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1.
Abstract:

This contribution proposes new text for working document FG IPTV-OD-0002 [1] on IPTV QoE requirements. The contribution discusses those requirements applicable to network transport. 
2.
Quality of Experience (QoE) Overview
QoE is defined in [2] 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.
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 [3] 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 [4] 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 [5] as the collective effect of performance which determines the degree of satisfaction of a user of the service. 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.

This contribution addresses the QoE requirements and relationship to QoS parameters The main focus is the parameters measured at the transport level. First the packetization of the IPTV service is briefly presented which determines how the application packets are transported using IP and what those capabilities, e.g. packet priority, are inherited by the transport and could be used for transport performance improvement. A definition of packet delay and packet loss ratio is then presented. Specific delay and loss objectives are left for further study.

[image: image1]
Figure 1:
QoE Dimensions
3.
IPTV Service Transport Overview
3.1
Video Coding and Service Attributes
Video information is encoded at the content server or at the head end using video coding techniques such as MPEG 2, MPEG 4, or H.264 (MPEG 4 AVC). Depending on the coding scheme in use the encoded information is packaged into transport packets which are then arranged into packets using Real Time Protocol (RTP). 
An MPEG 2 transport packet is 188 byte long and contains video, audio, or other data. A transport stream packet contains at least 4 bytes used for header. Header fields include information related to synchronization, packet priority, etc. For MPEG 2 transport streams the RTP payload will contain an integral number of MPEG transport packets [6]. The common practice is to pack seven MPEG transport packets into the RTP payload. This choice ensures that the network layer protocol data unit (PDU) fits into the payload of 1500 bytes Ethernet frame. Improved delay performance may be achieved by including less than 7 MPEG transport stream at the expense of increased overhead.
One of the main features of the H.264 is the separation between the video coding layer (VCL) and the network adaptation layer (NAL). A NAL unit (NALU) is of variable size with a single byte header. The overhead information includes the NALU type, the priority of the NALU, and a bit that allows network elements to deliver NALU that is detected to include bit errors for possible use by the video decoder. The RTP payload format for H.264 video allows a simple packetization scheme that put exactly one NALU in one RTP packet [7]. In this case the priority of the RTP packet is the same as that of the NALU. The NALU priority is determined by the contribution of the current NALU for encoding other NALUs.
IPTV service will support both standard definition (SD) and high definition (HD) TV. SD TV attributes can be summarized as [8]:
SD Service attributes:
Source material
· National Television System(s) Committee (NTSC) or phase alternation by line/ Séquentiel couleur à mémoire (PAL/SECAM)

· 4:3 aspect ratio

· Source could enter the head end in analogue or digital form

Maximum Viewable Resolution

· Horizontal x Vertical: 720 pixels x 480 lines (NTSC) ITU-R BT.601-5 or 720 pixels x 750 lines (PAL/SECAM)

· Lower resolution (ex. ¾ Horizontal or ½ Horizontal- so called ½ D1) could be used to ensure encoding quality is maintained for complex materials.
Frame Rate

· 29.97 fps (NTSC) or 25 fps (PAL/SECAM)

· 23.97 / 24 fps may also be used for film-base material (with 3:2 pull down in North America for conversion to 30 fps)

· Two interlace fields per frame

Table I: Recommended Minimum Application Layer Performance for Standards Definition Broadcast Program Sources
	Video Codec Standards
	Minimum Bit Rate (video only)
	Pre-processing Enabled

	MPEG-2 Main profile at Main level (MP@ML)
	2.5 Mbps CBR
	Yes (if available)

	MPEG-4 AVC (Main Profile at level 3.0)
	1.75 Mbps CBR
	Yes (if available)

	SMPTE VC-1
	1.75 Mbps CBR
	Yes (if available)


AVC = Advanced Video Coding
CBR = Constant Bit Rate
HD Service Attributes [8]:
Source material

· ATSC , digital video broadcast (DVB), or TBD???(AsiaPac)

· 16:9 aspect ratio

· Source enters the head end in digital form

Resolution and Frame Rate:

· 720 p60 (ex. SMPTE 296M) or 720p50 (DVB)
· Horizontal x Vertical : 1280 pixels x 720 lines

· 50, 59, 94, 60 progressive scan frames per second

· 1080i60 (ex SMPTE 274 M) or 1080i50 (DVB)

· Horizontal x Vertical: 1920 pixels x 1080 lines

· 29.97 (59.94i), 30 (60i) interlaced frames per second, two fields per frame.

Table II: Recommended Minimum Application Layer Performance for Standards Definition Broadcast Program Sources
	Video Codec Standards
	Minimum Bit Rate (video only)
	Pre-processing Enabled

	MPEG-2 Main profile at Main level (MP@HL)
	15 Mbps CBR
	Yes (if available)

	MPEG-4 AVC (Main Profile at level 4)
	10 Mbps CBR
	Yes (if available)

	SMPTE VC-1
	10 Mbps CBR
	Yes (if available)


3.2
Transporting IPTV Traffic

In general four main network segments, the content server, 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 [9].
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. It is recommended that a minimum of 12 to 24 Mbps be required to offer video services to the home based on 2 SD TV channels, 1 HD channel, plus best effort internet and voice service [8].

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. 

3.3
 Transport Impairments

The 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.

3.3.1
Packet Transfer Delay

The measured 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 [10]. 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.
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Other measurements are also possible [9].
· Maximum Transfer Delay defined according to some quintile of the PTD distribution.
3.3.2
Packet Loss Ratio (PLR)
Packet loss ratio (PLR) is defined as the ratio of the number of packets lost to the number transmitted.
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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’s recommended that video service packet loss objectives are stated in terms of loss period and loss distance as defined in [11] 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).
3.4
Packet Delay and Loss Objectives
The delay and loss objectives are for further study. A possible starting point is the objectives listed in [8].
 4.
Proposal
It is proposed to accept content of clauses 2 and 3 of this contribution and place them in the working document FG IPTV–OD-0002. It is also proposed to add reference 2-10 below to the list of references in the working document. 
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