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1
Scope

This document defines user requirements (Quality of Experience, or QoE) for IPTV services. The QoE requirements are defined from an end user perspective and are agnostic to network deployment architectures and transport protocols. The QoE requirements are specified as end-to-end and information is provided on how they influence network transport and application layer factors.

2
References

The following ITU-T working text and other references contain provisions, which, through reference in this text, constitute provisions of this working text. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; users of this working text are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published.

The reference to a document within this working text does not give it, as a stand-alone document, the status of a Recommendation

 [BT.500]
ITU-R Recommendation ITU-R  BT.500-11, Methodology for the subjective assessment of the quality of television pictures. (Question ITU-R 211/11) 
[E.800] 
ITU-T Recommendation E.800 (1994), “Terms and Definitions Related to Quality of Service and Network Performance Including Dependability”

[Y.1541]
ITU-T Recommendation Y.1541(2006), “Network Performance Objectives for IP-based Services”

[RFC 3393]
IETF RFC 3393 (2002), “IP Packet Delay Variation Metric for IP Performance Metrics (IPPM)”

[RFC 3357]
IETF RFC 3357 (2002), “One-Way Loss Pattern Sample Metric”

[TR126]
DSL Forum TR-126 (2006), “Triple-play Services  Quality of Experience (QoE) Requirements”

3
Definitions

TBD

4
Abbreviations

 This working document uses the following abbreviations.

FEC
Forward Error Correction 

MOS
Mean Opinion Score 

MP
Measured Point  

PDV
Packet Delay Variation 

PHB
Per-Hop Behaviour 

PLR
Packet Loss Ratio

PTD
Packet Transfer Delay 

QoE
Quality of Experience

QoS
Quality of Service

STB
Set-Top Box 

VoD
Video on Demand
5
Conventions
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6
Introduction to QoE

QoE is defined in [1] as the overall acceptability of an application or service, as perceived subjectively by the end-user. It includes the complete end-to-end system effects (client, terminal, network, services infrastructure, etc) and may be influenced by user expectations and context. Hence the QoE is measured subjectively by the end user and may differ from one user to the other. However it is often estimated using objective measurements.

Contributing to the QoE are objective service performance measures such as information loss and delay. Those objective measures together with human components that may include emotions, linguistic background, attitude, motivation, etc [2] determine the overall acceptability of the service by the end user. Figure 1 shows factors contributing to QoE. These factors are organised as those related to quality of service and those that can be classified as human components.

QoE is often measured via carefully controlled subjective tests [BT.500] where video samples are played to viewers, who are asked to rate them on a scale. The rating assigned to each case are averaged together to yield the mean opinion score (MOS).

Quality of service (QoS) is defined in [E.800] as the collective effect of performance which determines the degree of satisfaction of a user of the service. In telecom QoS is usually a measure of performance of the network itself. QoS mechanisms include any mechanism that contributes to improvement of the overall performance of the system and hence to improving end user experience. QoS mechanisms can be implemented at different levels. For example at the network level it includes traffic management mechanisms such as buffering and scheduling employed to differentiate between traffics belong to different applications. Other QoS mechanisms at levels other than the transport include loss concealment, application forward error correction (FEC), etc.

Related to QoS are the QoS performance parameters. Similar to the QoS mechanisms QoS parameters can be defined for different layers. At the network layer those parameters usually include information loss rate and information delay and delay variations.
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Figure 6-1:
QoE Dimensions

The following text is taken from [TR126]:

In general there is a non linear relationship between the subjective QoE as measured by the MOS and various objective parameters of service performance (e.g. encoding bit rate, packet loss, delay, availability, etc.) as shown in the figure below.
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Figure 6-2 QoE relationship to QoS

Typically there will be multiple service level performance (QoS) metrics that impact overall QoE. The relation between QoE and service performance (QoS) metrics is typically derived empirically.  Having identified the QoE/QoS relationship, it can be used in two ways:

a. Given a QoS  measurement, one could predict the expected QoE for a user

b. Given a target QoE for a user, one could deduce the net required service layer performance.

To ensure that the appropriate service quality is delivered, QoE targets should be established for each service and be included early on in system design and engineering processes where they are translated into objective service level performance metrics. Quality of experience will be an important factor in the marketplace success of triple-play services and is expected to be a key differentiator with respect to competing service offerings.  Subscribers to network services do not care how service quality is achieved.  What matters to them is how well a service meets their expectations for effectiveness operability, availability, and ease of use.

7.  Transporting IPTV Traffic

In general four main network segments, the content acquisition, encoding and play out, , the core network, the access network, and home network constitute an IPTV network. 

The core network is an IP network that is usually well engineered to handle different classes of traffic. Well-engineered networks still require the ability to manage traffic belonging to different applications. Packets belong to real-time applications such as IPTV should be transmitted before those that belong to non-real-time applications such as email and file transfer. This differentiation is usually achieved by employing IP differentiated service and its related traffic conditioning and per-hop behaviour (PHB) mechanisms. The IP network may also implement a subset of the IP performance classes as those defined in [Y.1541].

The access network could be based on a range of technologies including Ethernet, WiMax, WiFi, etc. The capacity of the access network is the limiting factor for the decision on how many channels are extended to the end user. 

The home network includes a number of consumer electronic products that may be interconnected wirelessly using, for example, WiFi products or via a wired network such as an Ethernet.

7.1
 Transport Impairments

Transport impairments are usually characterised in terms of the packet delay and packet loss. This sub-clause defines these two performance parameters. Delay and loss objectives are for further study.

7.1.1
IP Packet Transfer Delay

The measured IP packet transfer delay (PTD) is defined as the elapsed time between a packet exit event at a measured point 1 (MP1), e.g. at the head end, and the corresponding packet entry event at measurement point 2 (MP2), e.g. at the set-to box (STB) for a particular end user. 

Two end-to-end delay parameters are considered:

· Packet delay variation (PDV) defined as the difference in the delays encountered by two packets of the same stream selected according to some selection function [RFC 3393]. PDV is usually measure by the worst case delay variation as measured by the difference between the maximum and the minimum transfer delay experienced, i.e.

PDV = PTD max – PTD min

Other measurements are also possible [Y.1541].

· Maximum Transfer Delay defined according to some quantile of the PTD distribution.

7.1.2
IP Packet Loss Ratio (PLR)

IP packet loss ratio (PLR) is defined as the ratio of the number of packets lost to the number transmitted.

PLR = Number of Packets lost/Number of Packets transmitted

PLR can be defined over a number of time scales. A time scale that is commonly used is over the duration of a session (e.g. a TV program). The long time scale may be useful for engineering purposes but it may not be useful to reflect video artefacts resulting from packet losses at shorter time scale. The time scales at which PLR is measured are for further study.

Packet loss impacts on video quality are related to the packet loss profile. It is recommended that video service packet loss objectives are stated in terms of loss period and loss distance as defined in [RFC 3357] One-way Loss Pattern Sample Metrics. Essentially, loss distance is a measure of the spacing between consecutive network packet loss or error events; a loss period is the duration of a loss or error event (e.g. and how many packets are lost in that duration).

8. QoE for video

9. QoE for audio

10. QoE for combined audio/video/text/graphics (e.g. lip sync, sub-titles, closed captioning, descriptive audio)

11. QoE for control functions

11.1 QoE requirements for channel switching

The IPTV architecture should provide means to minimize channel-switching times.

The IPTV architecture should provide means to support flexible channel switching times as a trade off to improve efficiency.
11.2 QoE requirements VOD trick mode

12. QoE for other IPTV services

12.1 QoE requirements for EPG

The following items should be considered as part of the definition of QoE for IPTV.

(1) User-friendliness

      EPG user interface should be designed for ease of use.

(2) Response time to display EPG page　

　　  The response time - the interval from pushing the EPG button of remote control to the display of the EPG page - should be sufficiently short.
12.2 QoE requirements for Metadata

The following points should be considered as important factors for QoE.

(1) Availability

High availability should be ensured in transmitting the metadata on network.
(2) Data size

           Metadata should be transported in such a way that the size of the transported data would be sufficiently small, relative to such factors as the number of the total services, the number of the contents, and network bandwidth.

12.3 QoE requirements for Browser

If a browser, such as those for BML or HTML, is used to provide the user an interactive content from the service provider, the following points should be taken into account.  

(1) Characteristics of a television set

The IPTV QoE requirements on browsers should take into account that the behavioral patterns and expectations of television users typically differ from those of PC users. 
Moreover the differences in the capacities of typical TVs (and STBs), on one hand, and PCs, on the other, should be taken into account.  For example, as the CPU performance of a television set is usually inferior to that of PC, the contents designed for PC-use does not necessarily work in the TV environment, making it necessary to set up QoE measures taking into account the difference in CPU performance between PC and television. It should be stressed that the browser on an IPTV may not have the same capacity as the browser on a PC has.

(2) TV-like display 


Some features of TV-like display should be considered necessary for browser QoE, for such are commonly imposed by content providers. Examples are:


- Overlay function,


- Consistency of displayed pictures across terminals. 

 (3) Character size

The character size should be sufficiently large.
(4) Navigation

The navigation function should be considered for increasing the level of convenience and operability. 

(5) Cookie

The use of Cookies should be done with care because of the possible limitation on the nonvolatile memory capacity of the terminal. The number, the size and the expiration date of cookies may need to be clearly specified.
13. QoE requirements with service billing

13.1 Service billing and its impact on end-users’ expectation for a service quality
13.1 Proposed QoE requirements with service billing for IPTV service: End-users’ Utility

14. Accessibility requirements

The intent of this section is to capture specific performance requirements for IPTV related to accessibility.

· Audio quality

· Video quality (including requirements for sign language, lip reading etc)

· Audio/video synchronisation
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