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ABSTRACT
This contribution is to motivate the necessity of the application layer end-to-end packet loss compensation scheme and introduce the effectiveness of the usage of an AL(Application Layer)-FEC (Forward Error Correction) code for IPTV real-time streaming applications, based on the impact of packet loss compensation on the QoE(Quality-of-Experience) and the ARPU (Average Revenue Per User) of IPTV services.  The results are derived from both subjective QoE scores from IP-STB volunteer users for an IP VoD trial service in Tokyo Metropolitan Area and objective audience records and QoS data which include end-to-end packet loss distributions over a commercial based CDN (Contents Delivery Network) and Broadband Access Networks such as ADSL and FTTH.   
Note: The information in this contribution document is based on the results of a trial service which was accomplished in a research project supported in part by NiCT (National Institute of Information and Communications Technology) through 2002 to 2004.  
1
Introduction

In order to provide an end-to-end QoS for IPTV services, some schemes for application layer reliability are effective even if a QoS managed network such as NGN is used.  This is partly because IPTV services are provided through home networks which are usually less reliable than managed networks such as NGN, and partly because QoS managed networks with mass scale and perfect QoS without any application layer reliability increase the subscription cost of the network.

AL-FEC is a typical application layer reliability scheme which is suitable for real-time streaming applications such as IP Multicast TV, IP VoD and so on, since it could be operated with constant amount of bandwidth overhead and smaller amount of the increase of the transport latency independent from the packet loss rate and RTT (Round Trip Time) compared to ARQ (Automatic Repeat Request).  

This document introduces some useful results of an IP VoD field trial service over a commercial based CDN and Broadband Access Networks to verify the effectiveness of the AL-FEC scheme, based on the impact of the packet loss compensation by AL-FEC on the QoE and the ARPU of the service. 

2
Field Trial Service Details

Table 2-1 shows an overview of the field trial service and the functions of the major system components.  Figure 2-1 shows the system configuration of the trial service.

300 sets of IP-STBs were distributed to the volunteer ADSL/FTTH subscribers in Tokyo Metropolitan Area who passed the end-to-end speed test requirement of no less than 4Mbps.   This trial service was prepared carefully for more than 8 months and provided constantly in 2 months (Dec. 8, 2003 – Jan. 31, 2004) to precisely evaluate the effectiveness of an AL-FEC scheme for the improvement of QoS and its impact on the improvement of the QoE and ARPU of IPTV (IP VoD) services over the commercially available broadband IP networks.  

Table 2-1 Overview of the field trial and the functions of system components

	Trial service period
	- 2 Month (Dec. 8, 2003 – Jan. 31, 2004)

	IP-STB monitor users
	- 300 subscribers in Tokyo Metropolitan Area

	CDN
	- A carrier Class CDN service for ADSL and FTTH subscribers which started the commercial service in 2002 

	Broadband access network
	- FTTH 52%, ADSL 48%

	Home network
	- Wired

	Contents
	- Approximately 100 titles (Movies, TV Series, Music Videos, Animation Videos, etc)

- Blind testing : 50% FEC-on / 50% FEC-off

	Media format
	- MPEG2TS (6Mbps and 3Mbps simultaneously)

	RTP payload size
	- 1024Byte

	AL-FEC Encoder/Decoder
	- Raptor (Coding Ratio = 32/37)

	Video Pump Server
	- Transmits MPEG2TS streams to the IP-STB on RTP
- Reports audience view information

	Portal Server
	- ECG (Electric Content Guide)

- Authentication 

- QoE questionnaire

	QoS Monitor Server
	- QoS and QoE data collection from IP-STB and Server

	QoS Monitor Agent in IP-STB
	- Reports QoS data (before and after the AL-FEC packet loss recovery within the play-out time) to the QoS Monitor Server
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Figure 2-1 System Configuration

The Video Pump Server sends MPEG2TS video streams in RTP payloads by on-demand basis using RTSP protocol.   AL-FEC Encoder encodes the RTP packets from the Video Pump Server with Raptor Code and forwards it to the IP-STBs.  To achieve enough audience access to evaluate the effectiveness of the AL-FEC, approximately 100 titles of the contents which include major Hollywood and Asian movies, TV drama series, music videos and animation videos are prepared for this trial service and most of the contents are provided at the contents rate of 6Mbps and 3Mbps simultaneously to provide to both FTTH and ADSL subscribers.   Users can select contents by ECG (Electric Content Guide) which is provided by the Portal Server, and enjoy them via commercial based IP broadband Network.   

To examine the interrelation between user’s subjective QoE scores and objective QoS data, a set of subjective questionnaire on ECG was provided to users on which, after the audience, users have to answer content by content or they can not take a look at the next video, and the QoS Monitor Agent was embedded into the IP-STB to monitor the end-to-end network QoS data such as packet loss rate and send it to the QoS Monitor Server after each audience.  In order to avoid boring to answer, the questionnaire comes out only when a user plays out a video for more than 3 minutes.  
Half the contents were provided with FEC-off and the other half the contents were provided with FEC-on.  To make the test free from popularity bias of contents, we selected the FEC-on/FEC-off contents in random manner.   In addition, we switched the FEC-on contents and FEC-off contents approximately once a week to make the trial fair.   This is kind a blind testing.   FEC-on/off status was not notified to the users at all.   However, since FEC-on/off status for each content was fixed within a week, then, even though it was a blind testing, users had chance to "study" which ones of the contents they watched had good quality and which ones did not.
Users select the video content and start watching it without knowing FEC on/off and reply to the QoE questionnaire (‘Good’, ‘Fair’ or ‘Poor’ for each Question) and at that time an IP-STB sends QoS data (such as packet loss counts, FEC decode failure counts, etc.) to the QoS Monitor Server.  

In addition, to monitor the Audience Count and Viewing Time per Audience to analyze the impact of AL-FEC on the ARPU, Video Pump Server provided audience log information after each audience.  In case a user stopped playing the content and started playing the same content again we counted the audience as plural.   In case a (family of the) user watched the same content in plural times we also counted the audience as plural. 
3
Results of the trial service from the QoE point of view

The CDN used in this trial service had been very well managed and we could not measure any packet loss on the first day of the trial.   The average packet loss rate measured in this 2 month period of trial service via CDN, Broadband Access Network (ADSL / FTTH) and Home Network was less than 0.1%.  This trial network did not introduce any intentional packet losses and was dimensioned very carefully, but still some packets were dropped occasionally throughout 2 months long trial service period.  The packet loss frequency seems to be depending on many factors such as the server access congestion, time slot of the day, day of the week, type and condition of broadband access network, home network condition, and so on. 

According to the collected packet loss data and the subjective scores, in case of FEC-on approximate 80% of the users who watched the contents scored ‘Good’ or ‘Fair’ even with up to 8% of  packet loss rate.  However in case of FEC-off, not only that the number of users who scored ‘Good’ or ‘Fair’ became approximate half of FEC-on, but also in case the packet loss rate exceeds 0.1% it leads to a noticeable service quality degradation and then we could not even gather the subjective score data since most of the users stop watching the contents very shortly within 3 minutes.   

Figure 3-1 shows a result of the satisfied audience for the audio video quality in this trial service.  It was observed within users who watched contents more than 3 minutes that in case of FEC-on more than twice of users are satisfied with the audio video quality compared with the case of FEC-off.
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Figure 3-1 Fraction of the satisfied audience for the audio/video quality throughout the blind testing with the streaming contents with FEC-on (50%) and FEC-off (50%)  

Table 3-1, Figure 3-2 and Figure 3-3 show the increase in audience opportunity by applying AL-FEC in this trial service.  As shown in Figure 3-2, the increase in viewing time of audience was observed in all the range of packet loss.   In case of FEC-on total audience time became 3 times or more of that for FEC-off in the most of the packet loss ranges including the range of 0 to 0.001% (1E-5).   It also means that it is not good enough to keep packet losses no more than 0.001% (1E-5) in the point of view to achieve sufficient QoE to maximize the ARPU.
In the case of FEC-on, the total audience count (audience view) was doubled and the total audience time was tripled compared with that in the case of FEC-off.  It means that users would be satisfied with improved QoE when AL-FEC is used and also service providers would be satisfied with increased ARPU by adopting appropriate AL-FEC.

Table 3-1 Increase in audience opportunity by AL-FEC adaptation in the trial service

	Item
	FEC-off
	FEC-on

	Total Audience Count
	532 times
	1,117 times

	Total Audience Time
	133 hours
	431 hours
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Figure 3-2 Distributions of total viewing time depending on packet loss rate and increase in audience opportunity by adopting the end-to-end AL-FEC scheme
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Figure 3-3 Increase in audience opportunity by adopting the end-to-end AL-FEC scheme to improve the QoS

4
Conclusions

The application layer reliability scheme evaluated in this trial service has been modified and applied to the major IPTV commercial services in Japan since 2005.
For a managed network like NGN, some quality classes of services are available based on the QoS parameters, and one of the highest service grades will keep packet losses much less than those for the CDN we have used in the field trial service, and there is no doubt that such QoS class is effective and desirable to provide high reliability for IPTV services, if the service cost is appropriate.  However as shown in the previous section, in order to provide IPTV services with QoE satisfied, some solutions for application layer reliability are also effective and desirable. Our field trial results prove that packet loss rate of more than 0.1% occasionally exists in the end-to-end IP network even with using a well managed CDN and that to maximize ARPU it is not good enough to keep packet loss rate less than 0.001% even for Standard Definition video. As High Definition contents need higher bit rates and expect higher QoE for real-time IP multicasting or IP VoD streaming services, application layer reliability schemes are more essential than those for Standard Definition contents.  In addition, as home network may include various media such as wireless LAN or PLC (Power Line Communication), packet losses at home network cannot be controlled by service providers.
We propose that WG2 of FG-IPTV includes an application layer FEC solution.
4
Summary

In this contribution, the effect of AL-FEC as an application layer reliability scheme was shown to improve the QoE of IPTV based on the results by a field trial service.

It is proposed that WG2 of FG-IPTV should discuss usage of application layer FEC, since actual deployments has already done in some commercial services and liaison standard organizations such as DVB-IPI and ATIS IIS has been discussing on the details of such solutions.  The reference to existing solutions is preferred.
______________
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