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Internet Protocol Television (IPTV)Assuring IPTV QoE from the Headend to the Home
 Jim WilkeyJDSU Customer Solutions Organization (CSO)November 2008
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 Agenda
 High Level Architecture– Transition from Traditional Broadcast to IPTV
 – Primary Components
 – Technologies
 Assuring IPTV QoE from Headend to the Home– IPTV Delivery Challenges
 – IPTV Headend to Home Troubleshooting
 – IPTV Business Solution
 – Monitoring Headend to the Home
 Test Demarcation Points– Encoder (Pre-AServer)
 – Core Network (AServer to DServer)
 – Access Network (Post-DServer)
 Test and Measurement– Transport Stream Analysis
 – Remote Program Monitoring
 – MPEG Protocol Analysis
 – Home RG/STB Monitoring
 Evolution
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 Transition from Traditional Broadcast to IPTV
 As opposed to traditional broadcast television where every home receives the same programming…
 IPTV allows each consumer to customize their viewing schedule.
 Internet Protocol Television (IPTV) is a new method of delivering and viewing television programming using an IP network and high speed broadband (xDSL) access technology.
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 High Level Architecture & System Components
 Encoder– Real-Time Hardware Encoder: VC-1,
 H.264, MPEG-2 VOD Server
 – Serves video on demand to STB STB (Set-Top Box)
 – Client device Residential Gateway (RG)
 AServer (Acquisition Server)– Acquires Video Stream– Creates PIPs as required– Encrypts and Encapsulates video streams into RTP (Real-Time
 Protocol)– Multicasts or Unicasts services to DServers and Set-Top Boxes
 (STB)
 DServer (Distribution Server)– Unicasts video Streams (Real-Time Protocol Streams)– Maintains a buffer of video streams– Enables fulfillment of loss packet requests from clients using RUDP
 (Reliable UDP)– Enables Instance Channel Change (ICC)
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 IPTV Example Architecture – AT&T U-verse TV
 A simplified architecture of AT&T’s Project Lightspeed.
 Fiber to the Neighborhood and delivering content over ADSL to the home.
 How AT&T U-verse TV is DeliveredAT&T is using a two-way switched Internet Protocol (IP) - video distribution system, in
 which only the content the customer requests is provided to the customer, freeing up bandwidth to be used for other applications.
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Assuring IPTV QoE - From Headend to the Home IPTV Delivery Challenges IPTV Headend to the Home Troubleshooting IPTV Business Solution Monitoring Headend to the Home Major Trend driving IPTV Deployment Complex Challenges to deliver IPTV Solutions
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 xDSL Transport is the ‘Thin Pipe’ – Drives multicast architecture – switching in network – Necessitates strict policy management– Mandates highest sustainable loop performance
 IP Switching plus xDSL Drives Error Compensation– one bit error 12k missing information bits – xDSL and home links inherently error prone– Driving need for error compensation – FEC or packet retransmit
 Higher Quality of Experience (QOE) with Lower Costs– Complex interactions from headend to home– Service level visibility needed to efficiently isolate troubles– Proactive solutions that maximize QOE, avoid troubles &
 reduce capital
 IPTV Delivery Challenges
 Challenges for Service Delivery Infrastructure Challenges for Service Delivery Infrastructure
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 IPTV Headend to Home Troubleshooting
 ~5-10% of Problem~5-10% of Problem Video Head EndVideo Head End
 ~5-10% of Problem~5-10% of Problem TransportTransport
 ~10% of Problems~10% of Problems Network TransitionNetwork Transition
 ~25% of Problems~25% of ProblemsAggregation/Aggregation/
 Last MileLast Mile
 ~50% of Problems~50% of ProblemsHomeHome
 Poor content quality from video provider
 Incorrect PID mappings or data table mappings from video source
 Transcoding Lip Sync Issues
 Transcoding bandwidth mis- configuration
 ANY Packet Loss
 Error Correction Performance
 Mis-provisioning
 Mistakes here are catastrophic
 VoIP Signaling
 VOD Server Capacity
 VOD Service Availability
 Ad Insertion
 Local Channel Feed is errored
 Subscriber Management
 Error Correction & Channel Fill Capacity
 Mis-provisioned Network
 PIM/IGMP Multicast Performance
 Policy Management/ Over Subscription
 Error Correction/ Channel Fill Capacity
 Loop Performance/ Stability, Noise & Impulse
 Impulse Events
 RG, STB, ATA Performance
 Security/ Authentication/ Policy Management
 Home Link CCat3/5, MoCA, HPNA) Performance
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 IPTV Business Solution
 Need IPTV Service Assurance Solution That:Need IPTV Service Assurance Solution That:
 Can Provide End-to-End view – From the Headend to the Home– Quickly isolate root cause
 Can Identify & Troubleshoot Issues Before they Affect the Customer– Is real-time to detect & troubleshoot issues early
 Combines Performance, Troubleshooting and SLA Validation in Single Solution– Maximize investment in IPTV assurance solution
 Is Easily Extensible to Voice, Broadband and Mobile– Spread assurance investment across key services
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 Headend
 Transport
 Video Serving Office Home
 An IPTV Provider Must:An IPTV Provider Must:
 Ensure the Quality and Availability of Services at the Headend – Check services transactions and stream availability and quality
 Ensure Error Free Service Transport Across the IP Network – Any packet loss can be catastrophic
 Optimize and Manage the xDSL Loop – Manage the ‘Thin Pipe’– Ensure only good lines enter service and manage their performance
 Have Continuous End-to-End IPTV QoE Visibility – Headend to the Home
 – Proactive service visibility through to the customer
 Monitoring Headend to the Home
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 Major Trends driving deployment of IPTV
 Widespread adoption of broadband (xDSL) access.
 Internet has become a familiar tool for consumers – empowering them to ‘pull’ customized content as they need it, instead of being ‘pushed’ content without regard for the time of day or its usefulness to them.
 Competitive dynamic between traditional fixed telephone service providers and cable companies.
 Desire to provide “Triple-Play” services.
 Creating a compelling customer experience enables positioning as “Entertainment Providers”.
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 Complex Challenges to deliver IPTV Solutions
 Delivery of high quality video over narrow pipes
 – Requires broadcast quality for customer adoption
 – MPEG2 Compression requires 3 to 4 Mbps of bandwidth for SD and 12 to 19 Mbps for HD
 – MPEG4 part 10, H.264/VC-1 = 50% bandwidth reduction
 – Windows Media Video 9 (WMV9) or WMV version 9
 – Requires monitoring for MPEG and IP impairments
 Maintaining content security in a digital environment
 Enabling new applications without platform redesign
 Delivering a feature-rich, yet cost competitive product
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IPTV Technology What does it take? OSI Stack for IP Video Transport and Control Transport Streams – SPTS vs. MPTS MPEG-2 TS carry MPEG2, VC-1, MPEG4 Codecs MPEG2 TS Packets on IP/Ethernet
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 IPTV Technology – What does it take?
 Video Programs - 1 video, 2 + audios & data
 Codecs – MPEG2, MPEG4, VC-1, MPEG-10
 Video Transport – MPEG2 Transport Streams (TS)
 – SPTS, MPTS…
 IP Encapsulations
 – Codec/RTP, Codec/MPEG2TS/UDP, Codec/MPEG2TS/RTP..
 Error Compensation
 – L1 FEC, Retransmission (MSFT, VQE) and ProMPEG FEC
 Internet Group Message Protocol (IGMP) v2 & v3
 Home Management – TR-069/WT-135
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 OSI Stack for IP Video Transport and Control
 IETF defined Congruent with
 DVB-IPI– DVB over IP
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 Transport Streams
 Transport Stream (TS) UDP Header RTP Header RFC 2250 Extension MPEG-2 TS Header
 – Elementary Stream
 – Program
 – PID – Program Identifier

Page 18
                        

JDSU CONFIDENTIAL & PROPRIETARY INFORMATION 18
 Video Elementary Stream
 Packetized Elementary StreamHeader Fixed or variable length
 Useful data
 Header Useful data
 Stuffing
 Transport Stream
 MPEG-2 SystemSyntax
 Fixed length(188 bytes)
 Imagestructure
 . . .
 MPEG-2 System
 • PES and Transport syntax: Encapsulation of video, audio or private data
 MPEG-2 Transport Streams carry MPEG-2, VC-1 & MPEG-4 Codecs
 CODEC LayerMPEG-2, MPEG-4 AVC (H.264), VC-1
 Transport Stream LayerMPEG-2 TS
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 MPEG2 TS Packets on IP/Ethernet
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IPTV Test & Measurement Test Demarcation Points Measurement Types SPTS vs MPTS – MPEG2 TS IGMP – Internet Group Message Protocol End to End IPTV QoE Assurance
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 Test and Measurement Demarcation Points
 Testing Demarcation Points A Encoder Network (Pre-AServer)
 B Core Network (AServer to DServer)
 C Access Network (Post-DServer)
 D Mediation Servers (AServer & DServer)
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 Measurement Types
 Perceptual Video PCR Jitter Packet Loss and Packet Jitter IGMP Join/Leave Latency and ICC Latency Audio/Video Bitrate
 Packet Jitter Packet Loss Burst Error RTT IGMP Latency Required Suggested Required Max Required Required Suggested Encoder Network < 4 msec < 1 msec 10-10 BER < 10 msec Core Network < 10 msec 10-4 IPLR 50msec ? 40 msec Access Network < 10 msec 10-3 IPLR 150msec ? 40 msec < 50 msec < 20 msec
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 SPTS versus MPTS – MPEG2 TS
 Both included as part of MPEG2 TS Spec– SPTS – IPTV after head end, Cable in core– MPTS – IPTV head end, Satellite, Cable
 Single Program Transport Streams (SPTS)– Contains ONE program
 • 1 Video, 2 audios, metadata– Used to transport and move around individual
 programs• Head End through Home for IPTV• Head End to Stat Mux for Cable TV operators
 – Utilizes power of MPEG to preserve timing, carry all relevant streams together.
 MPTS - – QAM MPTS formation –
 • Stuffs to a 38.8 Mbps constant bit rate– Get more streams down the same bandwidth –
 • 8-10 SD programs, • 2-3 HD programs
 – Mapping of meta data into one final MPTS• Cram it all into one stream: timing, videos, audios, PSIP,
 VideoAudioPCRPMTData
 PAT
 PGM1PGM2PGMNStuff
 MPTS
 VideoAudioPCRPMTData
 PAT
 PGM1
 StuffSPTS
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 End to End IPTV QoE Assurance
 An IPTV provider must: Ensure the quality and availability of services at
 the head end – Check services transactions and stream availability &
 quality
 Ensure error free service transport across the IP network
 – Any packet loss can be catastrophic
 Optimize and manage the xDSL loop – Manage the ‘thin pipe’
 – Ensure only good lines enter service and manage their performance
 Have continuous end to end visibility – Head End through Home
 – Proactive service visibility through to the customer
 Core Aggr
 Ntwk
 DSLAM
 ~50-100M
 Ethernet Aggr
 Home
 ~1G+~10G+
 ~3M-50M xDSL
 Manage Thin PipeRG
 STB
 Monitor Head End through Home Proactive Fault Detection & Reactive
 Fault Isolation
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 Ensure Service…at the Head End
 First, ensure the service is good as launched from the Head End
 Need to determine service QoE dimensions
 Is the stream error free? – – Packet Loss, Jitter, PCR, metadata
 Is service available? – Program checking, content available?– VOD Capacity planning– Encryption and Security validation
 Is service timely? – Zap time, VOD transaction time
 What is the quality of the service? – Audio levels, pixelization, lip sync, black– Ensuring you have the correct program!
 Head End
 Encoder & Encryption
 TV
 NetworkConditional
 AccessSystem(CAS)
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 Ensure Service…at the Head End
 Components to solve the problem in the head end
 Post STB Automated Video/Audio Quality Monitor– Monitor post STB video for lip sync, pixelization, black detect,… – See what the customer would see at the head end
 Wall of Monitors - Virtual or Real– No substitute for final human judgment – “Does that look good to you?”
 MPEG Test and Troubleshooting– MPEG, Table Video, Audio, DPI issues– Isolate meta data and stream issues
 Passive & Active Monitoring – Verify all streams leaving head end– Overhead, stream quality & transactions– Zap time, VOD transaction time, VMOS
 Service Capacity Management – Optimize capital spending– VOD Servers, D Servers, Switch Capacity
 Head End
 Encoder & Encryption
 TV Service Monitoring Active & Passive
 Network
 Wall of Monitors Post STBVideo Quality Monitor
 MPEG Test
 CAS
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 Ensure Error Free Service Transport
 Second, ensure error free transport across the network
 Need to avoid & monitor packet loss
 Ways to avoid impairments… – Simpler network
 • $$, No convergence – Forward Error Correction
 • Problems with bandwidth on xDSL, – Retransmission
 • Still has limits, $$$, complications
 Know when impairments happen– Passively monitor – look at all streams– Actively monitor – emulate the customer– On demand with portables in the field
 • More economically address chronics – KPIs – VMOS, MDI, Loss dist, Loss period
 Solutions to Error Free Transport
 Original IP
 Fewer Hops No Errors
 FEC
 Error
 Corrected Errors
 Retransit Corrected Errors
 CoreTransport
 HeadEnd
 EthernetAggr
 Monitor ServiceAt key handoffs
 Peering/HubPoint
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 Manage the ‘thin pipe’ – xDSL loop
 Third, manage the thin xDSL pipe performance
 xDSL bandwidth is the scarce resource driving IPTV
 Dimensions to manage:
 Ensure only good lines enter service – Prequalification – can it handle the service?– Control costs of servicing customers
 Optimize xDSL prov to maximize bandwidth & minimize errors – Maximum minimum bandwidth – it is the low point that counts– Minimum errors – sensitivity of IP Video to packet loss
 Ensure performance of entire ‘neighborhood’– Manage groups if lines or ‘neighborhoods’ to find common issues
 DSLAM
 ~50-100M
 Ethernet Aggr
 Home
 ~1G+~10G+
 ~3M-50M xDSL
 Manage Thin Pipe
 RG
 STB
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 Manage the ‘thin pipe’ – xDSL loop
 Several tools needed to manage the ‘thin pipe’
 Portable and System Copper Loop Testing – Loop length, balance, noise field & portable– Before the line is hooked up to the DSLAM
 SW & records based prequalification– Neighborhood analysis– Record & Current performance analysis
 xDSL Provisioning Optimization– Optimize for video service offering
 Admission & Capacity Control– Assess ‘capacity’ in the long and short term – Ensure services do not conflict affecting
 • Performance• Availability
 xDSL
 DSLAMResidential Gateway
 Prequal & TestCu & WB
 Residential Gateway (RG)
 PMLineOpt.
 ServiceProfile
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 Monitor the Head end through Home
 Lastly, must gain continuous end to end service visibility
 Why?
 To isolate network, loop & home Isolate intermittent impairments Proactively address service quality Measure true customer quality of
 experience
 Tools Needed
 End to End Network Service Fault Mgnt
 End to End QOS/PM – Visibility across head end, hub office,
 aggregation, loop & home– Aggregation
 Visibility into – Probes – Network Elements– Home Elements
 • Residential Gateway• Set Top Box
 Home
 Core Aggr
 RG
 STB
 Monitor
 Head End through Home
 Why 24x7 PM on each customer link?To eliminate chronics and lower MTTR
 STB QOE
 Home Link
 xDSL Link
 DSLAM Link
 Network PMNow -1h -2h -3h
 Correlationreveals faultlocation w/o
 repeated dispatches
 PM
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JDSU NetComplete IPTV Solution Addressing IPTV Delivery Challenges Solution Overview Clarity – Dashboard View for showing E2E QoE Remote Program Monitoring Home RG/STB Performance Monitoring
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 NetComplete IPTV Solution Overview
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 NetComplete – End to End IPTV QoE Assurance
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 NetComplete – Addressing the IPTV Delivery Challenges
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 NetComplete – Dashboard View for E2E IPTV QoE
 Dashboard view showing End to End IPTV QoE at a glance:
 – Check if intermittent or persistent issue
 – Identify which part of network is experiencing issues
 – View how well a specific program moves throughout the network
 – Identify which network groups owns issues resolution
 – Most server issues flow to the top
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 NetCompleteTM
 EMS for alarm collection from the monitoring probes.
 Open NBI to OSS/fault management systems
 Advanced alarm aggregation in order to quickly isolate the cause of a problem
 NetComplete – Alarm Summary & Aggregation
 Focus on most service
 impacting issues
 Easily identify problem type
 Quickly identify alarm
 source
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 NetCompleteTM
 On-demand test
 Proactive fault detection & reactive fault isolation
 Passive and active monitoring
 Segmented fault isolation and testing
 At-A-Glance Stream/Program Health
 Drill through for more detailed
 informationAt a glace
 stream/program health summary
 Program map e.g. by content
 type
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 NetComplete – MPEG and IP Statistics
 Measure MPEG parameters to ensure streams are decoded
 properly at STB
 MPEG information available on stream, program or PID basis
 For any stream view IP transport
 impairment e.g. packet loss or jitter
 For any stream view IP transport
 impairment e.g. packet loss or jitter
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 Performance and capacity management
 Flexible analytics and reporting engine
 Historical data collection, correlation and reporting
 Customizable reports
 NetComplete - Program KPI Upstream History
 Identify which part of
 network is causing most
 faults
 Compare KPI result (e.g.
 packet loss) across network
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 NetOptimize - Historical Analysis and Problem Isolation
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 Program Worst Offenders History
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 Post STB Monitor for True Customer Emulation and Video Content Quality Assessment
 Detects Lost Video, Black Screen, Low Audio, Missing Audio, Static Screen, and Macroblocking detection.
 Alerts via email and/or SNMP trap on faults and recovery
 Provides Video Log of All Impairments
 Continuous Monitor or On-Demand Troubleshooting
 JDSU NetComplete
 Select scanners you wish to view
 “Suspect” channel types
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 Remote Program Monitoring
 Remote Program Monitor via Web Browser:
 Post STB monitor for true customer emulation and video quality assessment
 Black, Silence, low audio, static & freeze detection with log of impairments
 Continuous Monitor or on-demand troubleshooting
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 Home RG/STB Performance Monitoring
 Service Integrator
 ServiceMonitoring(QoS, QoE)
 FM / Assurance
 Inventory
 BillingTraffic Management
 Provisioning
 IPTV MiddlewareCustomer Care
 Analyzers, Portables, Probes & Agents
 NEs & EMS
 Killer stats Collection EngineAggregation & Correlation
 Analytics rules
 Value feeder
 TR-069
 ACS
 Broadband Multi-Play
 Subscribers
 DSL IPTVIPTV from CY09
 FMC (Femtocell)
 FMC from mid CY09
 FTTP / FTTH
 FTTP / FTTH from CY10From CY10
 Inorganic?
 Cable IPTV
 DOCSIS
 CMTS
 OMA-DM
 Device Manag
 er
 Mobile
 ACS:• Provisioning• Device Configuration• Software Upgrades
 Home PM:• Fault Management• PM (QoS, QoE)
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 NetComplete Home PM Statistics
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 Application Areas– Broadband DSL– IPTV & Digital Video– VoIP
 Solutions deployed
 3rd Party Integration– Integration with operator in-
 house test and service assurance system
 Benefits– >60% reduction in field
 dispatches– Automated fault diagnosis:
 reduced MTTR by greater than 3.5 hours
 NetComplete Business Impact – UK Operator
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 Application Areas– IPTV QoE– IP Analysis & Troubleshooting– Performance Management
 Solutions deployed
 3rd Party Integration– PM OSS– Fault Management
 Benefits– Reduced IPTV adoption time– Raised IPTV service levels– Lowered MTTR
 NetComplete Business Impact – Canadian Operator
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 NetAnalyst On-Demand Test and Troubleshooting
 Monitor Tests– VoIP Call Monitor– Network Monitor– Capture– Video Monitor– Video Calibration
 Emulate Tests– VoIP Active Call– QT to QT– QT to Offnet– QT to HST
 Other– Ping– Trace Route– RFC 2544– Loop Back– Video Check, IGMP
 Active Tests
 Multi-User Web Browser Interface
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 Real-Time Transport Performance Monitoring
 Errores MPEG TR-101290
 Análisis PCR y Utilización por PID
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 NetOptimize - Historical Analysis and Problem Isolation
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