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This case study examines the importance of 
validating IPTV service quality under realistic 
Multiplay network conditions.
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Introduction
Telecommunication service providers are investing heavily in 
IPTV to complement their existing voice and data services, 
and compete with cable multiple service operators (MSOs). 
Before IPTV proliferation and Multiplay utopia is realized, 
service providers and network equipment manufacturers 
(NEMs) must first verify that IPTV services will in fact meet 
user quality expectations. Viewers have come to expect 
a predictable level of service quality with their broadcast 
and satellite TV services and will not be tolerant to service 
interruptions, picture and sound degradation or long waiting 
periods to change channels with their new IPTV service. 
With a plethora of competing IPTV and cable TV service 
offerings, subscriber churn due to poor quality of experience 
is a serious risk.

This case study identifies how IPTV service quality is 
impacted by different network characteristics to illustrate 
the importance of validating IPTV service quality using 
realistic Multiplay network conditions.

IPTV Quality of Experience (QoE)
IPTV Quality of Experience (QoE) refers to how well the 
video service satisfies users’ expectations. The IPTV quality 
experienced by subscribers must be equal to or better than 
today’s cable and satellite TV services or service providers 
run the risk of significant subscriber churn and the resulting 
loss in revenue. IPTV is the key component to service 
provider growth and has been shown to as much as double 
ARPU. With such significant financial rewards at stake, 
service providers are taking IPTV QoE very seriously.

 ‘Measuring’ IPTV QoE refers to testing the technical aspects 
that influence the subscriber’s service experience. This 
discussion is focussed on the emerging test methodologies 
and metrics for verifying IPTV QoE across the IPTV delivery 
network, as illustrated in Figure 1.

IPTV QoE test measurements
There are two fundamental areas of IPTV QoE testing:

 Channel zapping measurements
Media (audio and video) quality metrics

Channel zapping measurements measure how quickly 
subscribers can change channels, and verify that they are 
in fact receiving the correct channel. Acceptable channel 
zapping delay is generally considered to be approximately 
1 second total, end-to-end. A channel zapping time of 
100~200 ms is considered by viewers to be instantaneous. 
Multicast protocols enable channel zapping within the 
network infrastructure. IGMP (Internet Group Management 
Protocol) or MLD (Multicast Listener Discovery) leave/join 
delay has a direct impact on channel zapping delay. To keep 
overall channel zapping delay within one second, the target 
multicast leave/join delay of each network component 
needs to be within the 10-200 ms range.  

Measuring IPTV media quality is a formidable challenge since 
there are many factors that can compromise the perceived 
media quality. The number and behavior of IPTV subscribers 
and convergence of other Multiplay traffic contending for 
finite resources on the network has a significant impact on 
the timely and accurate forwarding of IPTV packets. Network 
impairments (packet loss and sequence errors, latency 
and jitter) can have various detrimental effects on visible 
video quality such as blocking, blurring, edge distortion, 
judder (choppy playback), and visual noise. Therefore, a 
complex network environment that accurately reflects the 
characteristics of Multiplay networks must be represented 
in the lab in order to sufficiently stress network equipment 
and evaluate IPTV media quality. The media quality test 
metrics themselves must be scalable, repeatable, and provide 
insight into the reasons behind performance problems (i.e., 
relevant).  

•
•

Figure 1: IPTV delivery network.
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The Media Delivery Index (MDI) is gaining widespread 
industry acceptance for testing media quality over network 
elements in a video delivery infrastructure. MDI is an industry 
standard defined in RFC 4445. MDI’s two components, the 
delay factor (DF) and the media loss rate (MLR), are based on 
concepts that translate directly into networking terms: jitter 
and loss. MDI correlates network impairments with video 
quality, which is vital for isolating problems and determining 
their root cause. A high delay factor directly indicates that 
the device/system under test has introduced jitter into 
the traffic, which can degrade video quality, and warns of 
possible impending packet loss as device buffers approach 
overflow or underflow levels. A high DF value thus points 
to congestion in the network and indicates the amount 
of buffer resources required to dejitter the received video 
and avoid poor video quality at the Set Top Box. The MLR 
measures the number of out-of-order or lost media packets 
per second. Media packet loss – represented as a non-zero 
MLR – compromises video quality and can introduce visual 
distorations or irregular, uneven video playback. The amount 
of tolerable or ‘acceptable’ media packet jitter and loss 
from a viewer’s perspective is subjective; however, a recent 
study by Agilent Technologies recommends the following 
cumulative MDI measurements throughout the delivery 
network:

Maximum acceptable DF: 9-50 ms
 Maximum acceptable average MLR (all codecs): 0.004 for 
SDTV and VOD,  and 0.0005 for HDTV

1

The maximum acceptable delay factor is a specified as a 
value range since the exact value must be tuned to the buffer 
size of the Set Top Box being used. It’s important to also note 
that the acceptable MLR also depends on the test scenario. 
The above recommended MLR values are based on a viewing 
period of several hours, which is why the value is expressed 
as an average.  For measurements taken over short viewing 
periods, the maximum acceptable total MLR is zero.

•
•

1. Andre Dufour, Agilent White Paper: Understanding the Media Delivery Index, 2006.
2. Infonetics Research, Inc., IPTV Equipment and Services Market Outlook, 2005, p. 28.
3. Franz Kozamernik, “IPTV - a different television,” July 2006; available from www.ebu.ch/en/union/diffusion_on_line/tech/tcm_6-46276.php, accessed August 3, 2006.

Network characteristics and media 
quality 

Exponential subscriber growth
It’s estimated that IPTV subscriber growth in North America 
alone will increase 12,985% between 2004 and 2009

2
. France, 

the leading European country in rolling out IPTV services, had 
281,000 subscribers registered to the three main IPTV services 
(Maligne, Free and Neuf) at the end of 2005

3
.  Digital video 

distributed via IP multicast doesn’t ensure consistent video 
quality among all the users watching the same channel. It is 
therefore difficult to ensure that each and every subscriber 
is receiving the video properly.  Since both bandwidth and 
processing resources in the IPTV delivery network are 
finite, it follows that the more subscribers requesting the 
IPTV service, the higher the threat of compromised QoE. 
It is critical that network equipment be tested under an 
increasing scale of both subscribers and IPTV channels to 
identify the point at which per-subscriber IPTV QoE reaches 
an unacceptable level (i.e., the performance limits).

Dynamic subscriber behaviors 
In a realistic Multiplay user environment, subscribers behave 
in a dynamic fashion. A household receiving Multiplay 
services from a single provider may be simultaneously 
initiating channel-change, browsing the Internet, and having 
multiple VoIP telephone conversations. When scaled across 
the subscriber base, this dynamic behavior can be very 
demanding on the control plane of IPTV network elements, 
and potentially jeopardize the quality of experience IPTV 
viewers receive.  

Converged Multiplay traffic
IPTV traffic will share network links with voice and data 
traffic from the same Multiplay subscriber or from other 
subscribers sharing an uplink from an aggregation device. 
All three services will contend for finite network bandwidth 
and equipment resources and the different traffic types 
each require a different level of service from the network. 
It is imperative to include a combination of Multiplay traffic 
within the test environment to identify how the presence 
(or interference) of other service traffic, impacts quality 
of service and the timely forwarding of high priority video 
traffic. 
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Testing under realistic Multiplay 
network conditions
Agilent Technologies performed a series of tests against 
a popular edge router (Broadband Network Gateway) to 
illustrate how the number of supported subscribers, channel 
zapping behavior and other converged service traffic impacts 
IPTV quality of experience.  The tests compare sustained 
IPTV channel zapping performance (IGMP group join/leave 
latency) and media quality metrics (MDI delay factor and 
media loss rate) when manipulating the following variables:

Number of simulated subscribers (10 vs. 100)
 Channel zapping activity (absence vs. presence). 
 Background voice and data traffic (absence vs. presence)

Test configuration
Figure 2 illustrates the equipment set-up used for the IPTV 
QoE measurements. On the service emulation side, a Gigabit 
Ethernet (GbE) port of the Agilent N2X Multiservice Test 
Solution

4
  was connected to an upstream port of the SUT to 

simulate the core network and service sources, and generate 
actual video and background voice and data (High Speed 
Internet) traffic. On the subscriber access side, a second GbE 
N2X port  was used to simulate an access node (DSLAM) 
aggregating IPTV subscribers behind the system under test 
(SUT), and make measurements on the received service 
traffic.

•
•
•

Channel Zapping Performance Tests

Agilent performed different channel zapping performance 
test variations to determine how the number of subscribers 
impacted IGMP group join latency during periods of typical 
‘random channel zapping’ behavior, as well as during ‘peak 
load’ conditions. Peak load conditions represent instances 
when all subscribers change to the same channel at the 
same time, like when viewers return to the live broadcast of 
a major event, such as the SuperBowl or Academy Awards, 
after a commercial break. 

Test 1a: Subscriber Scale and Random Channel Zapping 
10 subscribers cycling through 4 channels at a rate of 1 
channel per second
 100 subscribers cycling through 4 channels at a rate of 1 
channel per second

Test 1b: Subscriber Scale and Peak Load Channel Zapping 
10 subscribers cycling through same 4 channels at the 
exact same instant (rate of 1 channel per second)  
100 subscribers cycling through same 4 channels at the 
same instant (rate of 1 channel per second)

•

•

•

•

4. Agilent N2X web site, http://www.agilent.com/find/N2X.

Figure 2: Test Configuration.
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Channel Zapping Measurements: 
Sustained IGMP Performance
For each test variation N2X measured the maximum and 
average IGMP group join latency over a period of 1 minute 
with a measurement interval of 5 seconds, as shown in 
Figure 2 and Figure 3.

Figure 3: IGMP Group Join/Leave Latency under Random Channel Zapping 
(Test 1a) (10 vs. 100 Subscribers).

Figure 4: IGMP Group Join/Leave Latency under Peak Load Channel Zapping 
(Test 1b) (10 vs. 100 Subscribers).

Measurement Analysis: Channel 
Zapping Measurements
To keep overall channel zapping delay within one second, the 
target multicast leave/join delay of each network component 
needs to be within the 10-200 ms range. Tests 1a and 1b 
measured sustained IGMP group join delay. A comparison of 
the join delay measurements in test 1a (Figure 3), indicates 
that it takes approximately 3 times longer for subscribers 
to join a new channel when the device is supporting 
100 IPTV subscribers versus only 10 IPTV subscribers. 
The average join delay in the 10-subscriber case remains 
below the recommend 200 ms for group leave/join delay. With 
100 subscribers, however, the average join delay fluctuated 
between 200 and 400 ms, which exceeds the acceptable 
threshold for channel zapping delay. It is also important 
to note that the maximum channel zapping delay with 10 
subscribers peaked at 460 ms, indicating that at least 1 of the 
10 subscriber’s experienced unacceptable channel zapping 
delay during the 60-second test interval. The maximum join 
delay with 100 subscribers ranged from 400 ms to over 600 
ms, resulting in at least one subscriber experiencing very 
noticeable delays between channel changes.  

During peak load conditions (Test 1b), when all subscribers 
are changing to the same channel at the same time, there 
is a notable increase in the join delay experienced by the  
subscribers when compared with the basic fast channel 
zapping test case (1a). The average and join delay with 
10 subscribers was below the 200 ms threshold, however, 
under the peak load channel zapping conditions in test 1b, 
the join delay consistently exceeded 200 ms for the same 
10 subscribers. The average join delay with 100 subscribers 
averaged approximately 600 ms for the measurement interval, 
with the maximum delay reaching over 800 ms; this is four 
times the maximum recommended channel change delay. 
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Media Quality Performance Tests
Test 2a: Subscriber Scale

10 subscribers, with no channel zapping and no background 
voice or data traffic  
 100 subscribers, with no channel zapping and no 
background voice or data traffic  

Test 2b: Subscriber Scale and Random Channel Zapping  
 10 subscribers randomly cycling through 4 channels (rate 
of 1 channel per second)  
 100 subscribers randomly cycling through 4 channels 
(rate of 1 channel per second)  

Test 2c: Subscriber Scale, Random Channel Zapping plus 
Background Voice and Data Traffic

10 subscribers, random channel zapping plus background 
voice and data traffic
100 subscribers, random channel zapping plus background 
voice and data traffic

Test 2d: Subscriber Scale, Peak Load Channel Zapping plus 
background voice and data traffic

 10 subscribers cycling through same 4 channels at the 
exact same instant (rate of 1 channel per second) plus 
background voice and data traffic 
 100 subscribers cycling through same 4 channels at 
the same instant (rate of 1 channel per second)  plus 
background voice and data traffic

•

•

•

•

•

•

•

•

Media Quality Measurements:
For each test variation N2X measured the maximum MDI 
Delay Factor and Media Loss Rate over a period of 1 minute, 
with a measurement interval of 5 seconds, as shown in 
Figures 5 through 9.

.

Figure 5: MDI Delay Factor under Subscriber Scale (Test 2a)
(10 vs. 100 Subscribers).

Figure 6: MDI Delay Factor during Random Channel Zapping (Test 2b)
(10 vs. 100 Subscribers).

Figure 7: MDI Delay Factor during Random Channel Zapping (Test 2c)
and Background Voice and Data Traffic (10 vs. 100 Subscribers).
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Figure 8: MDI Delay Factor under Peak Load Channel Zapping and Background Voice 
and Data Traffic (Test 2d) (10 vs. 100 Subscribers).

Figure 9: Media Loss Rate (10 vs. 100 Subscribers, All Test Variations).

Measurement Analysis: Media Loss 
Rate

Given that the measurement interval was only 60 seconds, 
any recorded media packet loss during the brief test 
duration would not be deemed acceptable. Figure 9 shows 
that the there was no media packet loss across the 10-
subscriber pool for any of the test variations. However, 
there was minor (0.0007) packet loss recorded across the 
100-subscriber pool when channel zapping and background 
voice and data traffic was present. Although this amount 
may appear negligible, if it was consistent over time, it 
would definitely have a detrimental impact on subscribers’ 
viewing experience. The most alarming measurement is the 
amount of media packet loss that occurred across the 100-
subscriber pool when peak load channel zapping was added 
to the background voice and data traffic. MLR values across 
the sampling period range from 0.001 to 0.015. Subscribers 
experienced some amount of packet loss and, over time, 
the impact of this loss would result in significant video 
impairments and a very poor quality of experience for the 
viewers. 

Measurement Analysis: Delay Factor
To keep the cumulative Delay Factor across the IPTV 
delivery network within the acceptable 9-50 ms range, the 
amount of delay introduced by each individual network 
device must remain minimal. Measurements from Figure 
5 (Test 2a) indicate that the delay introduced by the DUT 
does not vary significantly when the number of supported 
subscribers increases from 10 to 100. The DF values across 
the sampling interval remain below 1.22 ms, which is 
considered ‘acceptable’ given the buffer would size of most 
Set Top Boxes. The performance of the device should be 
predictable under these ideal (yet unrealistic conditions), 
when no channel change requests or other Multiplay traffic 
is being processed.

Results in Figure 6 (Test 2b) show that when supporting only 
10 subscribers, the performance of the DUT appears relatively 
unaffected by random channel zapping activity. However, 
when the supported subscriber base is increased to 100, 
random channel zapping activity increases the delay factor 
from 1.22 ms to approximately 1.50 ms, with one sample 
reaching 2.37 ms.  When background voice and data traffic 
is added in Test 2c (Figure 7), the delay factor introduced by 
the DUT climbs to over 15 ms. The 15 ms of delay introduced 
by this DUT alone could result in problems when the video is 
played on lower-end Set Top Boxes with small buffers. These 
Set Top Boxes would be unable to completely dejitter the 
received video and buffer overflow or underflow could result, 
leading to poor video quality. Furthermore, if several devices 
in the IPTV delivery network introduced similar delay, the 
resulting delay factor could easily exceed the recommended 
50 ms threshold for high-end Set Top Boxes. 

Figure 8 (Test 2d) shows that the added stress put on the 
DUT during peak load channel zapping conditions results in 
even greater jitter, with the DF value ranging from 15-21 ms 
across the 100 emulated subscribers.
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Conclusion
This case study measured how IPTV QoE was impacted when 
common, yet increasingly stressful network characteristics 
were introduced into the test environment. The test 
measurements revealed that the performance of the DUT was 
predictable and acceptable in terms of the subscriber’s video 
quality of experience under ‘ideal’ network conditions and 
low number of subscribers. However, when the subscriber 
pool was scaled, and additional stress was put on the 
DUTs control and forwarding planes, video quality suffered 
significantly. The comparative video quality measurements 
illustrate that it is critical to test under realistic network 
conditions in order to identify how a device will perform 
once deployed in a live Multiplay network. The best way for 
service providers and network equipment manufacturers 
to mitigate the risk of quality-related subscriber churn is 
to ensure that their customer’s viewing experience meets 
expectations from day one.

It is critical to select the test tools and methodologies with 
the ability to test IPTV in the larger context of Multiplay 
networks to verify IPTV QoE under increasing scale, dynamic 
subscriber behavior, and amidst other voice and data services. 
Since quality can be inconsistent across the subscriber base, 
it’s important to evaluate IPTV QoE on a per-subscriber basis. 
Test equipment must be capable of not only providing these 
measurements, but also of troubleshooting the performance 
issues so the equipment and network configurations can be 
optimized accordingly.

Diligent and thorough pre-deployment testing, under realistic 
and dynamic network conditions will have a direct influence 
on IPTV subscriber satisfaction, and the ultimate success of 
new IPTV and Multiplay service offerings.
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