Time 

This measured value shows the time in seconds that elapses 

between the initial buffering signal of the video player and the start 
of the video playback. 

The video player starts without user interaction after a video buffer 

threshold defined for it has been reached. This threshold is usually 
defined by the player or VoD provider. The status of the video player 
is either determined directly via suitable interfaces or is simulated 

by a PEVQ-S video player model. 

Rebuffering Events 

The measured value WebTV rebuffering events reflects the number 

of rebuffering events in a video. 

A rebuffering event is determined using the video player interface. 
The PEVQ-S player model is used if there is no interface. The 

presentation is started in this case after the initial buffering time has 
been reached. If video information is missing during the 
presentation time, the presentation is stopped and waits for the 

required data. This is a rebuffering event. 

Rebuffering Time 

The measured value WebTV rebuffering time reflects the rebuffering 
duration of all rebuffering events of a transmission in milliseconds. 

Video Sequence Duration 

The video sequence duration describes the length of the video 
sequence in seconds, which was taken into consideration during the 
analysis of video quality. In a complete video transmission, this 

corresponds to the total video length. 

Playback Sequence Duration 

The playback duration of a video within the video players is provided 
in Playback Sequence Duration. If there are rebuffering events 

within the video, the playback sequence duration will deviate from 
the video sequence duration. 

Video Bitrate Meta 

This value provides the average bit rate in Mbit/s of the video 
stream belonging to this analysis interval. 
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MOS 

The use of the PEVQ-S measurement algorithm allows video quality 

to be evaluated on a five point MOS scale that takes into account 
subjective human perception with high accuracy. 

The complexity of the software algorithm developed by OPTICOM 

GmbH in Erlangen and used for the analysis of a streaming service 
can be adapted to reflect the level of detailed information provided 
by the respective streaming service. 

In the slowest but most accurate high-resolution mode, the entire 
decoded content of the image will be compared with the pixels in the 
original video signal. 

However, streaming services often use encrypted transmission 
methods and the video signal played back by the player is not 
available for analysis. In this case, a PEVQ-S measurement is based 

on easily accessible bit stream information that the player requires 
for playback, such as image resolution, video coding method and the 
respective bit rate. 

 

Figure 38: PEVQ-S block diagram: OTT network (top), PEVQ-S modules (middle) 

and PEVQ-S results (bottom) / (source: Whitepaper OPTICOM GmbH] 
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Likewise, the playback behaviour of the player can be measured, for 

example, by measuring how frequently and for how long data has to 
be reloaded from the Internet, and whether picture sequence 
freezes occur. 

A countless number of combinations of these parameters have 
already been analysed by OPTICOM video tests so that by just 
reading the parameters in the bit stream, a fairly accurate prediction 

of the quality of each video codec can be made without analysing 
the pixels in the video. 

However, a prerequisite for such an algorithm – also referred to a 

parameter-based or bit stream measurement method – is its 
calibration against the used codecs. 

The latest PEVQ-S version now supports VP9 and UHD resolutions in 

addition to H.265. 

The algorithm determines an MOS at intervals of four seconds. The 
mean value of all MOS results is the final MOS of a measurement. 

 

Figure 39: Measurement of WebTV video quality & video performance indicators 
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MOS Initial 

Video quality is observed during the first 20 seconds of video 

streaming and evaluated by MOS Initial. This parameter reflects 
video transmission behaviour at the beginning of a stream and 
hence analyses the behaviour of the video player when determining 

the adaptive channel estimation and adjusting the streaming quality 
to individual conditions. 

MOS Stable 

MOS Stable is a measure of the long-term quality of the video signal 
and excludes adjustments made to the channel at the start of 
transmission. The value indicates video quality between completion 

of the initial 20-second phase and the end of the video analysis. 

Failure Ratio 

If the video call failed, the initial buffering time exceeds four 
seconds or the rebuffering time exceeds three seconds, the WebTV 

service is rated as failed. 

The ratio of failed video downloads to the total video downloads 
initiated is shown by the WebTV failure ratio as a percentage. 

 

7.1  Test Case YT Video Response Time 

YouTube (YT) Video Response Time 

This value measures the response time of an HTTP initialisation of 
the video element in milliseconds. 

For the purposes of this document, YouTube (YT) video response 
time is defined as the time that elapses between the sending of the 
video element’s initial HTTP request (GET HTTP) and the arrival of 

the first HTTP response packet (TCP Packet) (see green arrow in 
Figure 40). This time is measured at the transport layer. 
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Figure 40: Measurement of YT Video Response Time 

 

YouTube (YT) Video Response Time Failure Ratio 

If a video is incorrectly downloaded or the video response time of 

200 milliseconds is exceeded, the service is deemed to have failed. 

The ratio of failed video downloads to the total video downloads 
initiated is shown by the YouTube (YT) Video Response failure ratio 

as a percentage. 
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8. IPTV 

In the increasingly complex world of next-generation video services, 
knowledge about the quality of service is a crucial factor in the fight 
for market share and customer satisfaction. 

IPTV measurements are performed either by using set-top boxes 
supplied by providers (IPTV Classic), or by using Apple TV 4K (IPTV 
app). 

The subjective and objective quality of the media data is derived 
from the current IP data stream (live and non-reference 
measurements) and is based on the analysis of network parameters 

and the quality of service (QoS) as well as on an analysis of the 
video codec layers with the help of “deep packet inspection”. 

Where possible, the measurements will be made using adaptive 

streaming. Depending on the IPTV provider, different streaming 
approaches are offered via HTML5 MPEG DASH or HLS. Typically, the 
MP4 video container is used with H.264 coding and MP3, AAC or 

OGG audio codec. 

The quality analysis is based on OPTICOM’s latest Perceptual 
Evaluation of Streaming Video Quality (PEVQ-S) algorithm, which 

now supports VP9 and UHD resolutions in addition to H.265. 

For IPTV Classic, test cases on the set-top box are controlled using 
primary control per Bluetooth Low Energy (BLE). For the IPTV app 

on Apple TV, control is via a simulated Apple remote app (iOS end 
user devices) which sends commands over the network interface. 
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General overview of quality benchmarks of IPTV 

measurements 

 

Figure 41: Overview of quality benchmarks of IPTV measurements 
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8.1  Test Case IPTV Classic 

STB Startup Response Time 

This measurement is used to show the time in milliseconds, which is 
needed for the first communication between the set-top box (STB) 
and the IPTV headend. 

For the purposes of this document, STB Startup Response Time is 
defined as the time that elapses from the sending of the first packet 
of the STB to the receipt of the first packet of the IPTV headend. 

STB Startup Time 

This measured value shows the time in seconds which a set-top box 
requires to start from the standby mode. 

For the purposes of this document, STB Startup Time is defined as 

the time from the sending by the remote control device of the code 
for the switch-on signal to the set-top box to the arrival of the first 
full screen of the first channel (see green arrow in Figure 42). 

 

Figure 42: Measurement of IPTV STB Startup Time 
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STB Startup Failure Ratio 

If the defined trigger points in are not detected during the test, the 

STB Startup is rated as failed. 

The ratio failed STB starts to the total STB starts initiated is shown 
by the STB Startup Failure Ratio as a percentage. 

Zapping Response Time 

This measured value shows the time in milliseconds needed for the 
first communication between set-top box (STB) and IPTV headend 

during a channel change. 

For the purposes of this document, STB Zapping Response Time is 
defined as the time that elapses from the sending of the first packet 

of the STB to the receipt of the first packet of the IPTV headend 
during a channel change. 

Zapping Time 

This measuring value shows the time in milliseconds that is required 

for a channel change. 

The channel change is initiated by the “P+” (programme +) code 
from the remote control device. For the purposes of this document, 

Fast Zapping Time is defined as the time that elapses from the 
sending by the remote control device of the code for a channel 
change to the set-top box to the arrival of the first full screen of the 

requested channel (see green arrow in Figure 43). 
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Figure 43: Measurement of IPTV Zapping Time 

 

Zapping Failure Ratio 

If the pre-defined trigger points are not detected during the test, the 

channel change is rated as failed. 

The ratio of failed channel changes to the total channel changes 
initiated is shown by the zapping failure ratio as a percentage. 

Fast Zapping Response Time 

This measured value shows the time in milliseconds needed for the 
first communication between set-top box (STB) and IPTV headend 
during a channel change. 

For the purposes of this document, Fast Zapping Response Time is 
defined as the time that elapses from the sending of the first packet 
by the STB until the receipt of the first packet from the IPTV 

headend during a channel change. 
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Fast Zapping Time 

This measuring value shows the time in milliseconds that is required 

for a channel change. The channel change is initiated by the “P+” 
(programme +) code from the remote control device. For the 
purposes of this document, Fast Zapping Time is defined as the time 

that elapses from the sending by the remote control device of the 
code for a channel change to the set-top box to the arrival of the 
first full screen of the requested channel (see green arrow in Figure 

44). 

 

Figure 44: Measurement of IPTV Fast Zapping Time 

 

Fast Zapping Failure Ratio 

If the pre-defined trigger points are not detected during the test, the 
channel change is rated as failed. 

The ratio of failed channel changes to the total channel changes 
initiated is shown by the fast zapping failure ratio as a percentage. 

Number Zapping Response Time 

This measured value shows the time in milliseconds needed for the 
first communication between set-top box (STB) and IPTV headend 
during a channel change. 
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For the purposes of this document, the Number Zapping Response 

Time is defined as the time that elapses from the sending of the first 
packet of the STB and to the receipt of the first package of the IPTV 
- headend during a channel change. 

Number Zapping Time 

This measuring value shows the time in milliseconds that is required 
for a channel change. The channel change is initiated by the 
“Button 3” and “OK” codes from the remote control device. The time 

interval between the codes from the remote control device is 500 
milliseconds. 

For the purposes of this document, Number Zapping Time is defined 

as the time that elapses from the sending by the remote control 
device of the last code for a channel change to the set-top box until 
the arrival of the first full screen of the requested channel (see 

green arrow in Figure 45). 

 

Figure 45: Measurement of IPTV Number Zapping Time 
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Number Zapping Failure Ratio 

If the pre-defined trigger points are not detected during the test, the 

channel change is rated as failed. 

The ratio of failed channel changes to the total channel changes 
initiated is shown by the number zapping failure ratio as a 

percentage. 

EPG Zapping Response Time 

This measured value shows the time in milliseconds needed for the 

first communication between set-top box (STB) and IPTV headend 
during a channel change. 

For the purposes of this document, EPG Zapping Response Time is 

defined as the time that elapses from the sending of the first packet 
by the STB until the receipt of the first packet from the IPTV 
headend during a channel change. 

EPG Zapping Time 

This measuring value shows the time in milliseconds that is required 
for a channel change. The channel change is initiated by the “EPG”, 
“Down Arrow” and “OK” codes from the remote control device. The 

time interval between the codes from the remote control device is 
500 milliseconds. 

For the purposes of this document, EPG Zapping Time is defined as 

the time that elapses from the sending by the remote control device 
of the last code for a channel change to the set-top box until the 
arrival of the first full screen of the requested channel (see green 

arrow in Figure 46). 
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Figure 46: Measurement of IPTV EPG Zapping Time 

 

EPG Zapping Failure Ratio 

If the pre-defined trigger points are not detected during the test, the 

channel change is rated as failed. 

The ratio of failed channel changes to the total channel changes 
initiated is shown by the EPG zapping failure ratio as a percentage. 

Bitrate Video 

Bitrate Video specifies the average bit rate of the video stream on 
the application layer. 

Video Codec 

The video codec of the image during evaluation of video quality. 

Video Level 

Video Level defines the maximum resolution and bit rate. The value 
lies between 1 and 5.2 and is incremented in steps that correspond 

to the standard. 

Video Resolution 

The resolution of the video in pixels, defined as “Picture Width” and 
“Picture Height”. 
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Video MOS  

In IPTV video MOS, the measurement unit detects IPTV streams. 

These IPTV streams are based on adaptive streaming (MPEG DASH). 
Depending on the IPTV provider, different streaming systems are 
used. Typically, the MPEG video container is used with H.264, H.265 

or HEVC/VP9 encoding and various audio codecs. 

The quality analysis takes place in accordance with the OPTICOM 
Perceptual Evaluation of Streaming Video Quality (PEVQ-S) method. 

This is based on ITU-T Rec. P.1204. 

PEVQ-S uses a non-reference (NR) approach to evaluate the stream. 
In addition to video parameters such as adaptive bit rate, resolution, 

frame rate, etc., this also evaluates the content complexity of the 
stream. The content complexity is collected depending on the Digital 
Rights Management (DRM) used. 

Furthermore, the dynamic quality aspects such as transmission and 
presentation quality are determined; this includes the initial 
buffering time and rebuffering information, among other things. 

The determined properties are used to derive a Quality of 
Experience (QoE) value as a Mean Opinion Score (MOS) of between 
1 (poor) and 5 (very good). 

The algorithm determines an MOS at intervals of four seconds (see 
Figure 47). 
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Figure 47: Measurement of IPTV Video MOS 

 

IPTV measurement with parallel up- and download and voice 

The quality benchmarks of the Test Case IPTV and IPTV² are also 

measured with parallel HTTP upload and download and parallel 
telephony connections to fully utilise the bandwidth. 

Here, the HTTP Upload and HTTP Download disturbances are started 

at intervals of 10 seconds. The IPTV measurement parameter and, 
in the case of the IPTV test case², an additional IPTV disturbance 
are then added and five seconds later, voice connections are 

initiated. In the measurement campaign, two voice connections are 
set up in parallel between NGN terminals. The disturbances (load) 
are not stopped until after the end of the IPTV measurement to 

ensure full utilisation of the bandwidth during the measurement. 

Only the quality benchmarks of the IPTV measurement with STB are 
incorporated as measurement parameters in the evaluation. 

Two connections will be set up in parallel for connections between 
NGN terminals. 

All quality benchmarks except HTTP Response Time are calculated 

using the same method as without parallel load. The mean value of 
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the recorded HTTP Response Times is assessed as the HTTP 

Response Time of the standardised HTTP download. The timeout of 
the mean value of the recorded HTTP Download Response Times 
increases to five seconds. 

The quality benchmarks for IPTV are identical to those in the 
scenario without load. 

 

8.2 Test Case IPTV app 

App Startup Response Time 

This measured value shows the time in milliseconds needed for the 
first communication between the app (Apple TV) and the IPTV 

headend after starting the app. 

For the purposes of this document, App Startup Response Time is 
defined as the time that elapses from the sending of the first packet 

by the app until the receipt of the first packet from the IPTV 
headend. 

App Startup Time 

This measured value shows how long, in seconds, an app takes to 

start. 

For the purposes of this document, App Startup Time is defined as 
the time from when the app is started until the first video segment 

has been completely downloaded (see green arrow in Figure 48). 

 



kyago  
Benchmarking  

White Paper 
Version 7.8  

   

  75 of 94 

Figure 48: Measurement of IPTV App Startup Time 

 

App Startup Failure Ratio 

If the defined trigger points are not detected during the test, the 

startup of the app is deemed to have failed. 

The ratio of failed app starts to the total number of initiated app 
starts is indicated by the App Startup Failure Ratio and is expressed 

as a percentage. 

Zapping Response Time 

This measured value shows the time in milliseconds needed for the 
first communication between the app (Apple TV) and the IPTV 

headend during a channel change. 

For the purposes of this document, Zapping Response Time for an 
app is defined as the time that elapses from the sending of the first 

packet by the app until the receipt of the first packet from the IPTV 
headend during a channel change. 
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Zapping Time 

This measuring value shows the time in milliseconds that is required 

for a channel change. 

The channel change is initiated by the respective channel change 
command8. For the purposes of this document, Zapping Time is 

defined as the time that elapses from the sending of the command 
to the app for a channel change until the first video segment of the 
requested channel has been completely downloaded (see green 

arrow in Figure 49). 

 

Figure 49: Measurement of IPTV Zapping Time 

 

Zapping Failure Ratio 

If the pre-defined trigger points are not detected during the test, the 
channel change is rated as failed. 

The ratio of failed channel changes to the total channel changes 

initiated is shown by the zapping failure ratio as a percentage. 

 
8 Depending on the IPTV app, the navigation commands might be “P+”, “arrow 
right” or “arrow up” 
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Fast Zapping Response Time 

This measured value shows the time in milliseconds needed for the 

first communication between the app (Apple TV) and the IPTV 
headend during a channel change. 

For the purposes of this document, Fast Zapping Response Time is 

defined as the time that elapses from the sending of the first packet 
by the app until the receipt of the first packet from the IPTV 
headend during a channel change. 

Fast Zapping Time 

This measuring value shows the time in milliseconds that is required 
for a channel change. 

The channel change is initiated by the respective channel change 
command from the Apple Remote9. For the purposes of this 
document, Zapping Time is defined as the time that elapses from 

the sending of the command for a channel change to the app until 
the first video segment of the requested channel is completely 
downloaded. 

 

Figure 50: Measurement of IPTV Fast Zapping Time 

 

 
9 Depending on the IPTV app, the navigation commands might be “P+”, “arrow 
right” or “arrow up” 
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Fast Zapping Failure Ratio 

If the pre-defined trigger points are not detected during the test, the 

channel change is rated as failed. 

The ratio of failed channel changes to the total channel changes 
initiated is shown by the fast zapping failure ratio as a percentage. 

EPG Zapping Response Time 

This measured value shows the time in milliseconds needed for the 
first communication between the app (Apple TV) and the IPTV 

headend during a channel change. 

For the purposes of this document, EPG Zapping Response Time is 
defined as the time that elapses from the sending of the first packet 

by the app to the receipt of the first packet from the IPTV headend 
during a channel change. 

EPG Zapping Time 

This measuring value shows the time in milliseconds that is required 

for a channel change. The channel change is initiated via the EPG 
menu in the app. Depending on the menu navigation of the app, the 
user begins by navigating to EPG menu10. The time interval between 

navigation commands is 500 milliseconds. 

For the purposes of this document, EPG Zapping Time is defined as 
the time that elapses from the sending of the last command for a 

channel change to the app until the first video segment of the 
requested channel is completely downloaded (see green arrow in 
Figure 51). 

 
10 Depending on the IPTV app, the navigation commands might be “P+”, “arrow 
right” or “arrow up” 
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Figure 51: Measurement of IPTV EPG Zapping Time 

 

EPG Zapping Failure Ratio 

If the pre-defined trigger points are not detected during the test, the 

channel change is rated as failed. 

The ratio of failed channel changes to the total channel changes 
initiated is shown by the EPG zapping failure ratio as a percentage. 

Bitrate Video 

Bitrate Video specifies the average bit rate of the video stream on 
the application layer. 

Video Codec 

The video codec of the image during evaluation of video quality. 

Video Level 

Video Level defines the maximum resolution and bit rate. The value 
lies between 1 and 5.2 and is incremented in steps that correspond 

to the standard. 

Video Resolution 

The resolution of the video in pixels, defined as “Picture Width” and 
“Picture Height”. 
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Video MOS  

In IPTV video MOS, the measurement unit detects IPTV streams. 

These IPTV streams are based on adaptive streaming (MPEG DASH). 
Depending on the IPTV provider, different streaming systems are 
used. Typically, the MPEG video container is used with H.264, H.265 

or HEVC/VP9 encoding and various audio codecs. 

The quality analysis takes place in accordance with the OPTICOM 
Perceptual Evaluation of Streaming Video Quality (PEVQ-S) method. 

This is based on ITU-T Rec. P.1204. 

PEVQ-S uses a non-reference (NR) approach to evaluate the stream. 
In addition to video parameters such as adaptive bit rate, resolution, 

frame rate, etc., this also evaluates the content complexity of the 
stream. The content complexity is collected depending on the Digital 
Rights Management (DRM) used. 

Furthermore, the dynamic quality aspects such as transmission and 
presentation quality are determined; this includes the initial 
buffering time and rebuffering information, among other things. 

The determined properties are used to derive a Quality of 
Experience (QoE) value as a Mean Opinion Score (MOS) of between 
1 (poor) and 5 (very good). 

The algorithm determines an MOS at intervals of four seconds (see 
Figure 52). 
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Figure 52: Measurement of IPTV Video MOS 
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9. Reporting 

We are able to provide users of the benchmarking platform with a 
communication interface that transfers the raw data and 
measurement results reports to their system landscapes. We also 

provide optional SSL-protected access to our Business Intelligence 
platform. 

Our reporting provides both access to data and intuitive information 

in one product – so that our customers can actually use the obtained 
information to make effective business decisions. A few mouse clicks 
are all it takes to analyse the accessed data: The underlying trends 

and causes are immediately visible (see Figure 53 to Figure 58). 

The intuitive user interface allows customers to download reports in 
PDF or Excel format and then process these further with standard 

tools. 

 

Figure 53: Tabular consumer benchmarking voice report 
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Figure 54: Graphical consumer benchmarking voice report 
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Figure 55: Graphical consumer benchmarking data report 
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Figure 56: Graphical consumer benchmarking web services report (web hosting)  
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Figure 57: Graphical consumer benchmarking WebTV report 
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Figure 58: Graphical IPTV benchmarking report 
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10. Monitoring and Alarm Interface 

We offer Benchmarking Platform customers an SSL-protected access 
to our Monitoring platform as an option. This is supplemented by e-
mail communication for forwarding alerts (see Figure 59 and Figure 

60). The following states of the Benchmarking Platform are 
monitored and e-mail notification is sent promptly in case of an 
error: 

• Availability of the measurement systems 

• Error rate of a connection, separately for voice, data and IPTV 

measurements 

 

Figure 59: Monitoring platform 
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Figure 60: Alerting via e-mail 
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11. Glossary 

a/b a/b interface – 
for connecting analogue end devices 

ACK Acknowledgement – 

confirmation of protocol message (e.g. in the DSS1 or 
TCP protocol) 

CDN Content Delivery Network. – 

Content Delivery Network (CDN), also known as a 
Content Distribution Network, is a network of locally 
distributed servers connected via the internet used to 

deliver content – especially large media files 
DIN Deutsche Institut für Normung e. V. (German Institute 

for Standardisation) – 

national organisation for standardisation for the Federal 
Republic of Germany 

DNS Domain Name System – 

hierarchical directory service in the Internet to manage 
the name space i.e. it responds to requests to resolve 
names into IP addresses 

DSL Digital Subscriber Line – 
digital broadband link for subscriber lines using the 
simple copper wires of the conventional telephone 

network 
DSS1 Digital Subscriber Signalling System No. 1 – 

digital signalling protocol for ISDN transmitted in a 

subchannel (D-channel) (out-of-band signalling) 
E-Com. Electronic Commerce - 

the complete electronic handling of business activities in 

a network 
EPG Electronic Program Guide – 

electronic guide for the current radio and TV programme 

ETSI European Telecommunications Standards Institute – 
not-for-profit institute for creating uniform standards 
across Europe for the area of telecommunications 

GSM Global System for Mobile Communications – 
second-generation digital mobile standard as successor 
to first-generation analogue systems 

HTTP Hypertext Transfer Protocol – 
the ISO/OSI user layer protocol used to transfer data 
across IP networks (is mainly used to load websites from 

the World Wide Web [www]) 
IAD Integrated Access Device – 

end device that provides the end user with telephony 

interfaces and internet access in the simplest form 
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ICMP Internet Control Message Protocol – 

protocol for exchanging information and error messages 
over the internet protocol 

IP Internet Protocol – 

the ISO/OSI network layer protocol used to exchange 
data across computer networks 

IPTV Internet Protocol Television – 

generic term for audio-visual services such as TV and 
video transferred over IP-based networks 

ISDN Integrated Services Digital Network – 

digital fixed-line standard for a service-integrating 
telecommunication network 

ICT Information and Communications Technology – 

collective term for technologies relating to information 
and communication 

ITU-T International Telecommunication Union 

(Telecommunication Standardization Sector) – 
special organisation of the United Nations officially 
concerned with technical aspects of telecommunications 

worldwide 
LAN Local Area Network – 

a computer network with limited expandability thereby 

making it a local network 
LTE Long Term Evolution – 

a term for the fourth-generation (4G) mobile standard 

MOS Mean Opinion Score – 
subjectively perceived quality of voice or images, 
mapped on a scale from 1 (bad) to 5 (excellent) 

PEVQ-S Perceptual Evaluation of Streaming Video Quality – 
test standard for automated evaluation of the streaming 
video quality of transmission systems 

PDF Portable Document Format – 

platform-independent file format developed by Adobe 
Systems for documents 

POLQA Perceptual Objective Listening Quality Analysis – 
test standard for automated evaluation of the voice 
video quality of transmission systems 

PING No acronym – 
computer program for checking the availability of a host 
in an IP network 

QoE Quality of Experience – 
user’s subjective satisfaction with the application he or 
she is using 

S0 ISDN Basic Rate Interface – 
interface in ISDN for connecting ISDN end devices 
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RTP Real-Time Transport Protocol – 

protocol for the continuous transmission of audio-visual 
data over IP-based networks. 

S2M ISDN primary rate multiplex access – 

ISDN interface, primarily for connecting ISDN telephone 
systems 

SIM Subscriber Identity Module – 

chip card in a mobile phone for identifying the user in 
the GSM or UMTS network 

SIP Session Initiation Protocol – 

protocol of the ISO/OSI application layer for setting up 
and controlling a communication session (is used among 
other things in IP telephony) 

SLA Service Level Agreement – 
agreement on the quality of service in a service contract 

SSL Secure Sockets Layer – 

hybrid encryption protocol of the ISO/OSI transport layer 
for secure data transfer on the internet 

SYN Synchronize – 

TCP message for setting up a TCP connection as part of 
a TCP handshake 

TCP Transmission Control Protocol – 

the ISO/OSI link-oriented, packet-switched transport 
layer used to control the transmission of data 

TLS Transport Layer Security - 

better known under its previous name “Secure Sockets 
Layer” (SSL). A hybrid encryption protocol for secure 
data transfer on the Internet. Since version 3.0, the SSL 

protocol has been developed and standardised further 
under the new name TLS, where version 1.0 of TLS 
corresponds to 3.1 of SSL 

TÜV Technischer Überwachungsverein (Technical Inspection 
Association) – 
registered association that performs technical safety 

checks on a commercial basis, in particular those 
required by national law or directives 

UMTS Universal Mobile Telecommunications System – 

third-generation digital cellular service standard, capable 
of providing significantly higher data transmission rates 
than the second generation 

URL Uniform Resource Locator – 
identifies a resource (host) and the computer network 
protocol which can be used to localise the resource (is 

often referred to as the Internet address) 
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VoD Video on Demand –  

describes the possibility of downloading digital video 
material from a provider or watching it directly via video 
streaming using a suitable software 

VoIP Voice over IP – 
voice transmission via IP-based data networks 

W3C World Wide Web Consortium – 

the World Wide Web Consortium (W3C) is the committee 
for standardising technologies on the World Wide Web. 

WebTV Web Television – 

internet TV or WebTV describes the transmission of TV 
programmes over the internet 

WAN Wide Area Network – 

an expanded computer network covering a very large 
geographical area 
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12. Legal Notice 

This white paper was drawn up by the signatory, who guarantees 
technical correctness. Please contact us if you have any questions 
about this document, its contents, structure and area of 

applicability. 

Contact person: 
 

Christoph Sudhues 
Founder and Managing Director 
 

zafaco GmbH 
Muenchener Str. 101/39 
85737 Ismaning 

Germany 
 
Tel. +49 89 820308 201 

sudhues@zafaco.de 

© zafaco GmbH  

The knowledge presented here is subject to the copyright of zafaco 

GmbH. The text of this document may therefore not be reproduced 
or processed in any form (print, photocopy or otherwise) without 
written permission. 

Despite the greatest care and diverse quality assurance 
mechanisms, errors cannot be ruled out in works of such a 
complicated nature. zafaco GmbH does not therefore assume any 

legal responsibility or liability for any inaccurate information or any 
potential damages caused by such inaccuracies. 
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