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Item 1 (Busan Meeting)

Source: FG IPTV-C-0153, ZTE, “A Proposal for performance monitoring content”
2.2 A method of network status monitoring

  The network status can be divided into three levels as UNLOADED, LOADED or (and) CONGESTED. The receiver sends receiver reports to the sender periodically. The receiver report includes such information as loss packet rate, delay and jitter, etc. By processing loss packet rate, we can estimate which level current network status belongs to. 
The method is shown in Figure 1, which includes the following steps.
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· Step 1: The sender sends multimedia data at normal rate.

· Step 2: The sender (or the reference point) receives receiver report including loss packet rate from the client (or the sampling point) periodically.
· Step 3: The sender (or the reference point) processes loss packet rate to estimate current network status.


The influence of abrupt change of network bandwidth (ACNB) should be considered. If packet loss is extraordinarily high, we thought that ACNB occurs. Two main reasons may lead to ACNB. One is transient network jitter and the other is network deterioration. ACNB from network jitter only lasts a short time, thus the reference point should ignore the impact.  Therefore, the low-pass filter is used as shown in Figure 2
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· Step 4: According to the value of  
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, we can estimate current network status.
3. Proposal

This proposal gives the catalogue of performance monitoring content and presents a method to estimate network status by loss packet rate from the point of application .We hope that they can be included in the standard document or become a part of document as reference information. 

4. References
Schulzrinne, H., Casner, S., Frederick, R., and V. Jacobson, "RTP: A Transport Protocol for Real-Time Applications", RFC 1189, GMD Fokus, Precept Software, Inc., Xerox Palo Alto Research Center, Lawrence Berkeley National Laboratory, January 1996.
_____________

Item 2 (MountainView Meeting) 

Source IPTV-C-268, UTStarcom, “Performance statistics for Content Distribution”
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Item 3 (MountainView Meeting)

Source IPTV-C-362, ZTE,  “A method of indexing multi-media packet data for multi-media quality monitoring”
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Item 4  (MountainView Meeting) 

Source IPTV-C-411, Telchemy, “IPTV QoS/QoE Metrics”
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Item 5: (MountainView Meeting)

Source IPTV-C-413, Telechemy, “Proposed QoE algorithm based on PSNR Estimation”
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Item 6  (MountainView Meeting)

Source IPTV-IL-0040, ATIS IIF,  ATIS 800004
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Item 7 (Bled, Slovenia Meeting)

Source FG IPTV-0493, Huawei Technologies, “A proposal on overlay measurement”
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Item 8 (Geneva Meeting)

Source FG IPTV-682 (Pixelmetrix) “Suggested additions to FG-IPTV-DOC-0089 “Performance monitoring for IPTV”

	Suggested additions to FG-IPTV-DOC-0089 “Performance monitoring for IPTV”
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[Editor’s Note: Only Proposal 1 from Contribution 682 to be included in the living list]

Item 9 (Geneva Meeting)

Source FG IPTV-IL-88 (ATIS IIF) – “ATIS IIF Liaison to ITU-T FG IPTV on "QoS Metrics for Linear Broadcast IPTV" (IIF-WT-014R9)”
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Tokyo Meeting

No items were added to the living list at the Tokyo meeting.

_______________

The sender receives receiver report including packet loss rate





Figure 1 Network state estimation flowchart
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Figure 2 Classification of Network State
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1. INTRODUCTION


One of the most important aspects of content distribution network is its effectiveness, i.e. how it performs better than centralized system and how different content distribution networks perform against one another. To help measure effectiveness of content distribution, a set of quantified indicators is needed.


2. INDICATORS OF CONTENT DISTRIBUTION EFFECTIVENESS


A content distribution network is effective when it

· enables system to serve more users with limited network bandwidth and computing resource

· makes system more responsive to user’s requests


Following statistics are proven to be very useful in measuring effectiveness of content distribution network, 

1) Number of requests for contents


This number indicates the amount of load. The greater the number, the higher the demand is.


2) Number of requests satisfied by pushed contents


Pushed contents are those contents that became locally present as result of push operation. The greater proportion this number accounts for among total number of requests, the more effective the content push is.

3) Number of requests satisfied by pulled contents


Pulled contents are those contents that became locally present as result of pull operation. The greater proportion this number accounts for among total number of requests, the more effective the content pull is.

4) Number of requests satisfied by pulling remote contents


Remote contents are not locally present and become locally present as result of the pulling operation triggered by the request. These are the requests that triggered pulling operation. The smaller proportion this number accounts for among total number of requests, the more effective the content push is.

5) Number of requests satisfied by locally present contents


Locally present contents include pushed contents and pulled contents. The greater proportion this number accounts for, the more effective the combination of push and pull is. 

Note: Value of 5) is sum of 2) and 3)

6) Number of requests for remote contents


The smaller proportion this number accounts for among total number of requests, the more effective the content push is.


7) Number of unsatisfied requests for remote contents


When system is overloaded request can not be satisfied regardless of whether the content is locally present or remote. Since content distribution is one of the contributors to system load, the smaller proportion this number accounts for among total number of requests, the less intrusive the overall content distribution is. 


Note: Value of 6) should be sum of 4) and 7)


8) Number of unsatisfied requests for locally present contents

When system is overloaded request can not be satisfied regardless of whether the content is locally present or remote. Since content distribution is one of the contributors to system load, the smaller proportion this number accounts for among total number of requests, the less intrusive the overall content distribution is. 

Note: Value of 1) should be sum of 4), 5), 7) and 8).

9) Number of push sessions


The ratio between 2) number of requests satisfied by pushed contents and this number indicates the effectiveness of content push. The greater the ratio, the more requests a push session satisfies therefore more effective.

10) Number of pull sessions


One request for remote content may trigger multiple pull sessions. The ratio between 3) number of requests satisfied by pulled contents and this number indicates the effectiveness of content pull. The greater the ratio, the more requests a pull session satisfies, therefore more effective.

11) Number of pushed bytes

This indicates the total push traffic generated by the content distribution network.

12) Number of pulled bytes

This indicates the total pull traffic generated by the content distribution network.

13) Number of served bytes

This number indicates the number of bytes actually consumed by users – the effective bytes. Sum of 10) and 11) indicates the number of bytes made available to users. The ratio between the effective bytes and the available bytes indicates effectiveness of content push and pull. The greater the ratio is, the more effective the content push and pull are.


3. Proposal

We propose to


· Add a sub-section “Content distribution statistics” in section of content distribution in T05-FG[1].IPTV-DOC-0048 and include the text of previous section in it.

· Add a section “Content distribution statistics” in T05-FG[1].IPTV-DOC-0039 and include the text of previous section in it.


______________
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1. Introduction


This contribution proposes a set of IPTV QoS/QoE metrics grouped into key layers – Transport Metrics, Video Stream Metrics and Perceptual Quality Metrics.


· Perceptual Quality Metrics provide high level Video and Audio Quality of Experience (QoE) scores, giving immediate visibility of the impact of a wide range of impairments on user perceived quality


· Video Stream Metrics provide essential visibility into the performance and configuration of the encoded video stream.


· Transport Metrics provide key information on performance of IP, UDP, FEC, RTP and MPEG transport protocols, which are typically the major source of transient video quality problems.


2. Perceptual Quality Metrics


These metrics provide high level QoS scores for Video, Audio and overall quality, giving visibility of the impact of a wide range of impairments. 


		Perceptual Quality Metrics



		Metric

		Description



		MOS-V

		Video MOS, a 1-5 score that considers the effect of the video codec, frame rate, packet loss distribution and GoP structure on viewing quality [1]



		MOS-A

		Audio MOS, a 1-5 score that considers the effect of the audio codec, bit rate, sample rate and packet loss on viewing quality  [1]



		MOS-AV

		Audio-Video MOS – a 1-5 score that considers the effect of picture & audio quality and audio-video synchronization on overall user experience  [1]



		Video Service Transmission Quality (VSTQ)

		Transmission quality, a 0-50 codec independent score measuring the ability of the IP network to carry reliable video  [1]



		MOS-C

		Control plane MOS, a 1-5 score that provides a measure of control interactions such as channel change on user perceived quality



		Estimated PSNR (EPSNR)

		Estimated Peak Signal to Noise Ratio (PSNR) expressed in dB.  This is an estimate of the distortion that has occurred between the source video stream and the output video stream.





3. Video Stream Metrics


The Video Stream Description provides information on the type of codec being used, Group of Pictures structure and length, image size and other key factors.


		Video Stream Description



		Metric

		Description



		Codec type

		Type of codec (e.g. MPEG4) 



		GoP type

		Group of Pictures type (e.g. IBBP…) 



		GoP length

		Number of frames in Group of Pictures



		Image size

		Image size in pixels (X x Y) 



		Frames per second

		Number of frames per second



		Scan type

		Interlaced/ Progressive scan





Video Stream Metrics provide insight into the proportion of different type of video frame that are impacted by packet loss and discard, and to the overall video bandwidth.  


		Video Stream Metrics



		Metric

		Description



		Proportion of I frames impaired

		Percentage of I frames impaired by loss/discard



		Proportion of P frames impaired

		Percentage of P frames impaired by loss/discard



		Proportion of B frames impaired

		Percentage of B frames impaired by loss/discard



		I, P, B frame packets received

		Counts of the numbers of I, P and B frame packets received



		I, P, B frame packets lost

		Counts of the numbers of I, P and B frame packets



		I, P, B frame packets discarded

		Counts of the numbers of I, P and B frame packets



		Mean bandwidth

		Average video bandwidth excluding IP overhead, FEC and retransmissions



		Peak bandwidth

		Peak video bandwidth excluding IP overhead, FEC and retransmissions





4. Transport Metrics


Packet Loss Metrics provide essential data on IP packet loss before and after the effects of error correction (such as FEC or Reliable UDP).  Burst and gap statistics provide valuable insight into the time distribution of lost and discarded packets.


		Packet Loss Metrics



		Metric

		Description



		Uncorrected Packet Loss Rate

		Percentage of IP packets lost in the network [1]



		Corrected Packet Loss Rate

		Packet loss rate after correction by Forward Error Correction or retransmission [1]



		Packet Discard Rate

		Percentage of packets discarded due to late arrival [1, 4]



		Out of Sequence Packet Rate

		Percentage of packets arriving out of sequence [1]



		Duplicate Packet Rate

		Percentage of duplicate packets 



		Burst Loss Rate

		Percentage of packets lost within (sparse) burst periods  [1,4]



		Burst Length

		Average length of (sparse) burst periods [1,4]



		Gap Loss Rate

		Percentage of packets lost within gap periods [1,4]



		Gap Length

		Average length of gaps between bursts [1,4]



		Mean Consecutive Loss Period

		Average length of consecutive loss periods [1]



		Max Consecutive Loss Period

		Maximum length of consecutive loss periods [1]





Forward Error Correction can replace lost packets however carries some overhead.  The FEC metrics provide a measure of the effectiveness of FEC if used, and provide information on optimum FEC configuration independently of whether FEC is in use or not (allowing service providers to assess whether FEC would be useful).


		FEC Metrics



		Metric

		Description



		FEC Effectiveness

		Percentage improvement in packet loss rate due to Forward Error Correction





Reliable UDP metrics provide insight into the performance of retransmission based protocols such as Reliable UDP.  These protocols improve packet loss rate but increase the variability of bandwidth.


		Reliable UDP Metrics



		Metric

		Description



		Proportion of packets retransmitted

		Percentage of packets retransmitted



		Ratio of peak to mean bandwidth

		Ratio of bandwidth peak due to retransmission to average bandwidth





Jitter and Delay metrics provide a view of the impact of deliberate packet smoothing/ rate shaping and network congestion on overall delay and delay variation. 


		Jitter and Delay Metrics



		Metric

		Description



		Smoothing jitter

		Delay variation due to deliberate smoothing of the packet flow [1]



		

		



		Jitter Measured Independently from smoothing

		



		MAPDV

		Mean Absolute Packet Delay Variation  [3]



		PPDV

		Packet to Packet Delay Variation [5]



		Positive Jitter Threshold

		Positive jitter threshold



		Positive Jitter Percentile

		Percentage of packets arriving within positive jitter threshold



		Negative Jitter Threshold

		Negative jitter threshold (defined)



		Negative Jitter Percentile

		Percentage of packets arriving within negative jitter threshold



		Round trip delay

		Round trip delay (control plane)





TR101 290 metrics provide information on certain key error types that occur with MPEG Transport protocols, and are useful in identifying and resulting these error conditions.


		TR 101 290 MPEG Metrics [2]



		Metric

		Description



		PCR Jitter

		PCR jitter level



		TS_sync_loss

		Loss of synchronization at MPEG transport layer



		Sync_byte_error

		Invalid MPEG transport sync byte



		Continuity_count_error

		Incorrect packet order, duplicate packet or lost packet



		Transport_error

		Transport error indicator in MPEG transport header set



		PCR_error

		Discontinuity in program clock reference (PCR)



		PCR_repetition_error

		Time interval between two successive PCR values more than 40ms



		PCR_discontinuity_indicator_error

		Difference between two consecutive PCR values is over 100ms without discontinuity bit set



		PTS_error

		Interval between presentation time stamps more than 700ms





5. Summary


This contribution proposes a set of QoS/QoE Metrics for IPTV applications.  These metrics can in general be measured at both the IPTV endpoint and midpoints. 


References


[1] IETF draft-ietf-avt-rtcpxr-video-00.txt “RTCP XR Video Metrics”

[2] ETSI TR. 101290. “Measurement guidelines for DVB systems”


[3] ITU-T G.1020 “Performance parameter definitions for the quality of speech and other voiceband applications utilizing IP networks”


[4] IETF RFC3611 RTCP Extended Reports


[5] IETF RFC3550 Real-time Transport Protocol
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Introduction


The approach to QoE estimation proposed in this document is based on the estimation of PSNR (Peak Signal to Noise Ratio).    PSNR is defined as


PSNR = 10 log10( m2 / MSE ) 


where m is the pixel range and MSE is the mean squared error across both spatial and temporal dimensions


The concept is fairly straightforward and logical, and has been followed previously within the published literature.   PSNR relates closely to perceptual quality, can be estimated fairly readily with knowledge of the codec parameters and packet loss rate and is easily measured using full reference analysis.


There are other objective measurement approaches, such as those described in ITU Recommendation J.144, however those that correlate more closely with subjective quality are full reference models that are impractical in an in-service application.  Many of these models use PSNR as a basis or as one of their input parameters.


MPEG stream structure


A typical MPEG-2/4 Group of Pictures has the general structure:


[ I B B P B B P B B P B B P B B ] [ I…. ]


transmitted in the order


[ I P B B P B B P B B …]


Each I frame is encoded independently, B and P frames are differentially encoded based on the previous I or P frame.  For the above example, with a GOP size of 15 frames, each GOP independently represents approximately 500 milliseconds of video.


I frames typically take 40 percent of the bandwidth with the remaining 60 percent being divided amongst the P and B frames.  This means that an I frame takes approximately ten times the number of Transport Units (RTP or MPEG) or IP packets than a B or P frame.


Impact of lost packets


MPEG encoders are based on an 8 x 8 (or 16 x 16) pixel block structure.  With typical compression ratios a 1500 byte IP packet can carry approximately 90 blocks, and hence if an IP packet is lost then a rectangular strip approximately 90 x 8 pixels wide and 8 pixels high will be impacted.  A “slice” structure is also commonly used, which may extend the effects of a lost packet to the edge of the frame.


The proportion of the image impacted by a single lost packet will be the ratio of the number of pixels carried within a packet (more if a slice is impacted) and the number of pixels in a frame. Assuming that spatial or temporal interpolation is not performed then the difference in value between each pixel in the impaired region and the original pixel value will be a random value with a maximum range equivalent to +/- the range of pixel values.  With the further assumption that the range of pixel values tends to be centrally biased, the typical range of errors will be +/- half the range of pixel values.


The Mean Squared Error (MSE) for an image is the sum of the squared errors between individual pixel impaired values and their original values.  With the assumption above, the MSE would be:


Approximate MSE = ( Nu * 0 + Ni (0.5*R)^2 ) / (Nu + Ni)


For a normalized pixel range of 1 this would give an estimated MSE of Ni  0.25 / (Nu + Ni)


In the case of video sequences, the MSE is averaged over the frames within the sequence.


The PSNR for an image is given by:


PSNR = 10 log10( m2 / MSE ) where m is the pixel range


For a normalized pixel range, the PSNR is therefore 10 log10( 1 / MSE )


For an image of typical broadcast resolution, the proportion of the image represented by a single IP packet is small and hence it is reasonable to assume that the proportion of pixels impacted is proportional to packet loss rate p.  



Average Ni = N p    or    p = Ni  / (Nu + Ni)



Approximate MSEPL = 0.25 p



Approximate PSNR 
= 10 log10( 1 / MSE ) = 10 log10( 4 / p )


In practice, it is necessary to incorporate the error extension effects due to the use of interpolated frames.


Consider the following frame sequence I B1 B1 P1 B2 B2 P2…



Proportion of I frame impacted = Q0 =  Ni  / (Nu + Ni) = p



Proportion of B1 or P1 frame impacted = Q1 =  Q0 + (1 - Q0 ) Ni  / (Nu + Ni)


B and P frames only contain a proportion (X/N) of the macroblocks, essentially those that represent changes from the earlier I or P frame.  Hence, more precisely



Proportion of B1 or P1 frame impacted = Q1 =  Q0 + (1 - Q0 ) p X1  / N


Subsequent B and P frames may be derived from an impaired P frame and hence:



Proportion of B2 or P2 frame impacted = Q2 =  Q1 + (1 - Q1 ) p X2  / N


Hence the overall expression for the MSE within a GOP is:



MSE = Average(0.25 Q0 + 0.25 F1 Q1 + 0.25 F2 Q2…..) 


where Fi indicates the number of frames at a given interpolation level.


Impact of bit rate and frame size


The bit rate is affected by image size, frame rate and quantization level.


For typical MPEG 4 or H.264 encoders with standard resolution of approximately 704x480 and a GOP size of 15, the MSE due to bit rate (quantization level) can be approximated by:


MSEBR = Z0 + Z1/ (B + B2/Z2)


where the bit rate B is given in kilobits per second


The bit rate can be adjusted to an effective bit rate by multiplying by the ratio of the number of pixels in a standard resolution frame NSDTV to the number of pixels in the frame size being used NACT.  The bit rate will also depend on the proportion of I to P/B frames and frame rate.  An I frame is typically ten times the size of a B or P frame.  The bandwidth for an MPEG stream consisting of only I frames would therefore be approximately six times as large as an MPEG stream with a typical structure.


Audio-Video Sync


The sound channel should not lead the video channel by more than 15 milliseconds or lag by more than 45 milliseconds per ATSC IS191, as people are more sensitive to lagging audio than leading audio.   The chart below shows an approximate model for the impact of audio-video sync on perceptual quality - this should be replaced when additional subjective test data is available. 
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Video Quality Model


Transmission quality VSTQ


The video transmission quality factor - VSTQ - is a codec independent parameter based only on the impact of packet loss on a “nominal” codec


MSEPL = Average(0.25 Q0 + 0.25 F1 Q1 + 0.25 F2 Q2…..)


Q0 =  Ni  / (Nu + Ni)


Qi =  Qi-1 + (1 - Qi-1 ) p Xi  / N


PSNRPL = 10 log10( 1 / MSEPL )


VSTQ = min( 0 , max( (PSNRPL - 18) * 2.2) ) )


Picture quality VSPQ


The picture quality factor - VSPQ - is a codec dependant parameter that incorporates the actual (or estimated) codec performance, frame size, bit rate, frame rate and GOP structure.


MSEPL = Average(0.25 Q0 + 0.25 F1 Q1 + 0.25 F2 Q2…..)


Q0 =  Ni  / (Nu + Ni)


Qi =  Qi-1 + (1 - Qi-1 ) p Xi  / N


PSNR = 10 log10( 1 / (MSEPL + MSEBR) )


VSTQ = min( 0 , max( (PSNR - 18) * 2.2) ) )


Video MOS = 1 + VSTQ * 0.08 + VSTQ * (50 - VSTQ) ( VSTQ - 30) * 0.000056


Audio quality VSAQ


The audio quality factor is calculated using the wideband E Model - RWB

VSAQ = RWB / 2.4


Audio Video Sync Quality VSSQ


An approximate method of estimating VSSQ based on Audio-Video Delay (AVD) is explained below.  Note that a positive AVD indicates audio is leading video.



VSSQ = 
max( 0, 50 - (-50 - AVD) / 5)  
AVD < -50






50



-50 <= AVD <= +20






max( 0, 50 - ( AVD - 20) / 2) 
AVD > +20


Multimedia quality VSMQ


The estimated multimedia quality is determined from the individual components using a Euclidean sum


VSMQ = sqrt( VSPQ2 + VSAQ2 + VSSQ2)


Multimedia MOS = 1 + VSMQ * 0.08 + VSMQ * (50 - VSMQ) ( VSMQ - 30) * 0.00005


Summary


This contribution proposed a simple computational model for calculating a range of video performance factors.  It is proposed that this model be considered as a starting point in determining a practical means of in service estimation of IPTV system performance.  The model is at this stage incomplete and in need of refinement however it does provide a logical framework on which to build.  The process of comparing this model to both objective and subjective test data is ongoing, and this may result in suggested updates to the model
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ATIS STANDARD ATIS-0800004

ATIS Standard on

A Framework for QoS Metrics and Measurements
Supporting IPTV Services

1 INTRODUCTION

1.1 Overview/background

This document provides an initial industry consensus view of scope, definitions, and tools to
support the creation of IPTV Quality of Service (QoS) metrics and measurements within ATIS IIF.

Chapter 2 provides a conceptual framework, including definitions of Quality of Experience (QoE),
scope of the ATIS IIF Quality of Service Metrics (QoSM) Task Force (TF), types of metrics and
measurements, and some examples. Chapter 3 provides a QoS metric measurement model, a
discussion on protocol stack views, and use cases, which can be used for the creation of metrics and
measurements.

Appendix A describes standards work that is relevant for IPTV metrics and measurements.
Appendix B provides background information on Quality of Service in the industry. Appendix C
provides a summarized view of the activities in DSL Forum WT-126. Appendix D describes video
quality impairments. Appendix E describes perceptual video quality. Appendix F includes an
informative example of two IPTV setrvices, /Jnear/ broadeast TV and 170D, analyzed using concepts
introduced in this framework WT.

1.2 Goal

The Framework document will serve as a basis for definitions of Quality of Service (QoS)/Quality
of Experience (QoE) related to different segments of the network, different service instances or
invocations, network architectures/technologies utilized, and modes of service. In that regard, the
Framework document will provide a basic overview and concepts related to:

Measurement model and measurement points.
Quality layers, protocol stack view, and use cases.
Metrics -- types, characteristics, definitions.

QoS/QoE Model.

Measurement practices and methodologies.

* & & & o o

Time and Frequency synchronization requirements for ensuring QoS/QoE and enabling
metrics measurement.

The goal of the Framework document is to provide concepts and definitions that will be agnostic to
architecture, network topology, network technology, systems, devices, and business model
variations. However, the concepts and definitions described could be adapted to any of these
variations in an effective manner and for a universal definition of QoE/QoS experienced by the end
user. Itis also the intent of the Framework document to utilize available definitions and content
from other standards bodies as applicable.
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1.3 Purpose

The Framework document provides concepts, models, and definitions that are used as the
foundation content for further definitions and desctiptions of IPTV QoS/QoE metrics, models,
tools, and techniques for measurements of QoS/QoE for IPTV setvices.

The Framework document also relies on models, definitions, and service descriptions documented
in the ATIS-0800002, IIF Architecture Requirements document, and ATIS-0800001, IIF Digital Rights
Management (DRM) Requirements document.

1.4 Scope

The scope of the framework is to set out a common conceptual framework and definitions that can
be applied to all network types, service types, and service instances as defined in other IIF
documents.

IPTV services are defined in ATIS-0800002 as follows:

IPTV is defined as a managed service providing the secure and reliable delivery to customers of
entertainment video and related services.

This document specifies the general QoS framework upon which the definition of quality metrics
and measurement methods are based. This is accomplished by use of a Measurement Model and a
multi-layer measurement concept describing the IPTV service delivery framework from a logical
perspective. This document identifies reference points and defines metric concepts that may be
used to measure the quality of the video applications and other aspects of service delivery.

The framework document also recognizes that multiple service providers may be involved in the
service delivery and interprovider or interdomain in QoS measurement will be considered within the
scope. The model used for this working text applies to the end-to-end IPTV service and network
delivery chain including content provider, service provider, network provider, and customer
domains. The four communicating domains as described in the ATIS 0800002, IPTV" Architecture
Reguirements, are shown in the following figure:

Content Provider Service Provider Network Provider

Figure 1: IPTV Logical Domains!

Specific measurement points may be specified within and at the boundary of each of these domains.
Metrics may also describe the performance of any layer of the protocol stack that affect the end-to-
end video application performance.

VIPTV Architecture Requirements, ATIS 0800002, Figure 2
2
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1.5 Interoperabillity

Interoperability reduces the complexity of service design and enables a service provider to deliver a
universal service regardless of the infrastructure utilized. The interoperability sphere is bounded by
the consideration that all elements requiring interoperability with each other must support IPTV
service as defined in ATIS-0800002, and is defined within the framework of the QoSM TF to have
the following three characteristics: consistency, data collection, and reportability.

1.5.1 Consistency

Interoperability in the context of the QoSM TF is focused upon consistency of measurement -- i.e.,
the measurement of a given metric will yield consistent results regardless of the type of measurement
instrumentation chosen. Further, the measurement of a given metric across multiple domains and
service provider networks must be consistent in terms of metric definition, measurement
methodology, and accuracy. A metric's definition should be consistent throughout. Furthermore,
when comparing metric data over a time period or across different measurement points, the same
measurement methodology must be used for measurement. The accuracy of a particular
measurement must meet the minimum guidelines defined in the Working Texts (WT), including
such definitions to be compliant.

1.5.2 Data collection

The measurement point and the system involved must support the instrumentation required to
perform the measurement of a metric. Such instrumentation may support communication
messages/measurement commands that may be sent from a different equipment to initiate and
report data collection.

1.5.3 Reportability

Reportability of metrics data collected must be supported by the measurement equipment,
measurement points, tools, and mechanisms. Metrics defined at various test points must be
reportable -- i.e., the instrumentation must support the communication of the data collected to
another system that may process it further. The format of such collected data is not within the scope
of the QoSM TF.

1.5.4 Interoperability and Other Standards

A principal method for formulation of definitions and specifications by the QoSM TF is to rely on
accepted standards or emerging standards from other standards bodies. This is intended to ensure
that there is consistency, and reduces the complexity of delivering IPTV services. Interoperability as
it may apply to the QoSM TF will be defined with the help of such generally accepted or developing
standards.

In the definition of all aspects of QoS/E metrics, special attention/emphasis will be placed on
ensuring that the QoS/QoE characterizations are universal and applicable across a diverse set of
implementations that may be employed to provide the same function. Also, any metrics,
mechanisms, models, tools, and methodologies that are specified operate consistently across the
network.
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1.6.1

Terminology

Glossary
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Active Measurements

Active measurements use dedicated test traffic, to collect performance info that is
representative of customer's traffic. They are usually taken at two or more reference points.
Active measurements use dedicated test "signals" and may use either test stimuli or
synthetic traffic

Passive Measurements

Passive measurements always use live customer traffic, and fall into two categories: single-
>
point passive measurements and two-point passive measurements

Single-point Passive Measurements

Measurements collected from network elements, such as link utilization or packet discards.

Two-point Passive Measurements

Measurements that match data at two points such as packets observed at two different
points in the network. Data collected similar to active measurements, but using live traffic
instead of injecting test signals.

Use Case

A use case is an external view of a system that represents an action or sequence of actions
the user might perform in order to complete a task.

Measurement Instrumentation

Measurement instrumentation tefers to the ability of a device to support appropriate
measurements. This device or equipment may be a dedicated measurement system or a
device or equipment that is involved in the end-to-end IPTV service delivery, such as an
Interactive Terminal Function (ITF).

Quality of Experience (QoE)

Describe the user’s experience. QoE can be broadly grouped: i.e., picture QoE, transaction
QoE, audio QoE, and multimedia QoE. QoE may be calculated or estimated numerically
using sets of QoE indicators and/or QoS metrics.

Quality of Experience (QoE)
Indicators

Individual performance indicators that can be experienced by a user. Include video
indicators such as picture error blocks, transaction indicators such as channel change delay,
audio indicators, and multimedia indicators.

Quality of Service (QoS) Metrics

Measures of technical performance. Includes network QoS metrics, such as packet loss,
and application QoS metrics, such as VoD server errors.

1.6.2 Acronyms

ACS Auto-Configuration Server

CPE Customer Premise Equipment

DNG Delivery Network Gateway

DRM Digital Rights Management

DSL Digital Subscriber Line

DVB Digital Video Broadcasting (Project)
FEC Forward Error Control

HNED | Home Network End Device

IETF Internet Engineering Task Force
1IGMP Internet Group Management Protocol
IIF IPTV Interoperability Forum

IPG Interactive Program Guide

IPPM IETF — IP Performance Metrics — Working Group
IPTV Internet Protocol Tele-Vision

ITF Interactive Terminal Function

ITU-T International Telecommunication Union — Telecommunication Standardization Sector
KBPS kilobits per second

MPEG | Motion Picture Experts Group

OSI Open Systems Interconnect

PIP Picture In Picture
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PON Passive Optical Networks
PPV Pay Per View

PQoS Payload Quality of Service
PSD Power Spectral Density

QoE Quality of Experience

QoS Quality of Service

QoSM Quality of Service Metrics
RPC Remote Procedure Call

RTCP Real-Time Control Protocol
RTP Real-Time Protocol

RTSP Real-Time Streaming Protocol
SA Setvice Assurance

SLA Service Level Agreement
SNMP Simple Network Management Protocol
SP Setvice Provider

STB Set Top Box

VHE Video Head End

VHO Video Hub Office

VQEG | Video Quality Experts Group
VSO Video Serving Office

VOD Video On Demand

UDP User Datagram Protocol
XML eXtended Markup Language
1.7 References

1.71 Normative References

The following standards contain provisions that, through reference in this text, constitute provisions
of this report. At the time of publication, the editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this standard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below.

1.7.1.1 ATIS:

T1.801.02-1996, Digital Transport of 1ideo Teleconferencing/ V'ideo Telephony Signals — Performance
Terms, Definitions and Examples.

ATIS-0800002, IPTV Architecture Requirements, ATIS-1IF, May 16, 2000.

ATIS Next Generation Network (INGN) Framework Part I: NGIN Definitions, Requirements, and
Architecture, Issue 1.0.

ATIS Next Generation Network (NGN) Framework Part I1: NGN Roadmap 2005.
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ATIS Next Generation Network (NGN) Framework, Part II: Standards Gap Analysis, May
2006.

ITU:

ITU-T Recommendation G.997.1, Series G: Transmission Systems and Media, Digital Systems and
Networks, Physical Layer Management for Digital Subscriber Line (DSL) Transceivers, May 2005.

ITU-T Recommendation G.1010, Series G: Transmission Systems And Media, Digital Systems
And Networks, Quality Of Service And Performance, End-User Multimedia QoS Categories, May 2005.

ITU-T Recommendation J.241, Series J: Cable Networks And Transmission Of Television, Sound
Program And Other Multimedia Signal,, Measurement Of The Quality Of Service, Quality Of Service
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ETSI TR 101 290 v1.2.1, Digital Video Broadeast (DV'B); Measurement Guidelines for D1'B
Systems.

1.7.1.4 DSL Forum:

[18]  DSL Forum TR-069, CPE W.AN Management Protocol, May 2004.

[19]  DSL Forum WT-126, Triple-play Service Quality of Experience (QoE) Requirements, version 0.7,
May 2, 20006.

1.7.1.5 IETF:

[20]  IETF IPPM WG A. Morton and S. Van den Berghe, Framework for Metric Composition, internet
draft: draft-ietf-ippm-framework-compagg-01, June 24, 2006.

(21]  IETF RFC 2679G. Almes, et al., A One-way Delay Metric for IPPM, September 1999.
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1.7.1.6 Other:

(23]  B. Yu, et al, Neswork Tomography: Recent Developments, University of California, Berkeley,
March 7, 2003.

2 IPTV QOS ScopPe

2.1  Assumptions

This document and its structure are based on certain assumptions outlined below.

Assumption 1: It is assumed that payload analysis will generally not be possible in the

network because the video content or payload in the typical distribution
network is encrypted. Payload analysis requires measurement instruments to
be both media aware, as well as capable of decrypting the flow for analysis.
In general, it is the expectation that such capability will not be available in the
network. Thus, payload analysis will not be possible in most of the reference
points in the measurement model after the first server (Acquisition server)
where encryption first takes place. Reference point 8, on Figures 9 and 10,
after the decoder would be the first place where analysis of an un-encrypted
flow could take place. This would typically be within the I'TF and would
require such capability in the I'TF. For the purpose of defining QoE, it is
assumed that eventually such capability will be available in the ITF.

Assumption 2: Content quality is monitored and controlled in the Head End (HE) for

broadcast video and the original source input for Video on Demand (VoD)
media data. The QoSM TF focuses on those metrics, which deal with the
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impacts or potential impacts of the distribution network on content quality
delivered to the user. Since in many cases payload analysis will not be
possible in the network, the potential impact of the network on content
quality may be an indirect derivation based on metrics that can be measured
in the network. Network measurements will help: 1) determine events that
would impact the user QoE; and 2) sectionalize the source of the problem
for proper resolution.

Assumption 3: While it is instructive to analyze physical layer performance at any test point
to understand the health of the network, this analysis is not generally within
the scope of the framework WT. However, there are certain test points, like
point E, where the performance of the access network at the physical layer --
such as a DSL link -- can be easily seen, and can be a weak point. In these
cases, references may be made to physical layer issues in order to point to the
source of potential problems. However, the focus for QoS metrics is on the
four quality layers outlined herein.

2.2 QoS Measurement Applications

IPTV service providers require mechanisms to assess the performance of a consumer’s service
before they role out the service and during the operation. Service providers must be able to provide
a consistent and expected level of performance. The quality of the IPTV service depends upon
appropriate metrics from the beginning to compete successfully with other types of service delivery
systems. Metrics measurement is an integral part of a business process commonly referred to as
Service Assurance (SA). Some of the responsibilities of SA include:

¢ Proactive and reactive maintenance to ensure that services provided to customers are
continuously available and performing to Service Level Agreements (SLA), if applicable, or
QoS performance levels.

¢ Continuous resource status and performance monitoring to proactively detect possible
failures.

Collection of performance data.

Analysis of performance data to identify potential problems and resolve them without
impact to the customer.

¢ If applicable, manages SLLAs and reports service performance to the customer.

Receive trouble reports from the customer, informs the customer of the trouble status, and
ensures restoration and repair, as well as ensuring a satisfied customer.

In other words, SA supports the following applications:
¢ Network planning and engineering;
¢ Service installation and provisioning; and

¢ Management of the customet’s service by supporting fault and accounting management
processes.

The QoSM TF will study these performance management areas in relation to ATIS IIF IPTV
services and design metrics and measurements -- as found appropriate -- supporting these
management areas.
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Metrics Definition and Taxonomy

A metric s a measurement of one or more parameters of a model that represents some aspect of the
performance of a service. The following describes the key elements of a metric definition and a
taxonomy of various metric types under consideration.

The task of performance metric specification in the QoSM TF includes:

o=

A definition of a metric and what it measures, and what it is used for;
The scenarios ot the context that is relevant to measurement;
Methods of Measurement; and

The desired value or range (e.g., numerical objectives).

The table below describes what a typical metric definition may look like (not all elements may be

applicable):

Element

Description

Metric Definition

Name and description and unit of measurement.

Metric Justification

Description of what is measured and the practical utility or usefulness.

Scope

The scope can be spatial (between network segments) and/or Temporal applying to time periods and/or
equipment/device. The scope also includes points in the network and service levels.

Composition Function

Composition function defines the basis for aggregation and detivation from a combination of direct metrics.

Cutrent Thresholds Current range of values considered normal for the metric.
Target Value Best possible value of the mettic.
Measurement 5 .
How often is the measurement taken (wherever applicable).
Frequency
Measurement . . . . .
Procedur. How is the metric measured (wherever applicable) e.g., active versus passive methods.
ocedure

Conditions of False
Positive

Examples of how incorrect measurement or interpretation could lead to errors.

Assumptions about the
parameter

For example, what assumptions are made about the statistical distribution of a given parameter.

Table 1: Metric Definition

The metrics that are used to define or measure QoS or QoE can be of the following types:

231

Objective Metrics

A metric is objective if its measurement depends only on the object or parameter being measured, e.g.,

packet loss.

2.3.2 Subjective Metrics

A metric is subjective when the measurement not only relies on the object or parameter being
measured but also includes the end user viewpoint or perception of the resulting measurement. e.g.,
impact of packet loss on user perception of video quality.
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2.3.3 Direct Metrics

A metric is considered direct if its value is derived from a measurement of a parameter.

2.34 Derived Metrics

A metric is derived when its value is inferred from measurement of other metric(s).

2.3.5 Unicast and Multiparty Metrics

A Unicast metric is a metric that is associated with a unicast service measured between a single Source
(Src) and a single Destination (Dst). A Unicast metric may be a direct measurement between the
source and the destination or an aggregation of measurements taken at multiple points in the path.

Src H1 H2 Dst
< >

End-to-end Metric Mx

Figure 2: End-to-End Measurement Between Source and Destination

Between the Source and Destination, there may be multiple non-destination measurement points
designated by hops; H1, H2. An example of a hop could be an inter-provider network interface.

Src H1 H2 Dst
Gl Gl Gl

Metric Ma1 Metric Ma, Metric Mas

Figure 3: One or More Non-Dst Measurement Points Along the Path

Multi-party metrics involve a single source packet and multiple “points of interest.” Multi-party
metrics are of particular interest for the broadcast mode of IPTV as the same video flow is delivered
to multiple end-points. While the network route and number or types of network segments may vary
for destination points, the end-to-end metric has a universal value. This is particularly useful when
the last mile segments may have different bandwidths and different properties (e.g., fiber versus
Digital Subscriber Line - DSL).

Src H1 H2

<—>4<:<—> Dstl
Dst2

H3
Dst3
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Figure 4: Multiple Destination Measurement Points

Some examples of Multi-party metrics that may be useful for IPTV multicast flows are:

¢ Delay range across Destinations;
¢ Variation among Delay means at Destinations; and
¢ Loss ratio over all Destinations.

2.3.6 Composed or Composite Metrics

A composed metric is a metric that is derived from two or more primary metrics. The derivation may be
simple aggregation in time or space or a combination of these to form some additional metric. An
example of spatial aggregation to derive an end-to-end metric M, is shown below.

Src H1 H2 Dst
— — —

Metric Mp; + Metric Mps + Metric Masz = Mae-te

Figure 5: Derivation of An End-To-End (E-T-E) Metric Through Spatial Aggregation

Of course, metric M,, when measured between the source and the destination is a direct metric as
shown in Figure 5. In this example, aggregation of metrics is useful when direct measurement
between a source and destination is not feasible, as in multicast flows (multiple destinations) or
when the flow crosses the domains of multiple service providers. The Internet Engineering Task
Force (IETF) IP Performance Metrics IPPM) Working Group and I'TU-T have conducted some
studies in this area.

The scope of composed metrics should be limited to the definitions of metrics that are composed
from primary metrics using a defined relationship. Key information about each metric, such as its
assumptions under which the relationship holds, and possible soutces of error/circumstances where
the composition may fail, will need to be defined.

Composed metrics are particularly useful in indicating the overall performance with regard to an
end-to-end service delivery. Composed metrics are also a useful tool in building measurement or
planning models. These can also provide useful information for trend analysis or for ensuring Inter-
domain QoS or SLAs between different service providers.

2.3.7 One-way Metrics

IPTV QoS/QoE places particular emphasis on measurements that deal with flows which occur in
one direction. For example, in the broadcast video scenario, the media content flows from a Head
End across a distribution network to an end point (Interactive Terminal Function — I'TF, for
example) -- where it is consumed. A one-way measurement is defined as a measurement between a set of
points associated with the one-way flow or at any single point in any given direction. If the
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measurement is between two points and has a temporal aspect, then the clocks in the measurement
devices at the two measurement points need to be synchronized.

This distinction is drawn for a number of reasons. A conventional practice is to derive the metric in
any given direction from an average of the round trip measurements. This practice is valid only if the
application is symmetric in both directions and there are no path asymmetries. Such is not the case
in many flows associated with IPTV service.

2.3.8 Two-way Metrics

Two-way metrics are useful in the context of IPTV service for measurements related to the completion
of a round trip event where a flow may be initiated in one direction which results in a flow in the
opposite direction as a response. These flows may not necessarily be symmetric, e.g., the initiation of
a channel change request from an end-user represents a signaling flow, and the presentation of video at
the end user terminal in response to the signaling flow is a wedia flow. The two - way metric may or
may not have a temporal aspect. For example, a channel change latency measurement may include a
signaling protocol event series followed by an associated response event, triggering a video flow
towards the consumer. In this case, Internet Group Management Protocol IGMP) Latency is the
elapsed time between the sequence from IGMP Join message transmit to the receipt of (end of the
first packet) the first video packet of the desired channel content. An example of a metric that may
not have a temporal component is a metric related to the arrival of a DRM certificate at the
initiation of a DRM request.

Temporal in this context means time relative to two or more events which may or may not have a
time component in themselves. For example, inter-packet arrival variation at a given test point,
usually referred to as jitter, is based upon a time metric, like packet arrival events over a second.
However, the distribution of those one second jitter events spread over longer time intervals is the
temporal element. The temporal component is analyzing like events, however they may be
measured, over time. This might become very important where the distribution of the individual
events is also critical. This may be especially true when mapping objective QoS metrics to QoE
subjective items. For example, packet loss events that are clumped together with no similar events
occurring for an extended time period is subjectively viewed as better than the same number of
events spread across the same extended time period.

2.4 QoS and QoE

Quality of Experience (QoE) and Quality of Service (QoS) terminology is often used interchangeably but
are actually two separate concepts. Various standards bodies (e.g., ITU-T, ETSI TISPAN, ISO, and
DSL Forum) are involved in defining QoE and its relation to QoS. Appendix B provides more
background information.

Based on the discussion in Appendix B, the QoSM TF adopts the terms Network QoS, Application
QoS and QoE. In addition, in order to provide QoE analysis, the QoSM TT proposes a QoE
model. This is described in the following sections.

241 IIF QoSM TF Quality of Experience

Quality of Experience (QoE) is the term describing users’ subjective perception of a system, application,
event, or service relative to their expectations. QoE measurement involves human analysis.
However where human analysis is not possible one can estimate Qo using metrics which capture
and quantify objective characteristics of a service or application that affect human perception. This
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type of QoE estimation can be subsequently translated into target requirements for the given
setvice/application.

2.4.2 Factors Impacting QoS and QoE

QoE encompasses many factors and the research on the topic is in its infancy. The QoSM TF
adopts a sub-set of forces affecting the user experience.

A provider determines the QoS by managing resources and factors in its control. Regardless of what
kind of service a provider may deliver, there are factors that a user is contributing to the assessment
of QoE. Thus, QoE may be considered to be influenced by Provider Controllable Factors and User
Controllable Factors. A provider could be any of the three entities: content provider, network
provider, and provider as per definitions in ATIS-0800002, IIF Architecture Requirements, also see
Figure 1.

Objective QoE Assessment Subjective QoE Assessment
Provider Controllable Factors User Controllable Factors
Dynamic factors Static factors
IPTV QoS Objective Subjective
Factors Factors
Application QoS Network QoS

Figure 6: Factors Impacting QoE and QoS

The QoSM TF will consider those aspects of IPTV QoS that are provider controlled and are
typically dynamic in nature.

24.21 Provider Controllable Factors

The provider-controllable factors that contribute to QoS or QoE are those that are under provider
control or influence. This means that either the service provider has contractual responsibility or
obligation to operate those factors that determine the performance, format, schedule, etc., of the
service. Further, the provider has the ability to specify the devices, configuration, performance, and
utilization of the devices or equipment not provided by provider, which interfaces with the provider
equipment and network. Therefore, all aspects of QoS are considered provider-controllable factors.
Provider-controllable factors can be of two types: dynamic ot static.

24.2.2 Provider Controllable Dynamic Factors

Here the term dynamic is used to convey the set of equipment, devices, software, and hardware that
interacts with and directly involved in the delivery of the service on a real-time basis and which
performance can be variable o a per user basis.

2.4.2.3 Provider Controllable Static Factors
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These are design factors such as user interface, EPG, task, help, etc. These factors have an
important impact on QoS, but do not change on a day-to-day basis.

Availability and reliability aspects are partly dynamic (network performance related) and partly static
(network design related), but are still under provider control. It is assumed that some of the overall
setvice availability objectives for IPTV setvice are comparable to the availability/reliability metrics
for telecommunication services in general, while others are unique to IPTV services. The security
and privacy aspects of IPTV service are vital to IPTV services and are unique to the IPTV service
environment. Reliability and availability and security/ptivacy related quality metrics specific to IPTV
service are for further study.

2424 User Controllable Factors

User determined or user influenced factors that impact the determination of QoE are considered
User Controllable Factors. These may fall into the following two categories: user subjective factors and
user objective factors.

24.24.1 User Subjective Factors

User subjective factors cover those aspects that are user dependent, vary from user to user and may
also vary for a particular user depending on context. However some general assumptions can be
made about user expectations. Expectation can impact upon almost any part of the user experience.
A few examples are provided.

1) Content: Depending on often-nebulous user criteria, users can apply variable standards and
performance levels determining acceptable experience. For example, the content properties
will to a large degree influence experience. If a user is viewing what they know is old
television content, they will accept lower quality. This is particularly true if the user is a
devotee of the content. Similarly, breaking news events often incorporate reports gathered
under difficult conditions, where high quality recording is not possible. Users appear quite
prepared to accept this poor sound and vision quality to get ‘on the spot’ reporting.

i)  Personal Experience: 1f users have, through personal experience, built a clear and unambiguous
model of how something behaves, then deviations from that model are unsettling and can
have negative consequences. When delivering television over a new medium it is important
to realize that to the end user it is television and models of how traditional television
behaves are likely to be applied.

ii) Craties Chouce: Critics, professional or amateutr, set our expectations of services and content.
Whether a friend or professional expert advises on the goodness (or badness) of a device or
setvice or particular show/seties/film, users can utilize such information as the basis for
determining their response.

24.24.2 User Objective Factors
There are many factors in the user environment or equipment that can impact both QoS/QoE and
are out of scope for the QoSM TF. These include:
1. Equipment in the home that can impact QoS, but is not controllable by the provider (e.g.,
TV, remote control device).

2. Environmental aspects in the user-viewing environment that may impact QoE.

2.5 Relationships Between QoE and QoS

The following figure presents the relationship between the types of QoS (application and network),
IPTV quality layers, QoS parameters, and QoE indicators.
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QoS Parameters

QoE Indicators

IPTV Quality Layers
Transaction
Quality
Content Quality

Color Errors, Blurring,
Edge Busyness, Temporal
Edge Noisa, Spatidl Edge

m J Noige, Error Blocks,
3\

IPTV QoS

Smearing, Jerkiness

Application
QoS

Audio: Lip syno, drop
outs

Media Stream
Quali Metric .
Network A Elock Distortion
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Transmission Metric
Quality
Metric J
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Metric 1 Channel Change latency
Pause, Play Latency
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Figure 7: Classifying Quality Layers, QoS Parameters and QoE Indicators

Quality of Service metrics monitoring measurement and analysis can be categorized in the following

quality process:

1. Definition of QoE indicators.

2. Definition of QoS parameters.

3. Definition of QoE indicators relationship to QoS parameters.

4. Definition of mechanism and methods to monitor and report QoS metrics.

5. Definition of computational models to estimate overall QoE score from QoS metrics.
251 Network QoS and Application QoS

The QoSM TTF differentiates between the following two types of QoS:

¢ Network QoS: Network QoS is a broad term used to refer to performance of the transport

network (generally IP), and a given network may provide multiple network QoS classes for
differing traffic types. Network QoS parameters may be defined as inputs to a bandwidth
reservation system or may be measured and reported as performance metrics. Network QoS
is affected by router behavior, network congestion, the speed of links interconnecting
routers and switches, transmission errors, and other characteristics. Network QoS metrics
relate to the performance of this layer (generally IP) and to the underlying impairments that
affect it, and do not relate to the performance of higher layers. In some circumstances,
however, some interpretation of high layer protocols can facilitate the measurement of
network QoS parameters. Example network QoS metrics include packet delay, packet jitter,
RTP delay, RTP jitter, and TCP re-transmissions.

IPTV transport networks can be based on IPv4, IPv6, and dual stack or other combinations
of these two (i.e., tunneled). IPTV transport metrics may be needed for these environments.
For example, multicast transport metrics in IPv4 are most likely based on Internet Group
Management Protocol (IGMP), whereas the same type of metrics would be based on the
Multicast Listener Discovery (MLD) mechanism in IPv6. The QoSM TF will study these
transport metrics where applicable.
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& Application QoS: The term Application QoS is used in this document to mean the
performance of an application that may or may not be interacting with a literal user.
Example metrics include PCR jitter, PSI Data Table (error), IGMP latency, RTSP latency,
and VoD server error.

The Protocol Stack View Model discussed in section 3.2 addresses measurement to support both
network and application QoS.

2.5.2 Quality Layers

Quality layers identify various perspectives of the service in which quality can be measured by means
of appropriate metrics. These metrics may measure QoS and/or QoE.

The notion of quality layers is important from several perspectives:

1. All the equipment and devices involved in end-to-end service delivery do not necessarily
have the ability to decode all the layers of IP Protocol stack. Therefore, some nodes will be
simply traffic aware, whereas other nodes and equipment will be aware of the IPTV
application, signaling, and media delivery. What this means is that in a measurement model it
would be useful to indicate which metric may be measured where.

2. Secondly, in a service environment where an intermediate provider is simply responsible for
proving the carriage of video flows, only a certain aspect of Quality would be relevant from a
measurement perspective. Therefore, from an SLLA assurance perspective, between domains
such delineation of the Quality layer is very necessary.

The following quality metric layers are identified: Content, Video Stream, Transmission, and
Transaction.

2.5.3 Content Quality

In general, IPTV content includes video and audio flows encoded to MPEG standards. In this
model, this is collectively referred to as the Content. The content streams may have additional
information such as sub-titling, interactive applications, Service Information (SI), etc. The quality of
these streams is called the Content Quality. Content Quality is the only layer where quality metrics are
affected by the IPTV ITF or head end encoding system.

254 Media Stream Quality

The content elements described above may be encapsulated within a MPEG-2 Transport Stream
and/or RTP stream. The quality of this transport stream is called the Media Stream Quality.

2.5.,5 Transmission Quality

The IP stream is delivered over the IPTV network using a stack of IP protocols such as UDP/IP or
TCP/IP. The quality of these IP streams is collectively called the Transmission Quality.

For IPTV services, the main focus of Transmission Quality is IP layer metrics. However, in parts of
the network where physical layer performance can cause substantial degradation of transport
performance, in particular in the last mile in DSL and home networks, it is recommended that IP
layer measurements be correlated with physical layer measurements to facilitate problem resolution.
Ability to address this correlation in the IPTV measurement function could potentially expedite
problem resolution. The QoSM TF points to standards that deal with specific physical layer
technologies such as G.997 standard for DSL physical layer measurements.
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2.5.6 Transaction Quality

The QoSM TF adds another aspect of measurement that is user interaction with the service. In
addition to the quality of the content stream delivered to the customer, customer experience is
impacted by the control transactions required for selecting, purchasing, and controlling the delivery
of the content stream. The term Transaction Quality refers to the user experience when an action or
signaling may be initiated by an end user for request of a service, and a service response
corresponding to the user action that is experienced by the user. The user may also initiate this
response during a session while a media stream is being delivered -- such as to tear down the session,
to exercise controls while a VoD or linear broadcast stream is being delivered, or respond to
interactive controls in more advanced versions of the service.

These quality layers are closely related, and understanding their relationships is useful for quality
assurance. For example, if underlying transmission quality is inadequate, it has the potential to cause
impairments in content presentation (such as video impairments) as well as service response to user
actions (e.g., channel change delay). If degradation is observed in the transmission quality and if
network has limitations, then characteristics of video stream encoding may be adjusted to mitigate
the impact of quality degradation in transmission layer.

2.5.7 QoS Parameters

Parameters are quantities that define certain characteristics of systems or functions. They can be
measured or assigned. Metrics provide quantitative and periodic assessment of QoS parameters.
Definitions of metrics can be found in section 2.3 Metrics, Definition, and Taxonomy. Specific QoS
metrics will be identified for each of the four quality layers. These metrics will vary according to
specific service offerings (i.e., broadcast, VoD). Detailed identification and definitions will be subject
of the QoSM TF future WTs.

2.5.8 QOoE Indicators

A number of QoE indicators are of interest (e.g., block distortion, edge noise, etc.; see Appendix D
for a complete set including their definitions). These QoE indicators determine the overall QoE.
Thus, the overall QoE score is related to the QoE indicators and is a function of the QoS
performance metrics.

QokE indicators describe audible or visible impairments or transactional responses that are a
consequence of the network performance. QoE indicators can be organized as follows:
¢ Video QoE Indicators, which relate to the viewing experience of the user. Appendix D defines
several standardized indicators.
¢ Audio QoE Indicators, which relate to the listening experience of the user.
& Multimedia QoE Indicators, which relate to the overall user experience associated with viewing
and listening quality, and audio-video synchronization.
¢ Transaction Qo= Indicator, which relates to the experience of the user with service transactions
such as channel change.

2.5.9 Relationships

A QoE/QoS relationship model can be utilized as a mechanism for service planning and network
engineering, and to provide a predictive quality analysis by assigning pre-engineered threshold values
to QoS parameters for different classes of network and content delivery environments. This
approach can be used to facilitate root cause analysis. The objective is to ensure that if all parameters
are within normal operating ranges, then the overall QoE should be acceptable, and that if any

17





ATIS-0800004

parameter is outside its normal operating range, then the QoE has degraded. Hence, it is possible to
correlate a threshold violation with a QoE problem.

The following figure is a graphical representation of the relationships between QoE indicators --
here generically referred to as video impairment and the conditions which contribute to the QoE.
These conditions include QoS parameters that can be measured, as well as factors related to faults,
compression, and display-related factors that are outside the scope of this document. This
conceptual representation is provided for the purpose of illustration and does not denote true
hierarchical relationships or structure in the figure presented below.

Video Impairment

T QoE
| I | I
MPEG Decoder Error Content Error Encoding Error || Display || Cabling & Connectors
IP Stream Error Packet Digitizer Error GOP Structure | | Bit Rate Resolution
IP Transport Error Buffer Overflow || Out of Order Packets
Packet Loss Packet Jitter
QoS

Figure 8: Example of QoE — QoS Relationships

The top-down view of the tree structure is useful for root cause analysis when a QoE problem is
reported either by a measurement system or by a consumer. Since there could be many reasons for
degradation of QoE, the tree structure can be used to perform trace and analysis to determine the
cause of the problem.

The bottom-up view of the tree structure enables a service provider to engineer its network such
that QoE objectives are met. This is also useful for monitoring, predictive analysis, and alarm
conditioning. If the QoS metrics at the lower layer that determine the QoE are found to meet the
required values, then it is likely that the QoE objective is being met. Furthermore, if a QoS metric at
the lower layer starts degrading, then one could infer how QoE may be affected by this degradation.

QoE models relate measured parameter values to the estimated subjective or perceptual metrics that
reflect the user experience. These models may be used for measurement or for planning. A
QoS/QoE model of the ITF QoSM TF considers those factors for a model determination that meet
the following minimum criteria:

1. Clearly identified inputs and outputs.

2. Be consistently applied across providers and users regardless of technology or systems used.
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2.6  Estimating QoE through Models

Developing QoE Models that relate measured performance metrics to user opinion, the definition
of metrics that define user opinion and identifying reference points at which they may be measured
is an important work item of the QoSM TF.

The QoSM TTF considers subjective assessment of IPTV QoE to be an important component of
service design and periodic assessments of the service. However, such assessment is not practical or
viable in real-time monitoring and assessment of the service on a per user basis on an ongoing basis.
True assessment of QoE can only be obtained from involvement of actual users; however, it is
generally not viable to determine such impacts on a per user basis. Techniques and models that can
help a service provider obtain an approximate assessment of QoE that is helpful in day-to-day
operation and real-time monitoring of the network on a per user basis are still much needed. The
QoSM TF will address the task of obtaining approximations/estimations of true QoE by utilizing
objective techniques and refer to this as objective assessment of QoE. Today, subjective and
objective measurement techniques exist only for picture quality and not for other aspects of IPTV
service. These are described in Appendix E.

Within the context of the IIF QoSM TT, focus is given to computational models based on zero
reference algorithms, which could potentially be implemented at various measurement points (e.g.,
CPE, DSLAM). The QoSM TF plans to produce models that estimate scores (e.g., MOS, PSNR)
for video, audio, and multimedia (video and audio). Some of these techniques are already
implemented in video decoders.

2.7 QoS mechanisms

The IPTV transport network can be constructed on top of different physical transport technologies;
for instance, SONET, DWDM, Gigabit Ethernet, DSL, and PON.

At different layers or domains, many QoS treatments can be utilized to archive/implement the
targeted service quality. There are several standardized approaches for Network QoS treatments as
defined in the IETF task force and IEEE, for instance:

¢ Differentiated services using DSCP packet marking.

¢  Layer 2 VLAN and Q in Q services.

* Label switching using multi-protocol label switching.

In order support video traffic, the network should provide consistent end-to-end QoS across the
network.

For the purpose of defining QoS metrics, it is assumed that one or more QoS mechanism(s) are in
place in different parts/layers of the network. Both the choice of QoS mechanisms and the
implementation of an enforcement solution are network architectural decisions. It is recommended
that a set of management functions be designed to support the enforcement of the QoS
mechanisms. The end objective of these mechanisms is to ensure that the network enables a
provider to achieve the required QoS and ultimately the preferred QoE.

Certain other mitigating mechanisms may be in place, such as application-layer Forward Error

Control (FEC), or Automatic Repeat reQuests (ARQs), and perhaps error concealment methods in
audio and video decoders. It is of interest to a provider to understand the capabilities/limits of such
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mechanisms. More discussion on such mechanisms can be found in the IIF Architecture Packet
Loss document, IIF-WT-009.

While the goal of the QoSM TF is not to design specific metrics for each possible QoS mechanism,
it is acknowledged that the use of such mechanisms may impact the value and measurement of some
QoS metrics. This is for further study.

3 Tools
3.1 High Level QoS Measurement Model: Domains

A model for the measurement of the quality of content delivery is required to provide an abstraction
from the network detail that will differ between IPTV service providers. The figures in this section
represent the content flow within an IPTV system. It identifies the key functional blocks through
which content passes and within which the content, or its encapsulation, could change. This is a
generic model; implementation within specific IPTV systems and networks might change the flow,
but is not expected to introduce additional functional steps. Functional blocks can introduce
undesirable changes to the content or its transport; however, they can be null functions.

NOTE: DRM is a requirement of most IPTV systems; however, this is not currently shown in the diagrams.

In this section, IPTV service delivery is broadly separated into Content, Service, Network, and
Customer domains, as also referenced in Figure 1, Section 1.4.

& Content Domain: The entity that owns or is licensed to sell content or content assets.
¢ Service Domain: The entity that provides the IPTV service to the customer.

¢  Network Domain: The entity connecting customers and service domains. The delivery system
usually is composed of access networks and core or backbone networks, using a variety of
network technologies.

&  Customer Domain: The domain where the IPTV setrvices are consumed.
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Figure 9: Solid Lines are Streamed; Dashed Lines are Transactional, File Transfer, or Physical

3.1.1
In ge

Content Domain

neral the Content domain will make IPTV content available as either streams, e.g., off-air, or as

“files™.

¢  Off-Air: The acquisition from “linear” broadcast streams, such as satellite distribution.

¢  Off-Line: The acquisition from stored media, such a digiBeta tape.

The quality of these sources will be the input to the Service Domains IPTV systems, Points [0]

3.1.2

Service Domain

There are a number of key-functional components within the Service domain that are used for the
delivery of video content.

¢ Content Ingestion: The processes for the preparation of off-line content. This includes video

encoding, capture, digitalization, re-purposing, editing, resizing, etc. The input O is the
quality of the ingested content and the output U is also the source quality for content
encoding.

¢ Content Encoding: The conversion of the file-based video content into the required coding

standard and transport rate for delivery over the IPTV system, it is also 2! the source quality
for the VoD payload (Video & Audio).
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Content Acquisition: The processes for the reception for off-air content.

Content Trans-coding: The conversion of the stream-based video content into the required
coding standard and transport rate for delivery over the IPTV system. The output @ is the
origin of the video stream for Broadcast IPTV; it is also 2] the source quality for the payload
(Video & Audio).

Content Distribution: The functionality required to take the prepared content and deliver it to
the video server for playout. For streamed video, this could be a null function, for file based
video this usually involves file transfer to the video server(s). [Note: Only shown in the
detailed diagrams below.]

Content Playont. The video servers for On Demand services and possibly the conversion from
unicast to multicast for broadcast services. The output @ is the origin of the video stream
for VoD. Content may be played out into each of the network sub-domains.

Content Insertion: The ability to substitute “payload” within an acquired or distributed stream.
[Note: Only shown in the detailed diagrams below.]

Transaction Server: This represents the application servers, etc., that support the navigation,
selection, and purchase of IPTV content. The measurement point 4 represents the server
end for the timing of client-server transactions.

Network Domain

This domain covers all the network components required to transport the video from stream source
(in the case of VoD, the video playout servers), to its destination (the customer home network).

¢

¢

Video Head End [Core]: Covers the network infrastructure providing the connectivity for
central playout site to a regional Video Hub Office (VHO). This typically receives the
content transport streams from the service domain ®.

Video Hub Office: Covers the network infrastructure providing the connectivity between
VHOs and Video Serving Offices (VSO). This receives the content transport streams from
the Video Head End (VHE) ® or from local sources.

Video Serving Office [Metro]: Covers the network infrastructure providing the connectivity to
the local offices. This receives the content transport streams from the VHO © or from local
sources.

Access Network: Covers the network from the central office to the customer premises.
Different access technologies, such as DSL, Fiber, may be used. This receives the content
from the VSOs © or from local sources.

Not all networks will include all sub-domains; at a minimum, there will be an Access Network and a
Serving Office.

3.14

Customer Domain

This domain covers all the equipment and functions located within the customet’s premises.
quip p

¢

Residential gateway & Home Network: Receiving device e.g., ITF, and TV. This receives
the IP stream from the access network®

ITF: A typical receiving device for the IPTV service, it contains two functional
components that can have an impact of video quality:
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Network Stack: ®The software functions for receiving the video transport stream® and
delivering these to the video decoder. This is the point were Forward Error Correction
(FEC) could be recovered.

Video decoder: The functional component for the decoding of the video stream into its

final analogue or digital format[®l, This component has to receive the video stream@ in
the exact format as produced by the video encoder in a timely, error free, manner.

Display: The conversion of the analogue or digital output of the Video Decoder into a
visible form[®l.
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3.1.5 Full QoS Measurement Model: Domains and Quality Metric Layers
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Figure 10: Full QoS Measurement Model

The full model in Figure 10 shows that the content processing and playout functions are often
geographically distributed across the network and that the elements of a transport stream can be
changed by Content Insertion between their sources; for example, at the VHE and the Access
network.
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Due to the way the content payload is encapsulated, and the nature of the changes that can be
introduced by the function components, it is not practical to measure, payload, transport or network
quality at every point within the model. The recommended points are included in the diagram as

listed belo

3.1.6

W.

Content Quality Layer
Table 2 lists the key points in the QoS model for the measurement of Content Quality.

Ref.
Point Description Example Format Some Potential degradation Example Measurement
O DVD, Digi-Beta, ASI
Source Content Quality Streams Original Quality Picture quality
1 Output of Ingestion Files and ASI Streams Standards conversion, downscaling MPEG stream quality
2 Output of Encoding Files and ASI Streams Coding artifacts Content quality
7 Frame loss, buffer under-
Input to Video Decoder Internal Data buffer Lost payload run
8 Output of ITF Analogue, HDMI Decoder not implementing features Content quality
9 Output of Display Visual Filtering, Colour distortion Customer Satisfaction

Table 2: Measurement Points for Content Quality

The points represent the key steps in the end to end delivery of the payload from its sources to the
consumer, as shown in Figure 11.

Impact of Service

-

0 1
Original Content Ingested
Quality Content Quality
3.1.7

Impact of ingestion:

Filtering, scaling, —»
Interlacing, ...

-« |mpact of Processing———»-a—Impact of delivery—»

-t

~a—Impact of device—»|

Impact of user—»

Impact of encoding:
~aQuantisation, blocking,»

2

Encoded
Content Quality -
PQoS

Media Stream Quality
Table 3 lists the key points in the QoS model for the measurement of the Media Stream Quality.
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Ref.

Point Description Format Potential degradation Example Measurement

@ Frame check sequence,
Source Content Quality Off-air stream quality Original source signal strength

@ Output of Playout File transfer Transcoding process PCR jitter

@ Output of Delivery Video Streaming Transcoding process PCR jitter

@ Output of Content Insertion Packetized video Local content insertion PCR jitter

@ Input to ITF network stack Packetized video Jitter, Packet loss Packet loss, jitter

@ Input to Video Decoder Packetized video Frame loss, buffer under-run Packet loss, jitter

Table 3: Measurement Points for Media Stream Quality

The points represent the key steps in the end to end delivery of the media stream from its sources to
the consumer, as shown in Figure 12.
VoD Stream
Quality

A

Impact of Service

v

<« Impact of Streaming——»<¢«—Impact of delivery—»<«——Impact of device—»

Impact of trans-coding
& re-muxing
Impe_alct of _streama Impact of _STB

insertion processing
Impact of transport:
Packet loss, timing,

© @ ® ® @

Source Stream Broadcast Inserted Strean Delivered Received
Quality Stream Quality Quality Stream Quality Stream Quality

Figure 12: Media Stream Quality Impacts

3.1.8 Transmission Quality Layer
Table 4 lists the key point in the QoS model for the measurement of Transmission Quality.
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Ref.
Point Description Location | Potential degradation Example Measurement

Core
@ Video Head End Ingress Original Packet Loss, jitter

Core Packet Loss, jitter
Video Head End Egress Jitter, Delay, loss

Core Packet Loss, jitter
Video Hub Office Ingress Jitter, Delay, loss

Metro Packet Loss, jitter
Video Hub Office Egress Jitter, Delay, loss

Metro Packet Loss, jitter
© Video Serving Office Ingress Jitter, Delay, loss

Access Packet Loss, jitter
@ Video Serving Office Egress Jitter, Delay, loss

Access Packet Loss, jitter
@ Access Network Ingress Jitter, Delay, loss

Home Packet Loss, jitter
@ Home Network Ingress Jitter, Delay, loss

Home Packet Loss, jitter
® Received Stream Quality Jitter, Delay, loss

Table 4: Measurement points for Transmission Quality Layer

The points represent the key steps in the Transmission stream from its sources to the consumer, as

shown in Figure 13.

]

~+———Impact of Core——»

f—Link—»|

<———Impact of VH

® ©®®

VHO Ingress

Core Ingress

Stream Quality Stream

Core Egress

3.1.9

Quality

VHO Egress

Figure 13: Transmission Quality Impacts
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Metro - VSO
Stream Quality

Transaction Quality Layer

Impact of Network-

«——Impact of VSO——»

f«a-Link—»|

© ©®

Access Ingress
Stream Quality

VSO Egress

~+——|mpact of Access—»|

Deli\}ered
Stream§ Quality
|

Access Egress

The operation of an IPTV system requires many transactions to occur between different
components of the overall system. Therefore the model does not try to represent all the points
where transactional quality (performance) would be measured. Table 5 shows the point where an
end-user effecting transaction, for example, might be instrumented. In general transaction quality is
concerned with round trip events, i.e., the measurement between the generation of a request and the

reception of the respons

€.
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IE)?rfl.t Description Format Potential degradation Example Measurement
a Transaction Server Request to response Performance of computing systems Time
B Output of Playout Request to response Delays in network Time
6 Output of Delivery Request to response Delays in display device ITF) Time

Table 5: Measurement Points for Transaction Quality

The points represent the key steps in an end-to-end transaction between the ITF and a transaction
server, as shown in Figure 14.

-t Impact to Service >
Impact of CPE Impact of CPE
performance performance
Impact of Impact of
network delays network delays
Impact of server
performance

0 B a a B 0
Figure 14: Transaction Quality Impacts

3.2 Stack view

IPTV QoS requires measurement at all logical layers of the IP network from application to physical
media and includes all network elements, equipment, and devices end-to-end. The protocols stack
view is a useful concept for differentiation and measurement of Network and Application QoS.
Measurements at IP layers essentially constitute Network QoS. Measurement of metrics at other
logical layers above the IP layer is a component of Application QoS Measurement.

An important aspect of metrics definition is that measurement must be feasible. If measurement is
not feasible, then a metric is not relevant. In order for measurement to be feasible, the
instrumentation needed to perform measurements as a prerequisite also needs to be defined.

The Protocol Stack View of QoS Metrics provides definitions that help determine the capabilities of
different types of nodes in terms of measurement, and certain basic requirements of instrumentation
at a measurement point for measurement to be feasible and usable. Definition and measurement of
metrics requires instrumentation capable of detection at various layers in the protocols stack, as well
as instrumentation at multiple points in the network distribution chain. The view differentiates
between nodes that are media aware and are transport aware in terms of the traffic flows that
originate, terminate, or pass through these nodes. The transport aware nodes recognize flows at the
IP layer and associated service classes of these flows, and are therefore capable of generating
Internet Packet metrics. The media aware nodes can examine traffic flows at the IP layer or at a
protocol layer above the IP layer. This could include awareness of flows with their associated
protocols, such as UDP, RTP, Real-Time Streaming Protocol (RTSP), and also the underlying media
such as video frames. These nodes can therefore collect a variety of metrics as shown in Figure 15.
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A key prerequisite of instrumentation in addition to protocol awareness is the awareness of network
time and clock references used to synchronize media streams.

Media
Sample  Media
Metrics  packet
Y Metrics .
Media Samples fkgﬁils

MPEGES(4) Metrcs
MPEGTS (44 o ;;I':;‘
RTP(12) ¥ Metrics
uDP(B)

IP(20)

MPEG-TS:RTP:UDP:IP Stack
Instrumentation Points

Figure 15: Example Protocol Stack

The Protocol Stack Concepts is structured around the notion that some nodes in the network would
be service aware while others may not be. It also identifies the prerequisites for measurement at the
network layer versus at the service layer.

This conceptualization is also intended to help make determinations with regard to instrumentation
and measurement capabilities in different parts of the network. As an example, the segments of the
network that are simply responsible for transport of IPTV service flows may not need
measurements at the media layer.

3.3 Use cases

In order to establish metrics and measurements, it is necessary to understand the type of network
traffic that flows between IPTV architecture components. Use cases facilitate the identification of
metrics and measurements by determining all possible initiated network traffic scenarios. Network traffic
scenarios may or may not be triggered by use cases. Network traffic scenarios not triggered by use
cases are for further study. The network traffic scenarios are described in terms of traffic flows (i.e.,
control data, media data) between functional IPTV architecture end-points (e.g., ITF or video
server) and allow abstraction from actual protocols (e.g., IP, RTP, RTSP). There are quite a number
of architectural decisions to be made with respect to the roll out of an IPTV service, and use cases
allow modeling any of these. The QoSM TF will support use cases that trigger network traffic.

There may be parts of the IPTV service(s) where the SPs would like to measure quality of the
service which do not involve any network data traffic. These scenarios are not in scope for the IPTV
QoSM TF. Examples include first-time ordering of IPTV (service activation) and service
termination. Any of the IPTV services has the following stages:

¢ Service Planning

¢ Service Activation
¢ Service Trouble
¢

Service Termination
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Metrics and measurements supporting service consumption and service trouble stages of the IPTV
services will need to be identified by the IPTV QoSM TF.

Each IPTV service has a distinct set of possible events. The complete list of IPTV services as
specified by the IIF Architecture Requirements [2] includes:

¢

Entertainment services: Linear/broadcast TV, Linear broadcast with Trick Modes, Pay Per
View (PPV), VoD, Interactive TV, Download-based Video, Content Distribution Services
(Push VoD), Consumer originated Video (e.g., home security), Audio (e.g., music), Games,
Pictures.

Regulatory Information: Emergency Information, Closed Captioning, Content Advisories,
Educational, Distance Learning,.

Advertising: Traditional broadband advertising, Targeted advertising, Directory advertising,
Direct mail.

Communication Messaging.

Service Information: Interactive Program Guide (IPG), Parental control, Notification
services.

Hybrid services.

3rd party Content Services.

The QoSM TF will design metrics and measurements, as appropriate, for the IPTV services defined

in [2].

As examples, two IPTV entertainment services are described in more detail. For the
linear/broadcast IPTV service, the following use case scenatios can be identified:

Broadcast:

1.

A

A consumer turns on the TV.

A consumer uses the IPG.

A consumer selects an IPTV stream/channel.

A consumer watches an IPTV stream/channel.

A consumer chooses a different channel (channel change).

A consumer turns off the TV or switches to VOD.*

For the VoD service, the following use case scenarios can be identified:

17OD:

Nk e

A consumer turns on the TV.

A consumer uses the IPG.

A consumer selects a VOD program.

A consumer completes a billing transaction for pull and push VOD.
A consumer activates “trick” features (pause/play).

A consumer completes viewing experience.

A consumer turns off the TV or switches for broadcast.*
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* NOTE: The consumer may switch to another service, but these other services, including PPV, are for
further study. At present, [2] (sections 5.4, 5.4.2, and 5.9.3) has identified the need for Picture In Picture
(PIP). It is expected that this will also be supported at a later time. At that time, IIF QoSM TF will evaluate
requirements for metrics and measurements in support of PIP. The QoSM TF may support use cases
identifying metrics and measurements for switching between IPTV services.

In each of these use case scenarios network traffic may be generated. Some of these use case
scenarios are common among different IPTV services. The QoSM TF will support use cases
identifying metrics for all IPTV services per the IIF Architecture Requirements as described in [2].

While use cases are useful in identifying metrics and measurements, the IPTV architecture may need
metrics in areas that cannot be identified by use cases. The QoSM TF will not preclude other
methods of identifying QoS metrics and measurements than those identified by use cases.

At certain measurement points, looking below the transport layer to the physical layer may be useful
in sectionalizing problems. Recommended metrics at certain reference test points may include such
items. This is for further study.

3.4 Instrumentation

3.4.1 Encrypted Content

It may be difficult or impossible to analyze many performance statistics of encrypted or content
protected video streams. Encryption may be performed at different layers in the protocol stack and
may interfere with the process of gathering even simple network statistics. The table below shows
how the location of encryption within the protocol stack affects the ability to obtain performance
metrics, under the assumption that the test function is 7o a party to the encryption algorithm and
key. Measurement functions located within I'TFs will generally have access to the unencrypted
content.

Location of Loss PDV MPEG TS | LB,P Loss Decoded Perceptual

encryption layer metrics metrics metrics frame impacton | A-V Delay | quality
counts image metric

Within MPEG Yes Yes Yes Yes No No Yes

Picture

Payload of MPEG | Yes Yes Yes Possible in | No No Yes

Transport Packets some cases.

Payload of RTP Yes Yes No Possible in | No No Yes

packet some cases.

UDP payload No No No No No No No

IP payload No No No No No No No

Table 6: Impact of Encryption

Service providers should be aware that the location of the encryption layer can have a material
impact on the ability of test, measurement and management functions to provide performance and
diagnostic data. The use of IPSEC security, which is located below the RTP/MPEG Transport
layer, can prevent even simple transport metrics from being obtained and may therefore affect the
manageability of the service.
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3.4.2 Passive Measurements

Passive measurements are those made at the test point by a test function which do not affect the data
flow under analysis and thus are made passively. The flow being analyzed is monitored, data is
collected, and specific metrics are determined from this passive data measurement collection activity.
The analysis made may involve live customer traffic or test traffic specifically injected at another
point in the network to be analyzed passively at the point in the network under test.

Passive measurement test functions could take several forms, but might include: network elements
capable of gathering metrics, fixed probes specifically designed for such capture and analysis activity,
or portable devices which are temporarily placed at a test access point. In all cases, the
measurements are made unobtrusively regarding the traffic being analyzed. For a more exhaustive
overview of passive measurements, see [17].

3.4.3 Active Measurements

An active measurement/ test is defined as a test in which a synthetic or test signal or stream is injected
into the network and measurements made of this signal or stream at other points/downstream
points within the network.

An example might be measuring channel change times (sometimes called channel zapping). The
measuring device initiates the change (sending an IGMP join message), and measures the elapsed
time until receipt of the first video data packet for the requested channel program. Sending a test
stream would be an active test event, but the measurement by a separate device which needs no
relationship or connection to or communication with stream initiating device is still passive in
nature.

3.4.4 Active Measurements with Test Stimuli

Packet pairs, sampling, or other constructed test sequences are examples of active measurement with test
stimuli. Most of the methods to assess available bandwidth with just a few packets would fit in the

"test stimuli" category. These methods draw on what can be inferred from observations, and there is
no claim that they approximate any real traffic pattern (nor is it necessary; inference bridges the gap).

Active testing includes the concept of test stream generation and subsequent analysis. Use cases
might include:

¢ Network design validation and pre-deployment readiness analysis;
¢ Service assurance and monitoring;

¢ Service turn-up and provisioning;
¢

Service trouble-shooting.

Test streams enable a known stream configuration to be injected into a network, and the effect of
the network upon the test stream measured at a test point downstream of the injection point. Test
streams can be used in many ways, but one is to provide a known “good” format and payload
injected to determine how a network affects the stream at various test points. Using an un-
encrypted payload, additional analysis can be conducted which is not possible with encrypted
payloads used in live traffic. A second concept is to use the test stream to “stress” the network by
manipulating various parameters in order to determine if network elements and software are
performing to specification. A third use might be to control the generation of a test stream from a
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Network Operations Control Center (NOC), causing it to be injected in a certain portion of the
network toward a specific customer location to facilitate trouble-shooting activities.

Specific test stream formats and content are unlimited, but some specific metrics which might be
manipulated include:

Bandwidth;
Packet jitter;
Packet loss (or drop), duplication or out of sequence;
PCR jitter;
PSI Data presence rates;
Programmed sequences for packet loss period and distance (RFC3357);
Packet format as in RFC2330;
Payload compression schemes; for example, MPEG-2, MPEG-4 AVC, VC-1,
Encapsulation schemes; for example:
¢ Ethernet/IP/UDP/MPEG-2 TS;
¢ Ethernet/IP/UDP/RTP/MPEG-2 TS;
¢ Ethernet/VLAN/UDP/RTP/MPEG-2 TS;
¢ Ethernet/MPLS/IP/UDP/RTP/MPEG-2 TS.

® & & &6 6 O o o o

Many other items like packet length could also be manipulated, but in the context of this framework,
the use of typical packet formats used in IP Video networks would be more beneficial. The idea is
to emulate actual streams found in a network as much as practical, while providing the capability to
perform repeatable active tests to evaluate the metrics listed above.

3.4.5 Network Tomography

Network tomography sometimes also called znferential network monitoring, is an active area of research that
originated from challenging tasks such as dynamic routing, optimized service provisioning, service
level verification, and detection of anomalous/malicious behavior. These tasks depend on logic in
individual servers and routers to aid in the collection of network traffic measurements. Analogous
efforts were found in areas of signal processing and tomographic image reconstruction, which
appeared to have similarities to the problems in data networking.

Network tomography includes the estimation of a potentially very large number of spatially
distributed parameters, which complicates the estimation process significantly. As a result, network
tomography involves defining simple statistical models with acceptable low estimation errors
allowing inference of performance characteristics. The statistical models support the measurement
process and the temporal and spatial dependence of measurements should be assessed.
Measurements may be passive or active.

Network tomography may be useful for isolating fault locations in IPTV networks. IPTV network
providers may have systems that gather and store network topology and performance data that
could obviate or complement estimations from network tomography. Network tomography may be
of interest to the QoSM TF and is for further study.
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3.4.6 Measurement Protocol Examples

In order to collect performance data remotely, protocols are required. Two examples of such
protocols are described below.

3.4.6.1 TR-069

DSL Forum TR-069 describes the Customer Premise Equipment (CPE) WAN Management
Protocol, intended for communication between a CPE and an Auto-Configuration Server (ACS).
The CPE WAN Management Protocol defines a mechanism that encompasses secure auto-
configuration of a CPE, and also incorporates other CPE management functions into a common
framework. The scope of the CPE management protocol is shown below.

[ o ]
| ACS Northbound Scooe of
AT Interface CPE WAN Management Protocol:
Service ACS Southbound Interface
Configuration

Manager

Regional
Broadband

(A

(e f e f e

Gateway Device

Managed CPE
(LAN Device)

Figure 16: TR-69 CPE WAN Protocol

TR-069 was approved in May 2004. Since that time, several other DSL Forum Technical
Requirements have been approved and several more WTs are in progress. The following figure
identifies most of them. WT-143 is a new document not shown specifically addressing using TR-
069 to collect diagnostic information for testing purposes.
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Figure 17: DSL Forum CPE Management Specifications

These documents are not exclusively directed at DSL networks. For instance the DSL Forum is
now applying TR-069 for the remote configuration and management of IP based services for
Passive Optical Network (PON) access (WT-142). TR-069 and associated documents are getting
serious attention outside for the DSL Forum as well. For instance, in April 2006, ITU-T SG16 Q21
agreed to adopt TR-069. DVB is currently evaluating TR-069 and associated working text for the
Remote Management System.

TR-069 can be used for:
¢ Auto-configuration and dynamic service provisioning;
¢ Initial CPE configuration;
¢ Re-provisioning at any subsequent time;
¢ Allow vendor-specific parameter configuration;
¢ Software/firmware image management;
¢ Version identification;
¢ File download initiation;
¢ Notification of the success or failure of a file download;
¢ Status and performance monitoring;

¢ Log file, and dynamic notification;
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¢ Diagnostics;

¢ Connectivity and service issues.

In TR-069, parameters are arranged in an object model. The object model is built up as a tree like
structure. TR-069 uses eXtensible Markup Language (XML), which is an open standard, is human
readable, and supports easy to share information with other applications. Under a root object (a
CPE), different service objects can be grouped. A service object can contain basic parameters, an
object, or multiple instances of an object. These are building blocks that can be used to create a full
object model for a complex device with different services.

TR-069 and the associated DSL Forum documents can be used for the configuration and retrieval
of QoS metric information. TR-069 provides the SetParameterValues Remote Procedure Call
(RPC), the AddObject and DeleteObject RPCs, and the GetParameterValues RPC for data retrieval.
This method provides the means to retrieve a parameter but also an object, a sub-tree, or all
instances of a table, by providing a partial path.

The TR-0069 also provides an eventing mechanism based on providing active or passive notification
on parameter changes. This could be used for notification of changing QoS conditions.

3.4.6.2 RTCP-XR

Real Time Control Protocol — eXtended Reports (RTCP-XR) is described in RFC3611. In RTCP
XR - IP Video Metrics Report Blocks: draft-clark-avt-rtcpxr-video-02, it has been further adapted to
include the reporting of transmission, video, audio, multimedia, and control plane (transaction), and
reports the observed performance from each instrumented location in the network. More
information about RTCP can be found in Appendix C.

35 IPTV Metrics and Measurements in NGNs

Most SPs are expected to support IPTV and other services enabling a variety of voice, video, data,
and mobility applications. While the choice of NGN [3,4,5] functions z#0 an end-to-end IPTV
network architecture is out of scope for the QoSM TF, their presence once determined in the IIF
Architecture (ARCH) TF is important such that metrics and measurements can be designed with
these functions in place. Several subsystems in the service stratum are under consideration, including
IMS. While a transparent approach towards particular implementations is considered, the eventual
selection of these functions and their relationship with respect to the design of metrics and
measurement is for further study. Examples that are of interest to the QoSM TF include the use of
particular NGN transport stratum functions, including end-to-end QoS signaling and Resource and
Admission Control Functions (RACF) functions.

3.6 Timing and Synchronization for IPTV

Synchronization is important for aspects of IPTV service. Timing, time stamps, time of day, and
time synchronization are a component of some QoS metrics for IPTV. Examples follow.

Accurate determination of one-way delay is only possible with accurate time stamps and time
synchronization.

Network and service utilization, and resulting QoS problems, varies with time of day; and can vary
relatively rapidly during events such as massive channel change events.
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Some DRM streams and content streams need to arrive at times which are within delay restrictions.
DRM functions such as time-based viewing controls and non-repudiation rely on the time being
accurate in the I'TF, and these functions need mechanisms to support secure and accurate time on
the IPTV Receiving Device.

The mechanisms for achieving the MPEG timing model need examination in view of the interactive
nature of IPTV and the delivery of video over a network that is not a constant delay network. The
MPEG system utilizes a timing model that requires virtually constant delay at the MPEG layer.
Timely decoding of video depends on this timing model and therefore impacts video quality and
User Experience. The ITU-T Recommendation H.222.0 recognized the challenges posed by a
variable delay network and the impact of network jitter, and has suggested its mitigation in ensuring
this timing model. Jitter smoothing of lower layers, usually implemented with buffers, needs to
achieve MPEG synchronization requirements before presentation to the MPEG layer. These
synchronization functions need to be supported by the ITF.

Similar timing considerations apply to media carried in RTP.

Multiple related streams within a given program need synchronization. Synchronization of audio and
video is an important QoE Indicator, often referred to as “lip synch.”
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APPENDIX A — STANDARDS AND STANDARDS ACTIVITIES

The specifications and references listed below are called out for attention as important references.
Although quite exhaustive, it is not meant to be an exhaustive list of all references related to the
QoSM framework.

A.1 Subjective Video Quality Measurement
ITU-R Recommendation BT.500-11 Methodology For The Subjective Assessment Of The Quality Of
Television Pictures, 2002.

Describes various approaches for subjective assessment of video quality, including both Double Stimulus (DS) and Single
Stimulus (SS) approaches.

ITU-T Recommendation ].241 Quality Of Service Ranking And Measurement Methods For Digital 1 ideo
Services Delivered Over Broadband IP Networfks, April 2005.

Describes basic metrics for IP based video streaming services, for example video frame rate, buffer under/overflow events,
packet loss rate, latency, jitter and throughput.

EBU BPN 056 SAMVIQ, Subjective Assessment Methodology for V'ideo Quality May 2003.

Describes a subjective evaluation methodology intended for use with video codecs for use over the Internet.

A.2 Obijective Video Quality Measurement
ITU Contribution COM 9-80, June 2000, Final Report from the 1 ideo Quality Experts Group on the

Validation of Objective Models of 1 ideo Quality.
Presents results of Video Quality Experts Group (VQEG) study of a number of full reference video quality tools.

ITU-T Recommendation ].144, Objective Perceptual 1 ideo Quality Measurement Technigues For Digital
Cable Television In The Presence Of A Full Reference, March 2004.

Provides guidelines on the selection of full reference objective video quality tools, and recommends four tools that were
validated by VQEG (see ref 2.1).

ITU-T SGY, Questions 2 and 14 address objective measurement and in-service monitoring,
coordinated with VQEG.

ITU-T SG12, Question 9 addresses evaluation of objective models, coordinated with VQEG.
Question 13 addresses the development of a Video E Model.

I'TU-T Joint Rapporteurs Group on Multi-Media Quality Assessment is a joint SG9/ SG12 group
that typically meets in conjunction with VQEG.

ITU-T FG IPTV - Working Group 2 addresses QoE and Performance Monitoring.

ITU-R Recommendation BT.1683, Objective Perceptual V'ideo Quality Measurement Technigues For Standard
Definition Digital Broadcast Television In The Presence Of A Full Reference.

ITU-R SG6 Questions 44, 48, 99, 109 - address in service quality assessment for broadcast systems.
Questions 55, 62 and 122 address measurement of sound quality.

VQEG - Video Quality Experts Group - is an informal group that operates in conjunction with
ITU-T SG 9 and 12.
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The VQEG offers the FR/RR/NR model for objective assessment of the quality of video itself. However, this assessment
does not cover other user interaction aspects of service such as channel change, request for content and the background
functions related to a user response such as delivery of correct DRM keys, access to setvice etc.

T1 801.03-2003, Digital Transport of One Way Video Signals - Parameters for Objective Performance
Assessment.

T1 801.04-1997, Multimedia Communications Delay, Synchronization and Frame Rate Measurement.

T1.TR.72-2003, Methodological Framework for Specifying Accuracy and Cross-Calibration of 1ideo Quality
Metrics.

T1.TR.73-2001, Video Normalization Methods Applicable to Objective Video Quality Metrics Utilizing a Full
Reference Technigue.

T1.TR.74-2001, Obyjective V'ideo Quality Measurement Using a Peak-Signal-to-Noise-Ratio (PSNR) Full
Reference Technigue.

T1.TR.75-2001, Objective Perceptual Video Quality Measurement Using a [ND-Based Full Reference Technigue.

T1.TR.77-2002, Data and Sample Program Code to be used with the Method Specified in Technical Report
T1.TR. 72-2001 for the Calculation of Resolving Power of the 1 ideo Quality Metrics in Technical Reports T1.TR.
74-2001 and T1.TR. 75-2001.

A.3 Video System Performance Planning and Measurement
ETSI TR 101 290, Digital Video Broadeasting; Measurement Guidelines For D1'B Systems, May 2001.

Describes a broad range of measurements related to overall video system performance, including some related to MPEG
transport (e.g., PCR jitter and drift) and many metrics related to RF performance. Does not have any specific metrics
related to video quality.

ATSC IS-191, Relative Timing of Sound and Vision for Broadcast Operations, June 2003
A US recommendation for Digital TV applications that defines acceptable lead-lag times for audio with respect to video
(Preferred in the US over ITU-R BT1359.1).

DSL Forum WT 126, Triple-play Services Quality of Experience (QoE) Requirements, July 2006

This document describes QoE requirements and tatgets for linear/broadcast TV and VoD in IP networks (as well as VoIP
and BE Internet Access). Other IP-based TV applications (e.g., gaming, etc,) are for further study. Except for P transport
metrics, this document does not identify service level metrics nor does it indicate how to measure those metrics. However,
the WT identifies the areas where metrics may be created including measurements as it pertains to the scope of the ATIS
IIF QoSM TF.

Video Services Forum Ad-hoc Group on Test and Measurements Report, Recommended 1 ideo over IP
Metrics v3.1.

This document identifies and describes metrics tequired to accurately characterize packet-based network performance for
streaming video transport over IP. This report includes metrics to assist with requirements for monitoring,
troubleshooting, equipment performance compliance to specifications, measuring service statistics, and equipment analysis
and debug from design through production life cycle phases. Metrics are provided with a description of why the metric is
included, its application to a video over IP transport system, and the location or application for the use of the metric.

REC4445, A Proposed Media Delivery Index (MDI), April 2000.

MDI measurements can be used as diagnostic tool or a quality indicator for monitoring the network intended to deliver
applications such as streaming media, VoIP, MPEG video, or other information sensitive to arrival time and packet loss.
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A.4 Reporting video quality from IP endpoints
IETF Audio/Video Transport (AVT) is developing an RTCP XR Video Metrics draft suitable for

reporting IPTV performance metrics from IP set top boxes mid-stream.
This draft describes a set of metrics related to video quality, and a lightweight "push" protocol for reporting these metrics
from an IP endpoint. The metrics defined include both RTP and MPEG-2 Transport performance measures using a
layered model, IP metrics from before and after the application of FEC and perceptual quality metrics for video, audio

and multimedia. The draft also describes performance metrics for TCP based video streams [Described in draft-clark-
avt-rtepxr-video-02.txt (IETF)).

The following mechanism is intended to be access network agnostic and its application is being
extended from DSL networks to other types of access networks. Standards being proposed in other
forums are for further study.

DSL Forum TR-069:

TR-069 describes the CPE WAN Management Protocol, intended for communication between a CPE and an Auto-
Configuration Server (ACS). The CPE WAN Management Protocol defines a mechanism that encompasses secure auto-
configuration of a CPE, and also incorporates other CPE management functions into a common framework. This
mechanism can be used to obtain information regarding the performance of both access and home networks. The data
model for IP Gateways and other CPE devices is quite comprehensive and extensible, should additional data objects be
required for IPTV QoS metrics. The mechanism is access network agnostic and its application is in no way restricted to
DSL networks. TR-069 should be considered as a mechanism for reporting IIF QoS metrics from the Delivery Network
Gateway (DNG), I'TF, or other CPE device.

A.5 IP performance
ITU-T Recommendation G.1050, Network model for evaluating multimedia transmission performance over IP.

Defines a time series based IP network impairment model and a range of profiles associated with different network types,
characteristics and congestion levels. The model may be used as a means to generate realistic IP impairments for
equipment testing or may be used to develop a measure of network coverage in order to assess the robustness of equipment
over a broad range of conditions

IETF IP Performance Metrics IPPM) Working Group

The IETF IP Performance Metrics (IPPM) Working Group is developing a set of standard metrics that standardize the
quality, performance, and reliability of Internet delivery services. A listing of IPPM documents follows:

IPPM Internet-Drafts:
Packet Reordering Metric for IPPM
Defining Network Capacity
A Two-way Active Measurement Protocol (TW AMP)
IP Performance Metrics (IPPM) for spatial and multicast
Spatial Composition of Metrics
Framework for Metric Composition
Reporting IP Performance Metrics to Users

Tracerounte Measurements Information Model and XMI. Data Model

IPPM Request For Comments:
Framework for IP Performance Metrics (REC 2330)
IPPN Metrics for Measuring Connectivity (REC 2678)
A One-way Delay Metric for IPPM (RFC 2679)
A One-way Packet 1oss Metric for IPPM (REC 2680))
A Round-trip Delay Metric for IPPM (REC 2681)
A Framework _for Defining Empirical Bulk Transfer Capacity Metrics (REFC 3148)
One-way Loss Pattern Sample Metrics (REC 3357)
IP Packet Delay V ariation Metric for IPPM (RFC 3393)
Network performance measurement for periodic streams (REC 3432)
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http://www.ietf.org/internet-drafts/draft-ietf-ippm-reordering-13.txt

http://www.ietf.org/internet-drafts/draft-ietf-ippm-bw-capacity-03.txt

http://www.ietf.org/internet-drafts/draft-ietf-ippm-twamp-01.txt

http://www.ietf.org/internet-drafts/draft-ietf-ippm-multimetrics-01.txt

http://www.ietf.org/internet-drafts/draft-ietf-ippm-spatial-composition-01.txt

http://www.ietf.org/internet-drafts/draft-ietf-ippm-framework-compagg-01.txt

http://www.ietf.org/internet-drafts/draft-ietf-ippm-reporting-00.txt

http://www.ietf.org/internet-drafts/draft-ietf-ippm-storetraceroutes-01.txt

http://www.ietf.org/rfc/rfc2330.txt

http://www.ietf.org/rfc/rfc2678.txt

http://www.ietf.org/rfc/rfc2679.txt

http://www.ietf.org/rfc/rfc2680.txt

http://www.ietf.org/rfc/rfc2681.txt

http://www.ietf.org/rfc/rfc3148.txt

http://www.ietf.org/rfc/rfc3357.txt

http://www.ietf.org/rfc/rfc3393.txt
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A One-way Active Measurement Protocol Requirements (REC 3763)
IP Performance Metrics (IPPM) metrics registry (REC 4148)
A One-way Active Measurement Protocol (OWAMP) (REC 4656)

ITU-T Recommendation Y.1540, Internet Protocol Aspects — Quality Of Service And Network Performance.
Defines parameters that may be used in specifying and assessing the performance of speed, accuracy, dependability, and
availability of IP packet transfer of international Internet Protocol (IP) data communication service. The defined parameters
apply to end-to-end, point-to-point IP service and to the network portions that provide, or contribute to the provision of,
such IP service with connectionless transport. Packet transfer mechanisms, availability, and packet delay variation are
described in detail.

ITU-T Recommendation Y.1541, Network Performance Objectives For IP-Based Services.

Defines classes of network Quality of Service (QoS) with objectives for Internet Protocol (IP) network performance
parameters. Two of the classes contain provisional performance objectives. These classes are intended to be the basis for
agreements among network providers, and between end users and their network providers. Appendices describe IP
petformance details, relationships, references, FEC, digital video and other issues. Y.1541 was updated on 02/2006 and
now includes classes that can apply to IPTV.

ITU-T Recommendation G.1010, End-user Multimedia QoS Categories, identifies that user QoS is

mostly influenced by delay, delay variation, and loss.

The recommendation identifies several different applications and maps them to eight end-user Quality of Services
categories each with their own performance objectives. With respect to IPTV, several categories are of interest, including
streaming voice/video, and others. Each category is identified to allow a certain amount of one-way IP packet delay, and
IP packet loss. The QoSM TF may relate to G.1010 for any newly defined metrics, and if applicable, expand to other
categories.

A.6 Other related standards

The following mechanisms are intended to be access network agnostic and their application is being
extended from DSL networks to other types of access networks. Standards being proposed in other
forums are for further study.

DSL Forum WT-107, Internet Gateway Device Data Model, May 2000.

This working text defines the data model for configuration and management of an Internet Gateway Device by an Auto-
Configuration Server using the mechanism defined in TR-069. The data model identifies some of the information that may
be available from a DNG. The data model is extensible should additional data objects be required for QoSM. WT-107
should be considered when defining the data model for the DNG.

DSL Forum WT-135, Data Model For A TR-069 Enabled ITF, April 2006.

This working text defines the data model for provisioning of Digital Television (broadcast or IPTV) functionality on a set-
top-box CPE device by an Auto-Configuration Server using the mechanism defined in TR-069. The data model identifies
some of the information that may be available from a Home Network End Device (HNED). The data model is extensible
should additional data objects be required for QoSM. WT-135 should be considered when defining the data model for the
ITF.

The following recommendation is for cases with DSL performance.

ITU-T Recommendation G.997, Physical Layer Management for Digital Subscriber Line (DSL) Transceivers,
May 2005.

ITU-T Recommendation G.997, “Physical layer management for digital subsctiber line (DSL) transceivers,” (also called
G.PLOAM) defines DSL-layer control and diagnostics messages. G.997 is rapidly gaining acceptance by the industry. DSL
line QoS metrics may be retrieved using G.997 commands including aggregate performance numbers such as bit rate, noise
margin and error counts; as well as spectral data such as loop response and noise Power Spectral Density (PSD). CO-end
and CPE/modem-end data are both available. Simple Network Management Protocol (SNMP) command structure is
defined in G.997.
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APPENDIX B — OVERVIEW ON QUALITY OF SERVICE
B.1 Discussion of QoS and QoE in Various Standards

The ITU-T Recommendation E.800 [13] one of the few standardized definitions for Quality of

Service is a good reference for QoS and a starting point to approaching the definition of QoS/QoE
of any new service such as IPTV.

E.800 defines QoS as:

“the collective effect of service performance which determine the degree of satisfaction of a user of the
service.
NOTES:

1. The quality of service is characterized by the combined aspects of service support
performance, service operability performance, serveability performance, service security
performance, and other factors specific to each service.

2 The term “quality of service” is not used to express a degree of excellence in a comparative
sense, nor is it used in a quantitative sense for technical evaluations. In these cases a
qualifying adjective (modifier) should be used.”

This definition is fairly widely accepted. This definition is exceptionally broad as may be observed in
the notes. The E.800 definition is intended to include the performance effects of all elements
(terminals, LANs, access networks, core networks, gateways etc.) in an end-to-end path between
human users or application programs, and all types of communicated media (e.g., voice, data, video).

Related to QoS is the term Quality of Experience (QoE). A proposal is under consideration with I'TU
Study Group 12 to expand the E.800 definition of QoS to include other effects, such as context,
environmental effects, etc. This broadened notion of the user experience is under consideration and
called QoE as proposed below:

“Ouality of Experience is the overall acceptability of an application or service, as perceived subjectively by the
end-user.

This definition notes that the:
1. Quality of Experience includes the complete end-to-end system effects (client,
terminal, network, services infrastructure, etc).
2. Overall acceptability may be influenced by user expectations and context.”

ETSI TISPAN ETSI TR 102 479 defines QoS and QokE as follows:

“QoS: the collective effect of service performance, which determine the degree of satisfaction of a user of the
service.

Note 1: The quality of service is characterized by the combined aspects of service support
performance, service operability performance, serveability performance, service security
performance, and other factors specific to each service.

2 E.800 Series E: Overall Network Operation, Telephone Service, Service Operation, and Human Factors, Terms and
Definitions Related to Quality of Service and Network Performance Including Dependability, August 1994. Reproduced
with the kind permission of ITU
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Note 2: The term “quality of service” is not used to express a degree of excellence in a comparative
sense nor is it used in quantitative sense for technical evaluations. In these cases a qualifying
adjective (modifier) should be used.

Note 3: The definition above including notes 1 and 2 is from ITU-T Recommendation E.800 [2].
ITU-T Re%ommendation G.1000 [3] expands the definitions of QoS given in ITU-T recommendation
E.800 [2].

QoE: User perceived experience of what is being presented by a communication service or application user
interface.”

The ITU-T Recommendation X.902 (1995 E) definition of QoS is a "set of quality requirements on
the collective behavior of one or more objects.” We choose to use guantifiable attribute in place of
guality as we believe that the term guality as used by ITU-T could refer to aesthetic or other non-
measurable aspects.

A recent new effort from the DSL Forum has created a Working Text, WT 126 titled Triple-play
Services Quality of Experience (Qol5) Requirements which in its introduction statement also makes
reference to new work in ITU-T Study Group 12, Question 13 on the definition of Quality of
Experience.

The DSL Forum provides further elaboration on the Study Group 12 definition. QoE is the overall
performance of a system from the point of view of a user. QoE is a measure of end-to-end
performance at the services level from the user perspective and an indication of how the system
meets the user’s needs. See Appendix C for more information.

B.2 On The Use Of The Term QoS

IPTV is a composite service, i.e., it has components which depend on the quality delivered by other
services. Itis normal practice within the industry to use the term QoS with regard to these various
component services. For example, a video stream is delivered over IP it is normal and customary
practice to refer to the service quality delivered by IP as (oS and to make generalized statements
such as “in order to deliver a sufficient level of [application, voice, video...] QoS it is essential that
the IP network meets its QoS objectives.”

The idea that the QoS of one application or layer may be dependent on the QoS of other
applications or layers is entirely within the spirit and usage of the term. The user or consumer of a
service may be a person, an application, an organization or another service -- and hence this usage of
QoS is entirely consistent with the ISO and I'TU definitions of the term.

It is definitely good practice to define what the term QoS is being applied to for example Application
QoS Network QoS, ot IPT1V Service QoS

3 © European Telecommunications Standards Institute 2006. Further use, modification, redistribution is strictly
prohibited. ETSI standards are available from http://pda.etsi.org/pda/ and

http://www.etsi.org/services products/freestandard/home.htm.

4 ITU-T Recommendation X.902 (1995 E) ITU-T Recommendation X.902 (1995 E), Information Technology - Open
Distributed Processing - Reference Model: Foundations. Reproduced with the kind permission of ITU.

43



http://pda.etsi.org/pda/

http://www.etsi.org/services_products/freestandard/home.htm



ATIS-0800004

APPENDIX C — OTHER QUALITY DEFINITIONS

C.1 DSL Forum WT-126
The DSL Forum offers a more extensive view of QoE as summarized below.

Data Control Dependa- Other
Plane Plane bility Plane | Aspects
Service QOE Audio Quality Same as Application | Reliability/ Security/
Video Picture Quality QoE - Control Plane | Availability Privacy,
Subjective(MOS) Objective(human Usability,
perception model, video signal Content
parameters, network impairment
parameters
Indirect(based on network impairment
parameters)
Application Video signal parameters — settings CC, VoD controls.
and parameters for digitization and EPG navigation
QOE compression of A/V source materials System Start up
Transport Network impairment parameters
Q oE Packet Loss, Latency and Jitter

Table 7: DSL Forum QoE Map

The DSL Forum discusses 3 types of objective assessment techniques, again only for video quality:

1. Based on model of human video perception.
2. Based on video signal parameters.
3. Based on network impairment parameters.

For more information, refer to WT-126.

C.2IETF RTCP-XR
RTCP-XR defines the following types of quality:

VSTQ - Video Service Transmission Quality: The video service transmission quality expressed as a score
in the range 0.0 to 50.0. This is a codec independent measure of the ability of the bearer channel to
support reliable video.

VSPQ - Video Service Picture Quality: The video service picture quality expressed as a score in the
range 0.0 to 50.0. This is a codec dependent measure that is related to the subjective quality of the
decoded video stream.

VSAQ - Video Service Audio Quality: The video service audio quality expressed as a score in the range

0.0 to 50.0. This is an audio codec dependent measure that is related to the subjective quality of the
decoded audio stream(s).
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VSMQ - Viideo Service Multimedia Quality: The video service multimedia quality expressed as a score in
the range 0.0 to 50.0. This is a composite audio/video measure that is related to the overall
subjective user expetience and considers picture quality, audio quality and audio/video
synchronization.

VSCQ - Viideo Service Control Plane Quality: Video service control (trick play) quality is expressed as a
score in the range 0.0 to 50.0. This is a measure that is related to the performance of the video

stream control channel.
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APPENDIX D — VIDEO QUALITY IMPAIRMENTS/INDICATOR DEFINITIONS

The QoE indicators may be defined by the following parameters, as documented by T1.801.02-1996:

1.

10.

11.

12.

13.

14.

15.

Block Distortion: Distortion of the image characterized by the appearance of an
underlying block encoding structure. Also is called tiling.

Blurring: A global distortion over the entire image, characterized by reduced sharpness of
edges and spatial detail.

Color Errors: Distortion of all or a portion of the final image characterized by the
appearance of unnatural or unexpected hues or saturation levels. These hues or saturation
levels were not present in the original image.

Edge Busyness: Distortion concentrated at or near the edge of objects, and further
categorized by its temporal and spatial characteristics.

Temporal Edge Noise: A form of edge busyness characterized by time-varying sharpness
(shimmering) to edges of objects.

Spatial Edge Noise: A form of edge busyness characterized by spatially varying distortion
in close proximity to the edges of objects.

Mosquito Noise: A form of edge busyness distortion sometimes associated with
movement. Characterized by moving artifacts around edges and/or blotchy noise

patterns superimposed over the objects (resembling a mosquito flying around a person's
head and shoulders).

Error Blocks: A form of block distortion where one or more blocks in the image bear no

resemblance to the current or previous scene and often contrast greatly with adjacent
blocks.

Jerkiness: Motion that was originally smooth and continuous is perceived as a series of
distinct 'snapshots'.

Motion-Related Artifacts: Distortion of motion video potentially observable by the
viewer. In some instances, the distortion becomes motre observable with increased
motion. The distortion may appear as smearing, block distortion, jerkiness, or other
impairments.

Motion Response Degradation: The deterioration of motion video such that the video
imagery has suffered a loss of spatio-temporal resolution.

Object Persistence: Distortion where the object(s) that appeared in a previous video
frame (and should no longer appear) remain(s) in current and subsequent video frames
as an outline or faded image.

Object Retention: Distortion where a fragment of an object that appeared in a previous
video frame (and should no longer appear) remains in the current and subsequent video
frames.

Scene cut response: The perceived impairments associated with a scene cut. For example, a
slow build-up of a video image, instead of an instantaneous change of images.

Smearing: A localized distortion over a sub-region of the received image, characterized
by reduced sharpness of edges and spatial detail. For example, the portrayal of a fast
moving object may exhibit smearing.
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APPENDIX E — PERCEPTUAL VIDEO QUALITY

E.1 Introduction

An important aspect of QoE is Perceptual Video Quality, which relates to the user’s experience of
the video and audio stream. Two methods exist for measuring the perceptual quality of a service:
objective methods and subjective methods. Objective measurement depends only on the object or parameter
being measured -- e.g., packet loss. Subjective Measurement relies not only on the object or
parameter being measured but also includes the end user viewpoint or perception of the resulting
measurement -- e.g., impact of packet loss on user perception of video quality.

Subjective methods (reference P.800, BS.1116, BT.500, P.910, P.911, P.920) exist for performing
controlled experiments directed towards understanding the perceptual quality of speech, audio,
video, and multimedia. Subjective methods are useful for performance testing in the laboratory and
for training and testing objective perceptual quality methods. Subjective methods are not appropriate
for in-service monitoring, but are essential in determining the usefulness of objective methods.

Objective quality methods offer automated means of estimating the subjective or perceptual quality
of a service. Objective measures are computational in nature and may incorporate (e.g., J.144)
models of psycho-visual effects (for example frequency response, contrast sensitivity, temporal
masking, color representation). I'TU-T Rec. J.144 was not tested under conditions of packet loss or
other transport impairments, and hence it may have limited applicability to measuring picture quality
for IPTV service.

Tests conducted within VQEG and ITU demonstrated that full reference algorithms incorporating
psycho-visual models achieved better correlation with subjective test data than algorithms such as
PSNR that did not incorporate such models. There are various methods available to perform
perceptual quality measurement. Full reference methods have access to both the original signal and
its processed counterpart. Full reference methods may analyze the components of both signals
independently as well as comparatively. Reduced reference methods have access to the processed
signal, but have limited knowledge of the original signal. Reduced reference methods can perform
independent and comparative analysis of the signals, but their performance is affected by the quality
and quantity of information derived from the original signal. No reference methods have access to
the processed signal only. For real-time, in-service quality monitoring, either reduced reference or no
reference perceptual quality methods may be deployed. Full reference methods may be useful to
measure the quality of service prior to transmission (e.g., at the head-end).

E.2 Video Picture Quality Metrics (VQM)

E.2.1 Subjective VQM

Video Mean Opinion Score (MOS) is evaluated averaging the subjective ratings made by a panel of
viewers of one or more video clips. Viewers typically rate the picture on a scale of 1 to 5 as shown in
the following Table 8. Subjective MOS rating is not possible for day-to-day network test, although
briefly viewing video on a monitor is often practical.
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Scale Subjective Video

Quality

Excellent
Good

Fair

Poor
Bad

— N[~

Table 8: Subjective Evaluation Scale

Audio quality has a pronounced effect on perceived video quality. A frequent problem with digital
video is for audio to arrive out of synchronization with video, called /p synch.

E.2.1.1 Objective VQM

An Obyjective Video Quality Metric (VQM) algorithmically estimates received video MOS. Objective
VQM may be done many ways, ranging from relatively simple approximations based on one or a
few impairment values (i.e., packet loss rate), up to exhaustively comparing every pixel of a reference
of the source material with a decoded output..

Analog picture quality is often measured by the carrier-to-noise ratio (CNR), with CNR above about
43 dB necessary to ensure a good picture. The CNR is only useful with good quality source video.
The next three sections discuss three types of objective VQM, with full, partial, and no reference.

E.2.1.1.1 Objective VQM with Full Reference

With a full reference, the test device receives both the video stream under test and a pristine,
uncorrupted, reference version of the same stream. An objective assessment of the video stream
under test is made by comparing to the reference stream. Often the two pictures need to be scaled
and aligned before their pixels may be directly compared. Mean Square Error (MSE) quality
assessment metrics are relatively easy to compute. The Peak Signal-to-Noise ratio (PSNR) is the
ratio of the peak signal to the root mean square (RMS) noise, where the noise here is the difference
between the received video under test and a reference copy of the same video signal. PSNR
objectively measures degradation primarily of the luminance signal. Acceptable PSNR figures vary
between 20 dB (maybe just acceptable) and 40 dB (excellent). There are a number of more complex
full reference video quality metric algorithms that arguably can achieve greater accuracy than PSNR.

Much work on objective VQM was originally designed for measuring encoder quality and not video
quality after network transmission. Comparing to a full reference stream may be accomplished
several ways across a network. The comparison may be made between two streams from two
different sources in the service provider or network provider domains. Dedicated hardware, such as
network probes or wideband test heads, can be deployed at various points in the network to inject
video test streams at one point and calculate objective VQM at another point. A device in the
customer domain could loop-back the video stream under test to the service provider or network
provider domain where it is then compared to the reference stream. Or, a device in the customer
domain could possibly store a particular reference video clip which is compared to a received test
stream.
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E.2.1.1.2 Objective VQM with Partial Reference

A compatrison to a partial reference can also be made. Here, key features such as spatial and temporal
detail are extracted from the reference video stream, and these features are transmitted to the system
testing the video. The reduced reference signal may be transmitted over a different channel, which is
ideally error-free. The reduced reference signal should use significantly less bandwidth than a full
reference signal.

E.2.1.1.3 Objective VQM with No Reference

In the no reference VQM case, the picture quality is estimated using only the received picture. While
this is easy to do subjectively by simply looking at the picture, objectively measuring the overall
video quality with no reference may be computationally complex. Algorithms can look at encoded
pictures, individual pixels, edges, etc., and estimate encoded picture quality. The Video Quality
Experts Group (VQEG) is studying such algorithms.

Another no reference approach is to assume that good video encoders and decoders are used, and
then the video quality is inferred from knowledge of transmission impairments. A primary
transmission impairment impinging picture quality is the end-to-end Packet Loss Rate (PLR) after
error correction and retransmission. Packet jitter and delay are also important, but their effect varies
with the type of encoding and the size of decoder buffers. The type of picture information that is
lost, the time series nature of loss (burstiness), error propagation, decoder concealment strategies,
etc., may all be accounted for when estimating the impact of network errors on video quality. The
quality of the source video may need to be known in order to estimate received picture quality from
transmission impairments. Or encoded video picture quality may be estimated by examining some
encoding parameters. Video encoding parameters -- such as source video resolution, quantization
levels, encoded bit rate, etc., -- may be analyzed to indirectly estimate the video encoding quality.
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APPENDIX F — INFORMATIVE IPTV SERVICE EXAMPLES

This section provides examples of the process of defining metrics and measurements for two IPTV
services -- linear/broadcast, and VoD -- as highlighted in ATIS document ATIS-0800002. For the
purposes of this effort, these examples are not intended to be entirely complete; they are intended to
bring together a model as described in the above document and use the definitions, tools, and
mechanisms introduced in this framework document. Future working texts will complete these
examples.

In these examples the content provider is also the service provider and are thus shown as one.
F.1IPTYV Linear/Broadcast Service
The following figure shows an example logical architecture, using the QoS Model, of the IPTV

Linear broadcast service. The foundation model for these services can be found in Figure 6 of the
ATIS document ATIS-0800002.
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Figure 18: Example Service Architecture of IPTV Video Service

This figure shows the overall view of IPTV Video service architecture end to end from content
aggregation at VHE to the customer premises and set-top box delivery to TV. The following
describes a conceptual implementation example of this architecture.

At the national level, Video Head Ends serves as the central point of national content aggregation.
All content is encoded into MPEG streams and transported over the network and terminated at a
VHO. The VHO serves as the local point of aggregation. It is here that off-air local, public,
education, and government channels are aggregated and combined with the national broadcast video
coming from the VHE. Local Advertisement Insertion, Emergency Alert system switching, VOD
content and IPG are processed and served at VHO. Video content and broadcast are converted to
Single Program Transport Streams (SPTS) and encapsulated into IP multicast packets. The IP
encapsulated video is then sent to the VSO via Point to Multipoint IP transport. At the VSO, the IP
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multicast streams are presented to the Gateway Routers, where they are integrated with the other
service flows for transport to the customer.

F.2 Transaction Quality
The service consumer would use the IPTV Broadcast service as follows, identified by use cases:

A consumer turns on the TV.

A consumer uses the IPG.

A consumer selects an IPTV stream/channel.
A consumer watches an IPTV stream/channel.

A consumer chooses a different channel (channel change).

AR S e

A consumer turns off the TV or switches to VOD.

VS0 o G

VHO GWR ONT
=

I
IP Stream OLTIP GPON-layer BHR IP
Replication Multicast Multicast Multicast

Figure 19: Example of IGMP Service Architecture of IPTV Video Service

GWR
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Figure 20: Example Of IGMP Call Flow For Selecting Channel 2 And Change To Channel 3

Figure 20 shows the channel change and multicast signaling flows. The I'TF initiates a channel
request by one of the following methods:

¢ Random selecting channel by entering channel number using remote control.

Channel Up/Down button using remote control.

Channel Up/Down button using ITF front panel.

Selecting a channel on IPG application menu.

Powering on ITF/TV and tuning to initial channel assigned by I'TF or IPG application.

* & & o

Channel Change Time/Delay as a QoE indicator can be defined as:

Time measured from the time the user has completed entering selection of a new broadcast channel
to when customer successfully sees delivery of that new channel on the consumer's rendering device

(i.e., ITF). Major factors that contribute to this delay are:

¢ Processing time by IPG or I'TF application to read customers input, verify if the selected
channel is a valid subscribed channel, and send join message to BHR.

¢ BHR delay to process the request and send the message to Gateway router.

L 4

ITF.

IGMP leave generated for previous channel when requesting a new broadcast.
ITF buffering.

ITF awaiting I-frame, and other MPEG headers/tables.

ITF decoding time.

Key distribution (if applicable).

* & & o o

A channel request or a join message is triggered by the user selection of a channel which is mapped by I'TF
to a multicast group address carried in the IGMP message. The I'TF IGMP message is sent to the BHR. The
BHR acting as an IGMP proxy will process the IGMP message and sends an IGMP request towards the

Gateway Router.
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The ONT and OLT will monitor the transaction by IGMP snooping and manage that forward traffic sent
to these multicast groups and to be delivered to valid subscribers.

When a customer changes a channel, an IGMP leave message will be sent by ITF followed by an IGMP join
message. The I'TF should confirm that the channel requested is a valid requested and verify that customer is
subscribed to that channel otherwise an error message must be displayed to the user.

In the initial stage of IPTV service offerings, the customer’s expectation of the transaction quality will be
similar to response time as traditional analog or digital cable service without realizing the complexity of
protocols and network time delays associated with each transaction. To achieve better IPTV response time
in case of “channel change time delay”, various mechanisms are being developed to improve customer
perception of visible delays. The following example describes additional features that can be introduced to
utilize the potential capability of ITF and possible bandwidth available between ITF and the Video service
office.

1. During customer interaction with ITF that normally is triggered by customer touching the remote
control or selecting a channel, ITF will allocate four active streams between I'TF and Gateway router
that will include:

¢ Current selected channel.

¢ Previous selected channel or channel defined in channel map when the customer
used channel up or channel down.

¢ Next channel defined in channel map if the customer uses channel up or channel
down.

¢ Predicted channel based on history and customer behavior.

Utilizing this approach each time customer select a channel, ITF will first check if the selected stream is

available at the I'TF and assign that channel and then allocate next possible stream using the above logic

for next selection.

2. During customer interaction with I'TF that normally is triggered by customer touching the remote
control or selecting a channel, ITF will assign the channel request utilizing a single cast stream rather
than IGMP method. When customer moves to silent mode (inactive) followed by a timeout, I'TF
will switch from single-cast mode to multicast. This method can also be combined with the previous
one by allocating one additional single-cast continues stream to I'TF.

Channel Change Time/ Delay as a QOE indicator can be defined as: “Time measured from the time the user
has completed entering selection of a new broadcast channel to when customer successfully sees delivery of
that new channel on the consumer's rendering device (ITF)”. Major factors that contribute to this delay are:
¢ Processing time by IPG or I'TF application to read customer’s input, verify if the selected
channel is a valid subscribed channel and send join message to BHR.
¢ BHR delay to process the request and send the message to Gateway router.

The time it takes for the IGMP protocol to locate the requested channel and to send it to the
ITF.

IGMP leave generated for previous channel when requesting a new broadcast.
ITF buffering.

ITF awaiting I-frame, and other MPEG headers/tables.

ITF decoding time.

Key distribution (if applicable).

L 4

* & & o o
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F.3 IPTV Video on Demand (VoD) Service

VOD Service Diagram
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Figure 21: Example Service Architecture of IPTV Video on Demand Service

Figure 21 shows an example logical architecture, using the QoS Model, of the IPTV Video on
Demand service. The foundation model for these services can be found in Figure 8 of the ATIS
document ATIS-0800002.
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VOD services require program content to be stored and accessible from servers specifically designed
for such service. A signaling protocol, typically RTSP, is used in conjunction with software
generically called “middleware” to enable the service. The middleware provides the billing and
access control necessary for on-demand services. Typically, the middleware resides on a VOD
application server separate from the content servers.

The service consumer would use the IPTV Video on Demand service as follows, identified by use
cases:

A consumer turns on the TV.

A consumer uses the IPG.

A consumer selects a VOD program.

A consumer completes a billing transaction for pull and push VOD.
A consumer activates “trick” featutres (pause/play).

A consumer completes viewing experience.

A A o

A consumer turns off the TV or switches for broadcast.

The use case that is worked out as part of this example is the “trick features” use case. The other
use cases are examples and together with the trick features use case will be discussed in future WT's
both in completeness and detail.

In identitying metrics, we can look at the network data that supports the trick features use case.

Trick features involve network signaling data characterized by transaction quality per the QoS
Model.

F.3.1 Transaction Quality

Transaction quality in VOD service is very different from broadcast video service. As the use case
shows, using the EPG is included, but due to the extreme variability of EPG designs and operation,
the EPG is not considered in this example. Negotiating a billing and authorization function is also
part of the use case, but in a similar manner to the EPG operation is not considered in this example.
These are for further study and positioned for future WTs.
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Figure 22: Example of RTSP for Trick Features

Given this trick features message flow, the following are examples of metrics that could support the
Trick features Use Case.

Trick Latency: QoE metrics for VoD transaction quality are expressed by the following indicators:

¢ Viideo selection process delay: ““Timing period from the time when the subject is selected to
the time when content is displayed.”

¢ Play Delay: “Timing period from the time when the Play entry was selected to the time
the content is displayed.”

¢ Stop Delay: “Timing period from the time when the Stop play video entry was selected to
the time the content is stopped playing as indicated by video content display.”

¢ Rewind Delay: “Timing period from the time when the Rewind video entry was selected to
the time the rewind action is executed as indicated on display device.”

¢ Panse Delay: ““Timing period from the time when the Pause video entry was selected to
the time the pause action is executed as indicated on display device.”

¢ FFW Delay: “Timing period from the time when the Fast Forward video entry was
selected to the time the FFW action is executed as indicated on display device.”
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ITF hardware and VoD client application complexity related to video buffering, storage capacity,
and advance content download will have a major impact on transaction quality metrics elements and
QoE results.
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1. Abstract


In working document on performance monitoring for IPTV (FG.IPTV-Doc-0039, output document of Busan October 2006 meeting), a generalized monitoring method for multi-media data based on transmission packet loss was discussed, but how to establish the index between transmission packet number and the multi-media data characteristics and how to reconstruct the video/audio frames based on the index were not presented.

To make this method more integrated, the contents mentioned above are described in this contribution and correspondingly the experiment results are given in another contribution.


2. Discussion


In the generalized monitoring method for multi-media video and audio quality, monitoring points are composed of some sampling points and a reference point. The basic procedure includes three steps:


· At the reference point, relations or index between transmission packet number and the multi-media data characteristics are established.

· At the sampling point, the lost packets are fed back to the reference point.

· At the reference point, the loss characteristics are reconstructed based on the established index.


For the purpose of evaluating the quality of the multi-media services, the loss characteristics caused by transmission error, such as the damaged video/audio frames, should be reconstructed. 


Based on this Architecture and method, we give the propositional index structure and the corresponding method of reconstructing damaged video/audio frames according to the index and lost packet number.


2.1 Requirements of indexing

The index between packet number and multi-media data can be constructed by a standard decoding process or a standard encoding process at the reference point. 


The typical packet index includes the following parts.


Table 1. Multi-media Packet Index Structure


		Content

		Description 



		Packet Number

		The received multi-media packet number, which is used to retrieve the multi-media data.



		Packet Length

		The size of current packet index in byte. 



		Packet Type

		The type of current multi-media packet, which can be video type or audio type.



		Video Structure

		If the packet type is video type, the video structure specifies the video index data.



		Audio Structure

		If the packet type is audio type, the audio structure specifies the audio index data.





2.2 Video index structure and reconstructing method 


As far as video structure is concerned, the video index should contain information that is capable of reconstructing the damaged video frames caused by transmission error. For example, the packet loss will distort not only current video frame, but also the video frames following the distorted frames till the next intra prediction frame. So the video index should reconstruct both the damaged frames corresponding to the packet data and the error propagated video frames following the damaged frames.


The video structure includes the following parts.


Table 2. Video Index Data Structure 

		Content

		Description 



		Video Sequence Parameters

		The parameters of video sequences, such as image width, image height, video frame rate, video format, etc.



		Frame Index(N)

		The video frame index corresponding to the multi-media video packet. If the multi-media video packet consists of N frames of video data, the frame index should have N different values, corresponding to N different frames.



		Block Information(N)

		The feature data that is used to reconstruct damaged video frames, including block type, block address, motion vector, reference picture index, etc. If the multi-media video packet consists of N frames of video data, the block information should have N frames of data.



		Residual Information(N)

		Difference between a prediction of a sample and its decoded value for each pixel. If the multi-media video packet consists of N frames of video data, the residual information should have N frames of data.





In the index based video quality measurement method, the lost packet number is confirmed and the damaged video is reconstructed at the reference point as follows. 


· The first frame of the monitored video is an intra-prediction frame, supposed to be correct, which is copied from the source video.


· The image picture data, between the intra-prediction frame and the video frame corresponding to the first lost packet behind intra prediction frame, can be reconstructed by copying from source video directly.


· If current packet is lost, retrieve the frame index and block address from the video index corresponding to the packet. The damaged image area is reconstructed by copying from corresponding area in previous reconstructed reference frame.


· If current packet is not lost, retrieve the frame index, block information and residual information from the video index corresponding to the packet. The error propagated video frames following the damaged video frame can be reconstructed by inter prediction from previous reconstructed reference frame. 

2.2 An example of video index based on MPEG4/AVC 


To illustrate the method of constructing multi-media packet index in detail, this section gives an example of video index data structure based on MEPG-4/AVC. The typical video index is defined as follows.


Table 4. an example of video structure 

		video_struct {

		



		total_video_seg_num

		8 bits



		img_wid

		16 bits



		img_hei

		16 bits



		yuv_format

		4 bits



		frame_rate

		16 bits



		i = 0

		



		While ( i < total_video_seg_num ) {

		



		i ++

		



		video_frm_index

		32 bits



		seg_type

		1 bit



		total_MB_num

		16 bits



		j = 0

		



		While (j < total_MB_num ) {

		



		j ++

		



		MB_addr

		16 bits



		MB_type

		4 bits



		for ( i = 0; i<16; i++) {

		



		ref_fw_index

		4 bits



		mv_fw_x

		16 bits



		mv_fw_y

		16 bits



		bi_direct

		1 bit



		if ( bi_direct == 1 ) {

		



		ref_bw_index

		4 bits



		mv_bw_x

		16 bits



		mv_bw_y

		16 bits



		}

		



		residual[4][4]

		16 bits



		}

		



		} 

		



		
}

		



		}

		





total_video_seg_num specifies the total number of video segments in current packet_index, represented by an unsigned integer value of 8 bits.


img_wid and img_hei specifies the video frame’s width and height in pixel by an unsigned integer value of 16 bits.


yuv_format specifies the video sequences’s YUV format by an unsigned integer value of 4 bits contained in Table 5.


Table 5. YUV format structure


		yuv_format

		Discription



		0

		YUV 4:2:0



		1

		YUV 4:2:2



		2

		YUV 4:4:4



		3~7

		unspecified





frame_rate specifies the video’s frame rate by an unsigned float value of 16 bits.

video_frm_index specifies video frame index of each video segment in current packet_index, represented by an unsigned integer value of 32 bits.


seg_type specifies the type of current video segment by an unsigned integer value of 1 bit contained in table 6.


Table 6. segment type structure

		seg_type

		Discription



		0

		not a picture data frame, such as SPS(Sequence Parameter Set) or PPS(Picture Parameter Set), etc.



		1

		picture data frame





total_MB_num specifies the total number of macroblock in current video segment by an unsigned integer value of 16 bits. total_MB_num should be equal to 0 only if  seg_type is equal to 0. macroblock is a 16x16 block of luma samples and two corresponding blocks of chroma samples.

MB_addr specifies the macroblock address in current video frame by an unsigned integer value of 16 bits. macroblock address is the index of a macroblock in a macroblock raster scan of the picture starting with zero for the top-left macroblock in a picture.  


MB_type specifies the type of macroblock by an unsigned integer value of 4 bits contained in table 7.


Table 7. MB type structure

		seg_type

		Discription



		0

		Inter prediction MB from forward frame 



		1

		Inter prediction MB from forward frame and backward frame



		2

		Intra prediction MB



		3~15

		unspecified





ref_fw_index specifies an index of forward reference picture with respect to current video frame indicated by video_frm_index  by an unsigned integer value of 4 bits.


mv_fw_x specifies the horizontal motion vector of forward inter predicted 4x4 block by a signed integer value of 16 bits.


mv_fw_y specifies the vertical motion vector of forward inter predicted 4x4 block by a signed integer value of 16 bits.


ref_bw_index specifies an index of backward reference picture with respect to current video frame indicated by video_frm_index  by an unsigned integer value of 4 bits.


mv_bw_x specifies the horizontal motion vector of backward inter predicted 4x4 block by a signed integer value of 16 bits.


mv_bw_y specifies the vertical motion vector of backward inter predicted 4x4 block by a signed integer value of 16 bits.


Residual[4][4] specifies difference between a prediction of a sample and its decoded value of each pixel in 4x4 block, where each pixel is represented by a signed integer value of 16 bits.


2.4 Effective result

In the normal video quality monitoring method, encoded video bit streams are decoded by standard video decoder to get the damaged video sequences. Than the video quality metric value is computed between the source video and the damaged video. However, this method need one additional complete decoding process for each monitored sampling point. So when several sampling points need to be monitored simultaneously, the computation resource consumption is much higher at the referent point.

The proposed index based video quality monitoring method has much lower computational complexity than the normal video quality monitoring method using standard video decoder. Since the damaged video reconstruction based on index does not need complete decoding process, the time consumption is reduced significantly, especially under condition of low packet loss rate.


3. Proposal


This document recommends a method of constructing index between the transmission packet number and multi-media data for multi-media services quality monitoring in section 2.1, and the video index structure and reconstructing method is presented in section 2.2. An example of constructing video index data structure is illustrated in section 2.3. We hope that section 2.1 and section 2.2 can be adopted.


_______________
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Introduction: This contribution presents several suggested changes to the document FG-IPTV-DOC-0089 “Performance monitoring for IPTV”.


Proposal 1: To add the following content to section 8.4 “IPTV Service Attribute Monitoring”


A direct observation approach to monitoring via the use of devices that are deployed at appropriate monitoring points in the IPTV delivery network presents a true metric of service performance. 


Figure 1 shows a deployment scenario that involves monitoring the direct user experience before and after the STB. This setup is applicable for Domain E and monitoring points 4 and 5.


 

[image: image1.emf]

Figure 1 – Direct Observation Monitoring Model for Domain E


Proposal 2: To add the following content to section 8.4.1 “Channel Line Up Validation”


All the channels in the service should be tested. This has to take into account the various service plans and also region specific channels.


8.4.1.1 Channel Line Up Validation for Domain B


Channel line up validation at Domain B involves checking the various unicast and multicast IP flows prior to delivery from the headend. All the outgoing IP flows should be checked. Their unicast and multicast addresses should be correlated with the channel line up. This will ensure that the IP flows’ addresses are configured correctly.


8.4.1.2 Channel Line Up Validation for Domain E


Channel line up validation at Domain E involves examining the IP traffic entering the STB as well as the audio/video output of the STB. Please refer to figure 1 on the direct observation monitoring model for Domain E.


Examining the STB’s incoming IP traffic requires checking the unicast or multicast address. Each channel is typically assigned a multicast address. A remote control should be used to invoke channel change on the STB. A correlation should be made between the remote control’s channel change parameter and the multicast address of the IP traffic. This channel – multicast address correspondence is specific to an operator’s service. This test also ascertains whether an STB has received the correct channel – multicast address mapping information.


The presence and status of the audio/video output of the STB should be checked whenever a new channel change command is issued by the remote control. Presence indicates whether any audio/video content is produced. Status indicates whether the video is frozen or is in the blackout condition. For the case of audio, silence and tone should be checked. This test is applicable to all the available audio/video outputs of the STB. 


Proposal 3: To add the following content to section 8.4.2 “Service Meta-Data Validation”


Meta-Data is typically delivered via tables in the Transport Stream, or by other means, which might comprise of XML tables, HTTP traffic, encrypted data and out-of-band channel delivery. The method in which meta-data is represented and delivered is usually operator and STB specific. This implies a potentially proprietary approach to decoding and examining the meta-data.


8.4.2.1 Service Meta-Data Validation at Domains A and B


Meta-data that are generated and subsequently embedded in the IP flows or delivered by other means should be decoded and validated against the operator’s service offering. Multiple meta-data sets can be checked simultaneously.


8.4.2.2 Service Meta-Data Validation at Domain E


Meta-data is usually presented to the user in the form of an Electronic Program Guide. The STB’s incoming IP traffic should be decoded appropriately at monitoring point 4, according to the method of delivering the meta-data. This meta-data should be checked against the operator’s service offering. Only one meta-data set can be checked at any one time.

Proposal 4: To add the following content to section 8.4.3 “Channel Zap Time”


Channel zap time can be measured by taking the time difference between the channel change commands from the remote control and the time the new channel’s video and audio are presented on the display. This measurement method takes into account the STB’s internal data buffering and also the audio/video decoding time.


A device can be used to detect the presence of the new channel’s video and audio content. This entails connecting the audio/video outputs of the STB to a display device. An appropriate method must be employed to determine whether audio/video content relating to the new channel is actually received.


Proposal 5: To add the following content to section 8.5 “Video Quality Monitoring”


The three models of measuring video quality can be applied to different parts of the IPTV delivery chain. Table 1 shows the relevance of the three models in the five domains. 


		

		Domain A

		Domain B

		Domain C

		Domain D

		Domain E



		Full Reference

		Yes

		Yes

		

		

		



		Reduced Reference

		Yes

		Yes

		

		

		



		No  Reference

		Yes

		Yes

		

		

		Yes





Table 1 – Video Quality Measurements in the Various Domains
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1. Introduction

1.1 Overview/background

This document defines an ATIS IIF consensus view of Quality of Service (QoS) metrics for Linear/
Broadcast Internet Protocol TV (IPTV) service. Metrics, definitions, measurement points, and applicable
measurements are identified. This is considered a living document as it is expected that additional
metrics (and associated elements) will be defined as the industry and standards matures.

1.2 Goal

The goal of this document is to define a base set of QoS metrics for Linear/Broadcast IPTV service as
defined per ATIS-0800002 [1] architecture document as complete as possible. ATIS IIF recognizes that
as the IPTV architecture is currently a work in progress, not all QoS metrics applicable for the
Linear/Broadcast IPTV service can be envisioned at this time. Additional QoS metrics will be added at a
later time as more functional components of the architecture are defined (e.g. IP multicast specific, Digital
Rights Management (DRM), metadata, service layer), as applicable.

1.3 Purpose

The purpose of this document is to provide the industry with a first set of well defined set of QoS metrics
that are deployable and immediately useful.

1.4 Scope and Assumptions
The following characteristics identify the scope of this document:

e ltincludes QoS metrics that are intended to support the Linear/Broadcast IPTV service defined in
ATIS-0800002 [1], and not any other ATIS IIF defined IPTV services. However, it is recognized
that many QoS metrics may also be applicable for other ATIS IIF defined IPTV services, such as
Video On Demand (VOD), where many similarities exist.

e The QoS metrics apply to applicable measurement points, along an end-to-end path from Video
Head End (VHE) Egress to Interactive Terminal Function (ITF) (aka, Set Top Box (STB)).
Although not all information may be accessible (for example, due to encryption), the best possible
view is provided where applicable and accepted by ATIS IIF.

e Many performance objectives will be architecture-dependent and therefore defining
values/objectives for these QoS metrics may not be useful. There is a class or classes of QoS
metrics that are independent of network architectures (i.e. service) and it may be applicable to
define values/objectives for these metrics. However, this is subject for further study and out of
scope for this document.

e The current focus does not include an exhaustive analysis of associated service flows, for
example, DRM control/signaling, and considers this generally for further study, exceptions
permitting (e.g. channel change by means of Internet Group Management Protocol (IGMP) joins
and leaves).

e At this moment, the consumer domain is considered mainly from a fixed wireline home
environment perspective and no specific consideration is given to Wireless Local Area Network
(WLAN) and mobile environments. Analysis of such environments and the impact of the currently
selected set of QoS metrics are for further study.

e At this time, ATIS IIF only considers video, audio and the synchronization between audio and
video in scope. Synchronization of subtitles with the Audio-Visual (AV) stream, closed captioning,
emergency alerts, and other data/information types related to audio/video are for further study.
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e At this time, ATIS IIF considers availability, usability and correctness of the Interactive Program
Guide (IPG) out of scope and concentrates only on the responsiveness. Note that this document
does not include Linear/Broadcast IPTV with trick modes.

o Measurement methodologies are for further study.

ATIS IIF recognizes that the IPTV VHE and Video Hub and Serving offices (VHO, VSO) may require
specific QoS metrics that could be different than the currently defined set of metric definitions. At this
time, ATIS IIF recommends use of ETSI TR 101.290 [8] Motion Pictures Expert Group (MPEG) metrics
and will consider the study of QoS metrics for this environment for further study.

It is assumed that the ITF at startup, before it reaches the service availability mode, will be involved in a
variety of setup/control communications with any IPTV oriented network/service attachment functions in
the Service Provider (SP)/ Network Provider (NP) networks. At this time, ATIS IIF did not analyze the
traffic in the control plane associated with this action to form any opinion on the need for QoS metrics,
and considers this to be for further study.

ATIS IIF does not assume that only Real Time Protocol (RTP) is used and allows MPEG Transport
Stream (TS) directly over User Datagram Protocol (UDP) configurations. It is understood that when RTP
is not used, this complicates accurate calculation of several metrics including dropped packets. Additional
information/alternatives to calculate such metrics without RTP is for further study. In general,
Transmission Quality metrics refer to IP packets.
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2. Linear/Broadcast IPTV

2.1 Service Description

ATIS-0800002 [1] describes Linear/Broadcast IPTV as corresponding to the classic form of television
offered by cable, terrestrial broadcasters and direct broadcast satellite providers. Satellite is shown only
as an example. Logical domains have been introduced as follows: content provider, service provider,

network provider and consumer. Based on these domains the following depicts the Linear/Broadcast
IPTV service.

[ r—'__—:::=.._

N NN

=)

W g

Figure 1: Linear/Broadcast TV (ATIS-0800002 [1]: Figure 6)

The Linear/ Broadcast IPTV service provides an essentially continuous stream flowing from the content
provider to the ITF (i.e. STB) (Figure 1 shows an example ITF in the form of a STB on top of a TV). The
SP may replicate the stream to multiple NPs using an Internet Protocol (IP) Multicast structure, and the
NPs may replicate the stream for multiple consumer (e.g. home) networks. The SP may provide additional
processing of the video stream e.g. insertion of local content channels, advertising, etc. The service
provider may receive content via satellite or other means. Content is acquired from some source such as
a satellite downlink or land line feed and converted in a continuous stream of packets (see flow 1 in figure
1) for distribution and ultimate display on the TV screen.

Note that this service (and document) does not include Linear/Broadcast IPTV with trick modes.
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2.2 Different Business Models

The Linear/Broadcast IPTV service may be offered in various ways, where one provider could fulfill
multiple roles. Measurements may be restricted by domain. A domain may choose to share a subset (e.g.
in aggregated form) of the amount of information resulting from the measurements. Hence, the business
model may impact how and what can be measured. These business models should be taken into account
when measurements of metrics are recommended.

The first example business model is where there are only distinct roles. Each provider implements one
role.

Content Service Network

Provider Provider Provider

Figure 2: Four Distinct Logical Domains (ATIS-0800002 [1]: Figure 2,)

The second example business model includes a provider that fulfills the service provider, network
provider and content provider roles as follows:

Content
Provider

Service Provider/
Network Provider/
Content Provider

Figure 3: One provider implementing multiple providing roles

In general, the relationship between the domains is one-to-many (e.g. multiple content providers provide
service to a service provider). Within a domain it may be one-to-one or one-to-many.

2.3 Linear/Broadcast IPTV Measurement Points

Figure 4 indicates reference measurement points that will be referenced in section 4.5, as part of the
metric definitions.

This figure is based upon ATIS-0800004 [2] Figure 10. Three new measurement points, D' , v (gamma)
and © (delta) were added.
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3. Use Cases and Service Requirements

As identified in ATIS-0800004 [2], use cases are used here in the analysis of QoS metrics for
Linear/Broadcast IPTV to help define the scope of the service definition. From a service perspective, the
following user-initiated actions can be observed in the Linear/Broadcast IPTV service:

1. A consumer turns on the STB.

A consumer uses the Interactive Program Guide (IPG) and selects an IPTV stream/channel.
A consumer watches an IPTV stream/channel.

A consumer chooses a different channel (channel change).

A consumer turns off the STB or switches to Video On Demand (VOD).

ok wDd

NOTE 1: Turning on/off the STB, and not the TV, is considered the more interesting scenario. At this time
and in this document, the STB is considered to implement the ITF function.

NOTE 2: Based on [2], use case scenarios 2 and 3 were combined into new use case 2.

This section includes service requirements, where applicable and considered in scope for this document,
for the network operator (that has end-to-end control) or set of operators who need to track the
performance of a stream/channel.

The following sections introduce example categories of QoS metrics for each use case. While many
organizations of metrics are possible, at this time this is for further study. One example is to organize the
metrics by speed, accuracy, and dependability requirements per ITU-T recommendation 1.350 [5].

The actual QoS metrics proposed in this document in section 4 are organized by their associated quality
layers (transmission, media quality, transaction and content).

3.1 A consumer turns on the STB

Turning on the STB includes the process of a user clicking on an ‘on’-type button. The time it takes for the
STB to start up and be ready for service consumption is of interest to the consumer. The data traffic is all
in the control plane. Example types of metrics include the boot time needed for the ITF Operating System
(OS) to be ready, and the time it takes before the service application is functionally ready to receive
consumer inputs.

3.2 A consumer uses the IPG and selects an IPTV program/channel

The user will use the IPG, also called EPG (Electronic Program Guide) to select services (e.g. channels)
available to them. It is common that the user utilizes a remote control device to control the navigation
through the EPG. The availability, usability, correctness, responsiveness are some examples of the QoS
metrics or criteria associated with the IPG.

At this time, ATIS IIF considers availability, usability and correctness out of scope and concentrates on
the responsiveness of the IPG. Services to support tracking of the QoE for selecting a channel throughout
the network is needed to determine problems with the creation or routing of a channel to an ITF. IGMP
Join and Leave latency are considered important metrics as they bear on the time to show the new
channel if the system must wait for the old channel to stop before the new channel will be transmitted.
Also, channel changing may be blocked due to DRM and thus a DRM Metric will be tracked in the ITF to
identify loss of service due to this reason.

3.3 A consumer watches an IPTV program/channel

This scenario can be characterized by the viewing/hearing experience of the service consumer. Many
aspects of the service including problems in the video content quality, video transport and IP transport
layer performance can impact video. Example impairments of the video signal include blocking, blurring,
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edge distortion, etc. These impairments may be the result of various elements in the service delivery
architecture. One example is the creation of a video stream to include advertisements (there are several
possible insertion points in the architecture). Also, the audio quality and the synchronization with the
video signal are of importance. The data traffic is all in the data plane and is, in general, uni-directional
(includes only receipt of signal).

At this time, ATIS IIF only considers video, audio and the synchronization between audio and video in
scope. Synchronization of subtitles with the AV stream, closed captioning, emergency alerts, and other
data/information types related to audio/video are for further study.

Analysis of a specific Linear/Broadcast IPTV flow considers the following performance related concerns of
particular interest:
o Time needed in the ITF by the application to process incoming packets and deliver the content to
the MPEG decoder engine. This may also include conditional access / decryption processing.
o The ITF jitter buffer reaches the maximum level of its ability to smooth jitter set point prior to the
forwarding of the video signal to the decoder function.

These metrics and other related ITF client processing delay metrics are for further study.

Several different types of IP and MPEG-TS errors can introduce video impairments. Analysis of
methodologies to specifically identify the type and source of the error will be needed to effectively find a
remedy for service degradation/blocking for channels currently being watched. Example categories of
metrics include: IETF (IPPM WG) [11-20] and ITU-T [6, 7] metrics such as jitter, loss (delay beyond a
threshold), gaps, bursts, IGMP leave latency (if old channel runs concurrent with new channel), DRM that
may block, retransmissions, and ETSI TR 101 290 [8] measurement guidelines for DVB systems that
includes MPEG2-TS Metrics.

3.4 A consumer chooses a different channel (channel change)

The service consumer changes from one channel to another, but stays within the Linear/Broadcast IPTV
service (as opposed to switching to another ATIS IIF IPTV service defined in ATIS-0800002 [1]). Itis
expected there may be some small performance differences depending on the IPTV service that is being
selected, but this is for further study.

Linear/broadcast IPTV is generally supported using multicast transport techniques. The time to receive
the new channel may be influenced by the location of the TV channel in the network, for instance at the
DSLAM or further up in the network provider architecture (which involves one or more IGMP proxies). An
example traffic flow and relevant types of information follows:
o Time between the user action and the transmission of the multicast messages (i.e. leave / join) to
the network.
o Time taken for all network elements to process the multicast requests and the new multicast
stream arrive at the ITF (i.e. ITF join latency and ITF leave latency).
e Time needed in the ITF by the application to process incoming packets and deliver the content to
the MPEG decoder engine.
o The ITF jitter buffer reaches the maximum level of its ability to smooth jitter prior to the forwarding
of the video signal to the decoder function.
e Time required in the ITF for the MPEG decoding process.

As indicated above, these metrics and other related ITF client processing delay metrics are for further
study.

Network oriented QoS metrics related to the switching between channels are considered in scope in this
document. Examples of metrics will include channel change time/delay, IGMP Join, IGMP Leave for
watching network resources.

-12-







DRAFT IPTV Interoperability Forum IIF-WT-014R9

3.5 A consumer turns off the STB or switches to VOD

Turning off the STB includes the process of a user clicking an ‘off-type button. The user should not have
to have any performance concerns in this scenario. Therefore this scenario is mentioned for
completeness only. The data traffic is all in the control plane.

As indicated before, it is expected there may be some small performance differences depending on the
IPTV service that is being switched to, but this is for further study. No metrics are identified at this time.
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4. Linear/Broadcast IPTV Metrics and Measurements

This section defines metrics that satisfy the need for measurement of an end-to-end system based on the
use cases from section 3. This document includes a set of metrics, classified as “Recommended IPTV
Metrics” and “Primary Metrics”, assumed to be universal and useful in all IPTV deployments across
different networks. This is considered a living document as it is expected that additional metrics (and
associated elements) will be defined as the industry and standards mature..

4.1 Defining Ancillary Information

The tables in this document give the definition of individual metrics. These metrics may sometimes be
reported with differing durations, or measurement periods, and accuracies; and they may be reported as
individual values or aggregated statistics to varying reporting intervals. To provide flexibility without
ambiguity, metrics are allowed to be reported as suits the purpose of the Operations Support
System/Business Support System (OSS/BSS) operator, but are then fully defined when combined with
defining ancillary information described here. This is colloquially called “header” information since it may
appear only once in the header of a file containing many instances of metric values. This data may also
reside in a configuration item.

The following applies to all metrics; however, any definitions specifically written in the tables take
precedence over the general defining ancillary information described here. Default values may be
accepted as being defining ancillary information when unambiguous.

Metrics are fully specified when accompanied by the following defining ancillary information:
The name of the metric which this header refers to
Duration of each measurement
Units of the duration (i.e., seconds, count)
Is the metric a single measurement, or a statistic
If the metric is a statistic, then:
What type of statistic (maximum, minimum, average, etc.)
Total number of measurements comprising the statistic

Metrics should be specified with the following defining ancillary information:
Accuracy

Limits (i.e. loss of more than x number of packets is indistinguishable due to sequence number
size)
Start time (Year-Month-Day Hour:Minute:Second)

4.2 Definition of Metric Behavior

e Counters stop incrementing at their maximum value, i.e. a 16 bit counter with a value of 65535
would not be further incremented until it has been reset to zero.

e Proportions are expressed as a binary fraction with the largest expressible proportion being
OxFFFF. For example 0 would be expressed as 0x0000 and 1 as OxFFFF.

e The type is the format for machine level communications and can be used to calculate a
presentation value which is human readable.

e Time periods are bounded by the largest expressible value, for example a 16 bit millisecond
counter with a value of 65535 would represent a value of “65.535 seconds or greater”.
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e Alternate implementations that yield the same values as the implementation in this table are
acceptable.

e Time intervals used for calculating proportions are in seconds. Jitter and delay are reported in
milliseconds.

e Calculations that would divide by zero result in an output equal to zero.
e All metrics refer to a single IPTV stream.

e Mean Opinion Score (MOS) values are expressed as (a binary fraction) multiplied by 4 plus 1;
with the largest expressible proportion being OxFFFF. For example 1 would be expressed as
0x0000 and 5 as OxFFFF. Values can be decimal between 1 and 5, with 5 excellent and 1 bad.

4.3 Definition of Metric Accuracy

e Proportions and counters may suffer from minor inaccuracies or differences due to the definition
of measurement interval/ time and due to the potentially high variable rate of packets within an
IPTV system. In measurements that rely on the 4 bit MPEG Transport continuity count it should
be noted that this can only be used to detect relatively short sequences of lost packets.

e Time delays should be measured with an accuracy of better than +/- 5 milliseconds however in
some measurement points this may not be possible.

o itter levels should be measured with an accuracy of better than +/- 2 milliseconds however in
some measurement points this may not be possible.

o ATIS IIF does not assume that only RTP is used and allows MPEG TS directly over UDP
configurations. The TF understands that when RTP is not used, this complicates accurate
calculation of several metrics including dropped packets. Additional information/alternatives to
calculate such metrics without RTP is for further study. In general, Transmission Quality metrics
refer to IP packets.

4.4 Primary Metrics

The Recommended IPTV metrics (Section 4.5) are based on a set of Primary Metrics. Table 1 describes
these “Primary Metrics” and defines the basic building blocks for Table 2 (if applicable). These metrics
represents basic metrics that could be measured in an end-to-end system. The metric definitions of the
recommended metrics in Table 2 definition may include a set of “Primary Metrics” to propose one
implementation of the metric.

Name Definition Type Read (R)/ Comments
Write (W)
1 Total Packets Total number of | Counter R Packet type is
Received packets received identified in the
ina header.
measurement
interval
2 Total Packets Lost | Total number of | Counter R Does not include
packets lost or discards.

corrupted during
a measurement

interval
3 Total Packets Total number of | Counter R Includes those lost
Discarded packets due to late arrival or
discarded during out of order arrival.

a measurement
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interval

4 Total Bytes Total number of | Counter R
Received bytes received in
a measurement
interval

5 Total Expected Total number of | Counter R
Bytes bytes expected
ina
measurement
interval

6 Total Expected Total number of | Counter R Packet type is
Packets packets identified in the
expected in a header.
measurement
interval

7 Out-of Order Number of Counter R See [20].
Packets packets out of
orderin a
measurement
interval

8 Gap Count Number of gaps | Counter R See [19]
ina
measurement
interval. A gap is
measured as an
interval between
two bursts.

9 Gap Loss Number of Counter R See [19]
packets lost
during a gap

10 Gap Length Number of Counter R See [19]
expected
packets during
gapsina
measurement
interval

11 Burst Count Number of Counter R See [19]
bursts in a
measurement
interval. Burst is
measured in a
sliding window
where more than
one packet is
lost.

12 Burst Loss Number of Counter R See [19]
packets lost
during bursts for
a given
measurement
interval.

13 Burst Length Number of Counter R See [19]
expected
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packets during a
burst periods for
a measurement
interval

14

Burst Bytes
Length

Number of
expected bytes
during a burst
periods for a
given
measurement
interval

Counter

See [19]

15

Gmin Threshold

Minimum
number of
packets that
must be
received before
and after a lost
packet for the
lost packet to be
classified in a

gap

Counter

See [19]

16

MPEG2-TS PSI
Error Threshold

Time when the
PSI tables
expected
receive time is
exceeded

Time
Measure
milliseconds

Default value is 500
milliseconds and is
used to increment a
counter rather than an
event as defined in [8].

17

MPEG2-TS Total
Bytes per PID

Total number of
bytes in an
MPEG TS PID
for a given
measurement
interval

Counter

See [8]

18

MPEG2-TS
Presentation Time
Stamp (PTS) Error
Threshold

Units of
milliseconds
when the
interval between
presentation
time stamps
expected
receive time is
exceeded

Time
Measure
milliseconds

See [8]

19

Total Bytes per
IPTV
program/channel

Total number of
bytes in an IPTV
program/channel
for a given
measurement
interval

Counter

20

Measurement
Interval

Measurement
window time
period

Time
Measure
Seconds

21

Report Interval

Time to compile
an array of QoS
metrics to be

Time
Measure
Seconds
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reported

22 Sampling Interval | Interval of time Time w
at the end of Measure
which value of a | Seconds
variable is
calculated

23 Loss Period Threshold for Counter w See [15].
Threshold minimum
consecutive lost
packet(s)

24 Loss Distance Maximum Counter w See [15].
Threshold consecutive
packets received
between two
“Loss Periods”

Table 1: Primary Metrics

4.5 Recommended IPTV metrics
This section contains ATIS IIF recommended Metrics for IPTV Broadcast service. These metrics are all
read-only. They are organized by the quality layers defined in ATIS-0800004 [2]: Transmission Quality,
Media Stream Quality, Content Quality, and Transaction Quality.

QoS Parameters QoE Indicators
3 ] h

IPTV Quality Layers Metric

Service accessibility,
Channel Change latency
- Fause, Play Latency

IPTV QoS

Application
Qos

Content Quality

Network
QoS

Media Stream
Quality

Transmission

Guality

Metric

Metric
Metric
Metric
Metric
Metric

Color Errors, Blurring,
Edge Busyness, Temporal
Edge Moi==, Spatid Edge
Moise, Error Blocks,
Sme=ring, Jerkiness

Audio: Lip sync, drop
outs

Block Distortion
Scene Cut Response

Figure 5: Classifying Quality Layers, QoS parameters and QoE Indicators (ATIS-080004 [2]: Figure

7)
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This organization can be helpful in viewing the instrumentation methodology to be employed in a given
network and at particular measurement points. Section 2.5 of ATIS-0800004 [2] provides additional detail
related to the above model and is included herein by reference. It should also be noted that the
“Measurement Points” column defines the transmission layer points according to the overall quality
model. As one moves down through the table, metrics at the higher layers are defined. However, for
simplicity, the same transmission points are indicated to denote physical place or point in the network.
This is not to mean that the layer specific measurement point names are removed or are of no value.
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No Name

Definition

Units

Type

Measureme

Comments (incl.

binary fraction of
the Total
Packets Lost
divided by Total
Packets
Expected for a
given
Measurement
Interval.

See [22].

nt Points justification/usefulnes
s of the metric)
Transmission Quality

1 RTP Packet | Proportion of Proportion | Unsigned 16 All This metric affects the
Loss Rate RTP packets bit integer transmission | ability of a consumer
before Error | lostin the MPs: A, A", watching an IPTV
Correction network or B,B", C,C, program/channel
(EC) discarded by D,DE,F without EC.

Layer 1 or 2,

expressed as a .

binary fraction of Types of EC include
Forward Error

the Total Correction (FEC) and

Packets Lost Automatic Repeat

divided by Total reQuest (ARQ)

Packets '

Expected for a

given Indicator of network

Measurement errors

Interval.

See [22].

2 RTP Packet | Packet loss rate | Proportion | Unsigned 16 All This metric affects the
Loss Rate after correction bit integer transmission | ability of a consumer
after EC by FEC or MPs: A, A", watching an IPTV

retransmission B,B", C,C', | program/channel and if
expressed as a D,D"E,F EC needs to be

adjusted to up the QoE.

Applicable only if
forward error correction
or retransmissions or
both are used.

Measures the
effectiveness of FEC/
ARQ mechanisms.
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

3 RTP Packet | Proportion of Proportion | Unsigned 16 All This metric affects the
Discard RTP packets bit integer transmission | ability of the consumer
Rate discarded due to MPs: A, A", | watching the IPTV

late arrival B,B", C,C", Channel/Program.
expressed as a D,D"E,F
:)r:nary fraction of Indicates proportion of
e Total
Packets packets tha!t are
Discarded unusable either due to
divi late arrival or arrival out
ivided by the
Total Packets of sequence (for
Expected for a decoders that cannot
given re-sequence packets).
Measurement Thg def|n|t|on of late
Interval arrival is system
' specific and will depend
See [19, 22] on playout buffer
configuration.
Identifies error events
other than packet loss
that would affect QoE.

4 Out of Order | Proportion of (IP | Proportion | Unsigned 16 All This metric affects the
Packet Rate | or RTP) packets bit integer transmission | ability of the consumer

arriving out of MPs: A, A1, watching the IPTV

order, B,B", C,C', | Channel/Program.

expressed as a D,DE,F

Jl[or:nary fraction of Indicates proportion of
e Total .

Packets Out of packets that arrive out

Order divided by of order.

the Total

Packets Indicates network

Expected for a condition and some

given video decoders discard

Measurement out of order packets.

Interval.

See [20].

5 RTP Burst Proportion of Proportion | Unsigned 16 All This metric affects the
Loss Rate packets lost bit integer transmission | ability of the consumer
before EC within (sparse) MPs: A, A, watching the IPTV

burst expressed B,B',C, C, Channel/Program.

as a binary D,D"E,F

ireapit;}c;r; nted by Loss distribu'tion before

the Burst Loss error correction.

divided by Burst

Counter. Indicates how severe

See [19, 22]. transient loss conditions
were. Useful for
configuration of FEC
and retransmission.
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

6 RTP Burst Length of Counter Unsigned 32 All This metric affects the
Length (sparse) burst bit integer transmission | ability of the consumer
before EC periods (see MPs: A, A", | watching the IPTV

table 1 Burst B,B' C,C", | Channel/Program.

Length). D,DE,F

See [19, 22] Loss distribution before
EC.
Indicates how severe
transient loss conditions
were. Useful for
configuration of FEC
and retransmission.

7 RTP Gap Proportion of Proportion | Unsigned 16 All This metric affects the
Loss Rate packets lost bit integer transmission | ability of the consumer
before EC within gap MPs: A, A", watching the IPTV

periods B,B',C, C, Channel/Program.

represented by D,D'E,F

the Gap Loss P

divided by Total Loss d|str|bu't|on before

Packets error correction.

Expected in the

gap period. Indicates loss

See [19, 22] conditions during good
quality periods.

8 Mean RTP The mean Proportion | Unsigned 16 All This metric affects the
Gap Length | length of gaps bit integer transmission | ability of the consumer
before EC between bursts MPs: A, A', watching the IPTV

(see table 1 Gap B,B", C,C', | Channel/Program.

Length) in a D,D" E,F

Measurement o

Interval. Loss dlstrlbu_tlon before
error correction.

See [19, 22].
Indicates loss
conditions during good
quality periods.

9 RTP Burst Proportion of Proportion | Unsigned 16 All This metric affects the
Loss Rate packets lost bit integer transmission | ability of the consumer
after EC within (sparse) MPs: A, A, watching the IPTV

burst periods B,B", C,C', | Channel/Program.
represented by D, D1, E, F
the Burst Loss .
divided by Burst Combined loss and
discard distribution after
Length. .
error correction.
See [19, 22].
Indicates the severity of
transient problems
affecting video quality.
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

10 | Mean RTP Mean length of Proportion | Unsigned 16 All This metric affects the
Burst (sparse) burst bit integer transmission | ability of the consumer
Length after | periods (see MPs: A, A, watching the IPTV
EC table 1 Burst B,B", C,C", Channel/Program.

Length). D,D\EF Indicates the severity of

See [19, 22] transient problems
affecting video quality.

11 | RTP Gap Proportion of Proportion | Unsigned 16 All This metric affects the
Loss Rate packets lost bit integer transmission | ability of the consumer
after EC within gap MPs: A, A", watching the IPTV

periods B,B',C, C, Channel/Program.

represented by D,D"E,F

the Gap Loss .

divided by Total ggcr:nabrlc? ?j?s{?itsait?gr? after

Packets .

Expected in the error correction.

gap period.

See [19, 22] Indicates minor
problems during good
periods.

12 | Mean RTP The mean Proportion | Unsigned 16 All This metric affects the
Gap Length | length of gaps bit integer transmission | ability of the consumer
After EC between bursts MPs: A, A", watching the IPTV

(see table 1 Gap B,B", C,C', | Channel/Program.

Length)in a D,DE,F

m;eeartglrement C_ombine<_:i Iqss and

! discard distribution after

See [19, 22] error correction.

Indicates minor
problems during good
periods.
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)
13 | Smoothing Delay variation Time Unsigned 32 At This metric affects the
Jitter due to deliberate bit transmission | ability of the consumer
smoothing of the milliseconds. MPs: A, A", watching the IPTV
(IP or RTP) B,B", C,C" | Channel/Program.
packet flow in a D,D", E,F
sampling .
interval. In [22] it pansportjtter.
is referred to as easurea mostly e
| Constant Bit Rate
peak smoothing .
Packet to (CBR) enwro_nment._ At
Packet Delay ot avatabie then
Variation (PDV). Program Clock Rate
(PCR) may be used.
Indicates the scale of
delay variations at the
endpoint that are not
due to network
congestion.

14 | Peak Packet | IP or RTP Time Unsigned 32 All This metric affects the
to Packet Packet to bit transmission | ability of the consumer
Delay Packet Delay milliseconds. MPs: A, A, watching the IPTV
Variation Variation in a B,B", C,C", Channel/Program.
(PPDV) sampling D,D"E,F

interval. Indicates the scale of
delay variations at the
endpoint that are due to
network congestion.
Indicates Instantaneous
network jitter
See [18].

15 | RTP Loss The count of the | Counter Unsigned 16 All This affects the ability
Period number of times bit integer transmission | to watch a channel.
Count the loss period MPs: A, A", Indicates the frequency

exceeded the B,B", C,C', | of very severe loss

Loss Period D,D.E,F conditions where the

Threshold as video screen will go

defined in Table blank.

1. See [15]. Useful for setting EC
parameters
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

16 | RTP Loss The count of Counter Unsigned 16 All This affects the ability
Distance times the bit integer transmission | to watch a channel.
Count number of MPs: A, A", Indicates the frequency

received RTP B,B', C,C", | of conditions where the

packets D, D1, E,F video will flicker due
between excess loss of screen from
loss events is excess loss and then
less than the receiving enough
excess Loss packets to recover the

Distance screen.

Threshold as Useful for setting EC

defined in Table parameters

1. See [15].

17 | RTP Minimum Counter Unsigned 16 All This metric is used for
Minimum number of RTP bit integer transmission | the watching of a
Loss packets MPs: A, A, program. It will report
Distance between excess B,B',C,C, the minimum time

loss events D,D" E,F between holes and can

See [15] be used to determine if
the ITF was able to
recover and display the
channel to the
consumer.

Useful for setting EC
parameters

18 | RTP Maximum Counter Unsigned 16 All This metric is used for
Maximum number of RTP bit integer transmission | the watching of a
Loss Period | packets in an MPs: A, A", program. It will report

excess loss B,B', C,C", | the maximum time a

event (max hole D,D',E,F screen will freeze or go

size) blank.

See [15] Useful for setting EC
parameters

19 | Packet Number of Counter Unsigned 16 All This metric will help
Retransmiss | retransmitted bit integer transmission | viewing reliability where
ions RTP/UDP MPs: A, A1, retransmissions

packets in a B,B',C,C', | indicate a lost

Measurement D,D"E,F packet(s).

Interval Indicates error
conditions and
bandwidth usage.

Media Stream Quality

20 | MPEG2-TS | Count of loss of | Counter Unsigned 32 All This metric affects the
Sync Loss synchronization bit long transmission | ability of the consumer
Count events at MPEG MPs: A, A", watching the IPTV

transport layer B,B", C,C', | Channel/Program.

See [8]. D,D"E,F
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

21 | MPEG2-TS | Count of Invalid | Counter Unsigned 32 All This metric affects the
Sync Byte MPEG transport bit long transmission | ability of the consumer
Error Count | sync byte MPs: A, A, watching the IPTV

indications. B, B11, c,C' Channel/Program.

See [8]. D.D.EF This affects the
watching ability by the
viewer.

22 | MPEG2-TS | Count of Counter Unsigned 32 All This metric affects the
Continuity incorrect packet bit long transmissi1on ability of the consumer
Count Error | order, duplicate MPs: A, A, watching the IPTV
Count packet or lost B, B11, c,c' Channel/Program.

packet events at D,D,E,F This affects both the
MPEG transport channel changing and
layer on a per watching ability of the
PID basis viewer.

See [8].

23 | MPEG2-TS | Count of PID Counter Unsigned 32 All This metric affects the
PID Error error bit long transmission | ability of the consumer
Count occurrences MPs: A, A", watching the IPTV

defined as: PID B, B11, C,C', | Channel/Program.
does not occur D,D,E,F | This affects both the
for user channel changing and
specified time watching ability of the
period. viewer.

See [8].

24 | MPEG2-TS | Sum of Counter Unsigned 32 All This affects both the
Program PAT error, bit long transmissi1on channel changing and
information | PNIT eror. and 8.5, C.C |viewer
(PSI) error PMT_error2 as D,DE,F Indicates if MPEG
Count defined in [8] for stream association

each occuring table elements are
eventin a missing or errored.
Sampling Reports an error if any
|“te"V5(‘j| tht of several conditions is
exceedas the in error.

MPEG2-TS PSI

Error Threshold

(see Table 1),
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

Content Quality

25 | MOS-V Video MOS, MOS Unsigned 16 All This metric is provided
score that (number bit integer transmission | for the viewing (without
estimates the from 1 to MPs: A, A", sound) of a program. It
user-perceived 5) B,B' C,C', is used to provide a
picture quality. D,DE,F scoring that can be
Ranges from 5 used in other network
(Excellent) to 1 types.

(Bad)1. Depends on source

See [22] quality, image
resolution, encoding,
codecs, transmission,
and error concealment

26 | MOS-A Audio MOS, a 1- | MOS Unsigned 16 All This metric is provided
5 score that (number bit integer transmission | for the listening of a
estimates the from 1 to MPs: A, A", program. It is used to
user-perceived 5) B,B", C,C', | provide a scoring that
audio quality D, D1, E, F can be used in other
Ranges from 5 network types.
(Excellent) to 1 Depends on source
(Bad). quality, audio quality,
(See same encoding, codecs,
footnote as transmission, and error
MOS-V). concealment.

See [22]

27 | MOS-AV Audio-Video MOS Unsigned 16 All This metric is provided
MOS -a 1-5 (number bit integer transmission | for the watching of a
score that from 1 to MPs: A, A1, program. It is used to
estimates 5) B,B", C,C', | provide a scoring that
combined D, D1, E, F can be used in other
picture & audio network types.
quality and Depends on source
synchronization. quality, image
Ranges from 5 resolution, audio
(Excellent) to 1 quality, AV
(Bad). synchronization (i.e. lip
(See same synch), encoding,
footnote as codecs, transmission,
MOS-V). and error concealment
See [22]

! Algorithms used to estimate this metric are for further study by ATIS IIF.
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

28 | MPEG2-TS | Bandwidth per Bit rate Unsigned 32 All This metric will report
Per PID PID, excluding bit long transmission | bitrate of all PIDs to
bandwidth IP overhead Bits per MPs1: A, A1% help identify congestion

= (Total Bytes second (bps) B, B1, C,C’, | and packet loss related

per PID)*8/ D,D,E,F to a MPEG Elementary

(Sampling Stream (ES).

Interval) Indicates error
conditions and
bandwidth usage.

29 | Program/ch | Total bandwidth | Bitrate Unsigned 32 All This metric will ensure
annel of IPTV bit long transmission | channel watching is
Bandwidth program/channe Bits per MPs: A, A", available and that

|, including RTP, second (bps) | B:B',C,C', | program channel does

UDP and IP D,D"E,F not cause congestion

overhead. and packet loss.

Excludes FEC in

separate .

U o capahy

retransmissions

= (Total Bytes

per

program/channe

1)*8/ (Sampling

Interval)

30 | MPEG2-TS | PCRjitterlevel. | Time Unsigned 32 All This metric will identify
PCR Jitter See [8]. bit transmission | moments when channel

milliseconds MPs: A, A', selection and watching
B,B", C,C", | will not be possible due
D,D"E,F to mis-alignment of the
PCR clock due to PCR
jitter.
MPEG system metric,
but timing resolution is
different.
Millisecond resolution
recommended

31 | MPEG2-TS | Addition of PCR | Counter Unsigned 32 All This metric will identify
PCR Error, PCR bit, long transmission | moments when channel
Failures Repetition Error, MPs: A, A", selection and watching
Count and PCR B,B',C,C, will not be possible due

Discontinuity D,DE,F to lack of PCR timing

Indicator Error information to keep the

counts in a PCR clock in alignment.

Sampling Overall indication of

Interval PCR error types
See [8]
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)
32 | ITF buffer Total number of | Counter Unsigned 16 Transmission | This metric will report
overruns times the bit integer measuremen | when the consumer
receive jitter t point F screen will flicker or
buffer has freeze.
overrun for this Buffer overflow in [21].
program/channe
I
33 | ITF buffer Total number of | Counter Unsigned 16 Transmission | This metric will report
underruns times the bit integer measuremen | when the consumer
receive jitter t point F screen will flicker or
buffer has freeze.
underrun for this Buffer exhaust in [21].
program/channe
I
34 | AV Synch The difference in | Time Unsigned 16 Transmission | The metric identifies
playout time bit, measuremen | when the watching of a
between audio milliseconds t point F channel is impaired by
and video misaligned video and
streams. audio presentation.
See [3]. Also referred to as “Lip
Synch”
May be difficult to
calculate, estimated
value acceptable
35 | MPEG2-TS | The number of Proportion | Unsigned 16 Content Other measurement
Proportion impaired | bit integer quality points are possible in
of | frames frames or slices measuremen | support of diagnostics.
or slices divided by the t point 7
impaired total number of |
frames or slices
received
36 | MPEG2-TS | The number of Proportion | Unsigned 16 Content Other measurement
Proportion impaired P and bit integer quality points are possible in
of Pand B B frames or measuremen | support of diagnostics.
frames or slices divided by t point 7
slices the total number
impaired of Pand B
frames or slices
received
37 | MPEG2-TS | The number of Proportion | Unsigned 16 Content Other measurement
Packet loss | lost and bit integer quality points are possible in
rate within | | discarded measuremen | support of diagnostics.
frames packets divided t point 7
by the total
number of
packets

expected within |
frames
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

38 | MPEG2-TS | The number of Proportion | Unsigned 16 Content Other measurement
Packet loss | lost and bit integer quality points are possible in
rate within P | discarded measuremen | support of diagnostics.
and B packets divided t point 7
frames by the total

number of
packets
expected within
P and B frames
Transaction Quality

39 | IGMP Join Elapsed time Time Unsigned 16 Transmission | This affects the user

Latency from IGMP join bit, measuremen | experience at times that
message milliseconds t points: D, the user chooses and
transmission to D', E, F. changes to another
receipt of first channel.
video packet of Other measurement
target media points are possible in
stream. support of diagnostics.

40 | IGMP Leave | Elapsed time Time Unsigned 16 Transmission | This affects the user
Latency from IGMP bit, measuremen | experience at times that

leave message milliseconds t points: D, the user chooses and
transmission to D' E, F. changes to another
receipt of last channel.

video packet of Other measurement
target media points are possible in
stream. support of diagnostics.

41 | Channel Elapsed time Time Unsigned 16 Transmission | This affects the user
Change from the time an bit, measuremen | experience at times the
Delay ITF requests a milliseconds t point: F user chooses and

different channel changes to another

to the time video channel.

is fully rendered Other measurement
on the display points are possible in
screen support of diagnostics.

42 | DRM Error Number of Counter Unsigned 16 Transmission | The metric will help with

distinct service- bit, integer measuremen | channel changing and
affecting failure t point: F watching of a program

events of the
DRM system

that is stopped because
of the DRM system.

Counts discrete failure
events of the DRM
system, creates
visibility of DRM faults
that are likely to affect
service
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No Name Definition Units Type Measureme Comments (incl.
nt Points justification/usefulnes
s of the metric)

43 | MPEG2-TS | Service_Impair Counter Unsigned 16 All This metric will identify
Service ments_Error bit integer transmission | moments when channel
Impairments | gee [8], section MPs: A, A", selection and watching
Error 553 B, B11, C,C", | may be impaired.

D.D.EF Number of occurrences
when MPEG service is
available but impaired

44 | IPG The elapsed Time Unsigned 16 Transaction Affects the speed at
Transaction | time from when bit, points Alpha | which program guide
Delay the IPG client in milliseconds and Beta screens are updated, if

the ITF requests the ITF is not able to
IPG (service) cache the information.
data from the

transaction

server to the

time itis

received.

45 | ITF OS Boot | The elapsed Time Unsigned 32 Transmission | Threshold values may

Time time from when bit, measuremen | be appropriate for these
the ITF power is milliseconds t point: F metrics.
turned on until
the operating
system is ready.

46 | ITF Service | The elapsed Time Unsigned 32 Transmission | ITF initialization

Boot Time time from when bit, measuremen | involves a series of
the OS is milliseconds t point: F authorization,
functional until discovery, and other
the service transactions, this metric
application helps identify problems
screen is viewed in this chain. Threshold
and the ITF is values may be
online and ready appropriate for these
for subscriber metrics.
input with
service
availability.

Table 2: Recommended IPTV Metrics
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5.0 Terminology

5.1 Glossary

Use Case

Measurement Instrumentation

Quality of Experience (QoE)

Quality of Experience (QoOE)
Indicators

Quality of Service (QoS) Metrics

5.2 Acronyms

ARQ  Automatic Repeat reQuest
AV Audio Visual

BSS Business Support System
CBR Constant Bit Rate

DRM  Digital Rights Management
DSL Digital Subscriber Line

A use case is an external view of a system that represents an
action or sequence of actions the user might perform in order to
complete a task.

Measurement instrumentation refers to the ability of a device to
support appropriate measurements. This device or equipment
may be a dedicated measurement system or a device or
equipment that is involved in the end-to-end IPTV service
delivery, such as an ITF.

Describes the user’s experience. QoE can be broadly grouped:
i.e., picture QoE, transaction QoE, audio QoE, and multimedia
QoE. QoE may be calculated or estimated numerically using sets
of QoE indicators and/or QoS metrics.

Individual performance indicators that can be experienced by a
user. Include video indicators such as picture error blocks,
transaction indicators such as channel change delay, audio
indicators, and multimedia indicators.

Measures of technical performance. Includes network QoS
metrics such as packet loss and application QoS metrics such as
VoD server errors.

DVB Digital Video Broadcasting (project)
EC Error Correction (FEC or retransmission)

EPG Electronic Program Guide
ES Elementary Stream (MPEG)

ETSI  European Telecommunications Standards Institute

FEC Forward Error Control

IETF  Internet Engineering Task Force
IGMP  Internet Group Management Protocol

IF IPTV Interoperability Forum
IPG Interactive Program Guide

IPPM  IETF — IP Performance Metrics — Working Group

IPTV Internet Protocol Tele-Vision
ITF IPTV Terminal Function

ITU-T International Telecommunication Union — Telecommunication Standardization Sector

kbps  kilobits per second

MOS  Mean Opinion Score

MP Measurement Point

MPEG Motion Picture Experts Group
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NP Network Provider

(O] Operating System

(ORI Operations Support System

PCR Program Clock Rate (MPEG TS)

PDV Packet to Packet Delay Variation

PID Program Identifier (MPEG TS)

PPDV Peak Packet to Packet Delay Variation
PSI Program Specific Information (MPEG TS)
PTS Presentation Time Stamp (MPEG TS)
QoE Quality of Experience

QoS Quality of Service

QoSM Quality of Service Metrics

RFC Request For Comments (IETF documents)
RTP Real-Time Protocol

SP Service Provider

STB Set Top Box

UDP User Datagram Protocol

VHE Video Head End

VHO  Video Hub Office

VOD  Video On Demand

VSO  Video Serving Office

WLAN Wireless Local Area Network

6.0 References

6.1 Normative References

The following standards contain provisions that, through reference in this text, constitute provisions of this
report. At the time of publication, the editions indicated were valid. All standards are subject to revision,
and parties to agreements based on this standard are encouraged to investigate the possibility of
applying the most recent editions of the standards indicated below.

ATIS:
[11  ATIS-0800002, “IPTV Architecture Requirements”, ATIS-IIF, May 16, 2006

[2] ATIS-0800004, “A Framework for QoS Metrics and Measurements supporting IPTV Services 7,
ATIS-IIF, October, 2006

ITU:
[3] ITU-R BT1359-1,"Relative timing of sound and vision for broadcasting”, November 1998
[4] ITU-T G.1020 “SERIES G: Transmission systems and media, digital systems and networks:
Performance parameter definitions for the quality of speech and other voice band applications

utilizing IP networks”

[5] ITU-T Recommendation 1.350, “SERIES I: Integrated Services Digital Network: General aspects
of quality of service and network performance in digital networks, including ISDNs, March 1993
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(6]

(7]

ITU-T Recommendation Y.1540, “SERIES Y: Global information infrastructure and Internet
protocol aspects: Internet protocol data communication service, IP packet transfer and availability
performance parameters,” December 2002

ITU-T Recommendation Y.1541, “SERIES Y: Global information infrastructure and Internet
protocol aspects: Internet protocol data communication service, Network performance objectives
for IP-based services®, February 2006

ETSI:
[8] ETSI TR 101 290 v1.2.1, “Digital Video Broadcast (DVB); Measurement Guidelines for DVB
Systems”
DSL Forum:
[9] DSL Forum TR-98, “DSLHome™ Gateway Device Version 1.1 Data Model for TR-069”
September 2005
[10] DSL Forum TR-126, “Triple-Play Services Quality of Experience (QoE) Requirements”,
December 2006
IETF:
[11] RFC 2330, “Framework for IP Performance Metrics”, May 1998
[12] RFC 2679 “A One-way Delay Metric for IPPM”, September 1999
[13] RFC 2678, “IPPM Metrics for Measuring Connectivity”, September 1999
[14] RFC 2680, “A One-way Packet Loss Metric for IPPM”, September 1999
[15] RFC 3357, “One-way Loss Pattern Sample Metrics”, August 2002
[16] RFC 3393, “IP Packet Delay Variation Metric for IP Performance Metrics (IPPM)”, November
2002
[17] RFC 3432, “Network Performance Measurements with Periodic Streams”, November 2002
[18] RFC 3550, “RTP: A Transport Protocol for Real-Time Applications”, July 2003
[19] RFC 3611, “RTP Control Protocol Extended Reports (RTCP XR)”, November 2003
[20] RFC 4737, “Packet Reordering Metrics”, November 2006

6.2 Informative Reference
The following drafts contain provisions that, through reference in this text, constitute provisions of this

report.

At the time of publication, the editions are indicated as working text. All drafts are subject to

revision, and parties to agreements based on this draft are encouraged to investigate the possibility of
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applying the most recent editions of the draft or if standardized then move it to normative reference
section.

DSL Forum:
[21] DSL Forum WT-135, “Data Model for a TR-069 Enabled STB”

IETF:

[22] |ETF Draft “RTCP XR - IP Video Metrics Report Blocks”, http://tools.ietf.org/id/draft-clark-avt-

ricpxr-video-02.txt
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1, Introduction


Monitoring points have been addressed in the working document – Performance Monitoring for IPTV. This contribution proposes the position and functions of network measurement unit based on the requirements of both monitoring points and overlay measurement. The network measurement unit not only supports the network performance measurement function of current monitoring points, but also effectively enables the overlay measurement by measuring the network performance between the overlay nodes.


2, Discussion


Requirements of Overlay Measurement


In applications such as IPTV overlay multicast, the overlay path is constructed between overlay nodes in the application layer to perform overlay functions. In order to ensure high network performance of the overlay, overlay measurement needs to be carried out to measure the network performance, e.g. bandwidth, packet loss between overlay nodes such that the appropriate overlay path is selected.


On the other hand, overlay measurement can be used by the service providers to monitor the network performance of the delivered applications to help ensure QoS to the end users. For example, if the network performance of an overlay path is poor, another overlay path may be constructed to guarantee good service quality to the end users.


Network Measurement Unit


Network measurement unit is deployed in the network layer to implement the function of network performance measurement. Network measurement unit utilizes the capability of network performance measurement of some existing network aggregation point, e.g. BRAS and, hence, can achieve the measurement function of PT3 and/or PT4 (see Figure 1 in Section 6).


Network measurement unit resides on, or corresponds with one or more network aggregation points to measure the network performance between the network nodes managed by the network aggregation points. For example, in Figure 1, network measurement unit M1 corresponds with network aggregation point N1 managing network nodes U1 and U2, while network measurement unit M2 corresponds with network aggregation point N2 managing network nodes U3 and U4. M1 can measure the network performance between U1 and N1, U2 and N1. M2 can measure the network performance between U3 and N2, U4 and N2. Furthermore, network measurement unit can measure the network performance between different network aggregation points. In Figure 1, both M1 and M2 can measure the network performance between N1 and N2.



[image: image1]

Figure 1, Network measurement unit


The functions of network measurement unit can include receiving function, measurement function and forwarding function. Receiving function receives the network measurement command and forwards the command to measurement function. Measurement function gets the network measurement result by calling the network aggregation point to perform network measurement and forwards the result to forwarding function. Forwarding function sends the network measurement result as the feedback of network measurement command.


Overlay Measurement


Network measurement unit effectively enables the overlay measurement by measuring the network performance between the overlay nodes. In order to discover the network measurement units responsible for the overlay nodes to be measured, the relation among the network measurement unit, network aggregation point and network node can be maintained by some measurement units in a measurement overlay. Overlay measurement can be performed as:


(1) Overlay initially discovers that the measurement units (e.g. K1 and K2 in Figure 2) manage the information of the network nodes (e.g. U1 and U3 in Figure 2) and instructs the measurement units to measure the network performance between the network nodes.


(2) Measurement units further discover that the network measurement units (e.g. M1 and M2 in Figure 2) corresponding with the network aggregation points (e.g. N1 and N2 in Figure 2) manage the network nodes and send the measurement commands to the network measurement units.


(3) Network aggregation points are further called by the network measurement units to measure the network performance between the network aggregation points and network nodes (e.g. U1 and N1, N1 and N2, U3 and N2 in Figure 2).


(4) Finally, the measurement results are collected and reported to the measurement units by the network measurement units.


(5) The measurement units eventually calculate the network performance between the network nodes and give the feedback to the overlay.



[image: image2]

Figure 2, Overlay measurement


3, Proposal


We think the above discussion is helpful to enhance the network performance monitor, especially when constructing overlay multicast applications. It is proposed to add the above section “Requirements of Overlay Measurement”, “Network Measurement Unit” and “Overlay Measurement” to Section 6 of “Performance Monitoring for IPTV” as Section 6.6, Section 6.7 and Section 6.8, respectively.
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