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Agenda

Quality of Experience for IPTV 

IPTV 

End-to-end IPTV  

Summary
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QoE for IPTV 
(Quality of Experience)
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IPTV 

Native IP Multicast

TechnologyIPTV Service

Å ( , )

Å VOD

ÅTime-shift, Start-Over

Å3-Screen 

Å

Å

ÅIPTV 

ÅMulticast Routing  

VPIM-SM/SSM, 
IGMPv2/v3, Anycast

ÅMulticast QoS & HA

ÅMulticast Security

Å :

VRedundant Architecture

VMulticast HA

Å : 

VSwitching Capacity

Å (unicast & multicast)

ÅFast convergence
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IPTV , 
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QoE ? 

packet performance

SLAs based on packet metrics: delay, jitter, packet loss

QoS

service performance
SLAs based on viewer perception: image quality, easiness of use

QoE

QoS + Human Component (Source: ITU-T)

QoE requirements (SLA) must be mapped to SLA at the underlying layers

QoE SLA: less than 1 visible artifact per 2 hour of streaming

Equivalent to [QoS SLA] Packet Loss Rate (PLR) < 10-6

DSL Forum WT-126

QoE Standards
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Á

Á /

Á

Á

Á /

Á

Á ïEPG 

(Electronic Program Guide)

Á

(triple or quad-p

lay)

Á

brand 

QoE

QoE ?
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IPTV 

Á loss

Á

V

V DSL

V ( multiple STB)

V

Á IPTV , 

Á

V IPTV : DSL vs. FTTH
V ( )
V

V

V

ÁOPEX 
V

V Installation, Helpdesk call, 

QoE 

Financial
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IPTV and Packet Loss

Service Packet Loss Rate Jitter Latency

Data 10-3 N/A < 250ms

Voice* 10-4 < 20ms < 150ms

Video**

H.264
10-6 < 50ms < 250ms

ÅDVB 2

Å IP 7 MPEG2-TS 

ÅMPEG IP 

:

Macro-blocking, Frame-freezing etc.
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0% Packet 

Loss

IPTV Drop

0.5 % Packet 

Loss

5 % Packet 

Loss

Å Drop

Å Drop 



©  2006 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialPresentation_ID 12

VQE - Video Error Repair

SP OPEX ï

QoE ï

Sends 

Standards-

based 

Message to 

VQE

STB 

Detects 

Packet Loss

VQE 

Re-transmits 

Missing 

Packet

Multicast

Stream 

Assumes 

Primary

Source

STB

1

2

3

4

Error Repair Done in  

Less Than 100 ms

iFrame b p p iFrameé

Switch
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ïOne

STB

Seq. 100

RTP Seq. # Status

098 Received

099 Received

100 Waiting

101 Waiting

ÅH/E RTP encapsulation multicast 

Å IPTV RTP sequence number

ÅSTB VQE client IPTV RTP sequence numbers

Åde-jitter buffer RTP sequence numbers

ÅSTB VQE client RTCP VQE server ñReceiver Reportsò

Seq. 101

Seq. 099

Seq. 102

Seq. 102

Seq. 103Seq. 104

RTCP  Receiver Report
- RTP Sequence Numbers 
received ï090 through 099VQE-Server

Edge Router Switch

STB

CPE
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ïTwo

STB

Seq. 104

Seq. 103

Seq. 103

RTP Seq. # Status

100 Received

101 Missing

102 Received

103 Received

Seq. 101

ÅSeq. 101 CRC drop
Å drop 

Seq. 099

MPEG 
Demux

Packet with RTP Seq. 101 is 
missing

Å , Corrupted packet

- CRC error check , drop 

ÅVQE-C de-jitter buffer missing RTP sequence numbers 

Seq. 100

Seq. 102

Seq. 103

VQE-Server

Edge Router

STB

CPE

Switch
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ïThree

STB

Seq. 104

Seq. 103

Seq. 103

Seq. 100

Seq. 099

Seq. 102

2. VQE copies RTP packet  #101 from local-cache

ÅSTB / VQE-C VQE-S RTCP message

missing packet (s)

Transaction 17 Repair 

3. VQE unicasts RTP #101 to IP address of requesting VQE-C 

1

1. RCTP NACK, ñsend me packet with RTP Sequence # 101 
for channel ñnò

RTP Seq. 
#

Status

100 Received

101 Missing

102 Received

103 Received

VQE-Server

Edge Router

STB

CPE

Seq. 101

2

3

Seq. 101

Switch
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ïFour

STB

RTP Seq. # Status

100 Received

101 Received

102 Received

103 Received

Seq. 101

Seq. 100

Seq. 099

MPEG 
Demux

Packet with RTP Seq. 101 
ñsplicedò into jitter buffer

Seq. 102

Seq. 103

Seq. 104

Seq. 105

Seq. 106Seq. 107

Seq. 106

Seq. 107

ÅVQE-C VQE-S RTCP/RTP Unicast 

Å jitter buffer

ÅMPEG Demux 

ÅRTP Play-out Buffer 100ms Repair 

VQE-Server

Edge Router

STB

CPE

Seq. 108

Switch
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Recent IPTV Test
Video Quality of Experience

Outstanding video quality experience with up to 10 percent packet loss on the 

last mile when Ciscoôs proprietary set-top box enhancements re-requesting 

missing packets from a network buffer server (VQE) were implemented

The solution was impressive and its usage well thought-out. 

VQE considered both the userôs immediate needs for a good quality of service 

and the service providerôs need to maintain statistics on the QOS provided to 

the users

Video

Quality

Experience

* Actual capacity of Cisco 7600 may be higher
Findings

VQE maintains perfect video & voice  from 0 to 10% packet  

loss

Result of Cisco ïSA Integration

Cisco intends to release the client as open-source software 

and to include the VQE software in its set-top boxes
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Drop Level V-Factor before VQE
Visual + Audio 

quality with VQE

Zero 4.6
Perfect Video and 

Voice

Drop 1 packet out of 1000 Under 4
Perfect Video and 

Voice

Drop 2 packet out of 1000 1.1
Perfect Video and 

Voice

Drop 10 packet out of 1000 1.0
Perfect Video and 

Voice

Drop 50 packet out of 1000 1.0
Perfect Video and 

Voice

Drop 100 packet out of 1000 1.0
Perfect Video and 

Voice

Drop 150 packet out of 1000 1.0
Slightly impaired 
Video and Voice

Video Quality Experience Test  4.1 
Perfect Video VQE with moderate packet drop level

VQE

V-Factor : A measurement of video quality that looks at packet impairments, program clock and I, B, and P

frames for a more accurate quality measurements and frame-based statistics. Range 0 (worst) -5 ( best)
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IPTV 



©  2006 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialPresentation_ID 20

IGMP 

Leave

IGMP 

Join

Analog Channel Changing
Many Channels

Not Complex

= Very Fast Change

Digital Channel Changing
One or Fewer Channels

More Complex

= Slower Change
PSI
(PAT, PMT)

I-Frame

ECM, EMM
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Zapping Delay

Channel Change Latency 

Factor

% total 

budget

Delay for Mcast Stream to Stop 

from DSLAM 4%

Multicast Join for New Channel 4%

Dynamic Multicast Set Up Delay
6%

Jitter Buffer Fill
8%

I-Frame Delay

*depends on compression 39%

MPEG Buffering 

*depends on STB 39%

Channel Change TimeT=0

Á - IP multicast causes slow channel change

Á :

Waiting for the Next I-Frame

MPEG buffering

500 ms or greater*

50 ms

50 ms

500 ms or greater*

75 ms

100 ms
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IPTV 
VQE - Rapid Channel Change (RCC)

V

Q

E

S

T

B

IGMP leave

VQE Signaling

Info to prime decoder and report burst shape

IGMP join

ÅSTB Unicast Multicast

Multicast

T

I

M

E

multicast stream

Unicast stream

Control messages

New multicast stream

ÅStandards Based RCC with Real-Time Transport Control Protocol (RTCP). Channel 

change time drops to ~1 Second

ÅUnicast

1 ïUnicast 

Standard RTP/RTCP Messaging
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ïOne

2a. IGMP Leave

2b. RTCP Message to VQE-S  

1. 

3. multicast stream 
Stop

VQE-Server

Edge Router

STB

CPE

Switch
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ïTwo

4.  VQE-S

I-frame

6. IGMP Join 

I
I

5. STB TV 
display

MPEG 
MUX

Switch
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ïThree

6. Multicast 

I MPEG 
Decoder

7. VQE-C multicast

Unicast

unicast

Switch
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ïFour

I MPEG 
Decoder

10. Unicast stop

8. Multicast

10 10

9. VQE-C VQE-S RTCP 
unicast 

stop

11. VQE-C multicast 
display

MPEG 
Decoder

Switch
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1. VQE-S ñrequestedò channel 

information NAK VQE-C

2. VQE-S channel cache

3. VQE-S I-Frame

4. VQE-S VQE-C I-Frame

channel stream

Unicast

5. VQE-S VQE-C

Unicast 
Channel 250

I-Frame 

TV Channels, Multicast IN

Channel 1 I-Frame

Stream Unicast

Channel 2

Channel 1

VQE RCC (Rapid Channel Change)

ÁVQE-S Rapid Channel Change Error repair

Á Channel GOP Frame Unicast
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- Managing Burst Bandwidth

4 Mbps

4.8 Mbps

Time

Bandwidth

Channel Change 

initialization Channel 5 Unicast stream from 

VQE-S ïStage One

Channel 5 Mulitcast 

stream starts

Å RCC

.

Å

Capacity Planning 

Å configuration

Å Layer

Channel 5 unicast stream from 

VQE-S ïStage Two

25 % Excess Video Bandwidth
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Cisco IPTV 
Combined VQE Unicast stream & Client Early Channel Change!

Combined Cisco Fast 

Channel Change: 

Average: ~0.7 sec

Variance: ~0.4 sec

Un-optimized channel 

change time stats:

Average: ~2.2 sec

Variance: ~1.2 sec

Access Node

Set-Top Box

Early Channel 

Start & VQE 

I-frame burst

VQE Server 

+

+
Aggregation 

Router 

* LAB test , .
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VQE 
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Cisco Visual Quality Experience (VQE) 

Problem Solving

Á IPTV error repair
QoE

Mitigates effects of bit errors on DSL transmission 
lines and in-home wiring

Common Framework for RET and AL-FEC

ÁScalable, network-based, rapid 
channel change 

Greatly improves customer interactive experience

ÁQoE

IPTV /

VQE Solution

Error Repair
Rapid Channel 

Change

RET AL-FEC

RTP Statistics
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STB

STB

Video Head-End Core/Distribution Edge Access

7600 Series

Encoders

CRS-1

CRS-1

VQE-S

VQE-S

CPE

CPE

SA DCM

VQE-C 

VQE-C 

VQE ïHigh Level 

̋Head-end RTP 

- Encoder 

- Cisco DCM (Digital Content Manager) ïRTP encapsulation  Forward Error Correction (FEC) 

̋VQE-Server Network Edge Multicast channel Join

- STB VQE Service ( , Rapid channel change)

- (loss, delay, jitter,...)

̋Set-Top VQE-Client 

- Rapid channel change 

- RTCP (loss, delay, jitter)

Switch

Switch
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STB

Head End Switch/Router

Core VQE-C Software  Integration 

ÁVQE-S : server side component (VQE )

Join, IGMP client

2

Unicast / FEC 

ÁVQE- C : client side component (STB, PC, etc)

Controls network Jitter buffer

RTP encapsulation, RTCP, 

Unicast / FEC 

STB

VQE-S

224.1.1.250 ïChannel 250RTP Multicast from Source

224.1.1.1 ïChannel 001

VQE 
Network Topology

Switch
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Why VQE?

Open Standards

IP 

RTP/RTCP 

ÁStandards based solution: IEFT, DVB, ATIS

ÁOpen Source Client ïLinux 

Á

Á multicast IPTV 
ïVQE-S multicast client

Á , , /

Á ï

Á

ÁVQE-S 3Gbps 
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Benefits of RTP 

Á UDP ïSequence Number 
Timestamp (derived from MPEG PCR) 

Á

ÁAd Insertion and Stream Splicing

ÁFoundation Error Repair and Rapid Channel Change

ÁStandards Support
IETF, DVB, ETSI and ATIS

ÁVoice and video conference 



©  2006 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialPresentation_ID 36

CDE110 - Snapshot

CDE110-1-036TXA-K9

Á2 x 64bit dual-core Intel Xeon 

Á4GB Memory ( 24G )

Á36GB SCSI(SAS) HDD (hot swap) ï3 bays 

Á (AC DC)

Á4 x GE TX

ÁNEBS/ETSI compliant

ÁRed Hat Enterprise Linux 5.0
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Integration

xDSL , FTTH L2 

broadcast ( L3 ïAPT L2 S/W) IPTV 

STB , 

VQE 

VQE-S STB Provisioning , 

. .

STB

VCPT

ÁVQE GE interface STB

, 

.
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End-to-end IPTV  
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IPTV 

Decoder

Core 

Network

Regional

Network

Receiver

Acquisition

Processing
DCM

Encoder

Encoding

Management

Gateway

PC

Aggregation / 

Distribution Network

QAM

ROSA

Customer Feedback:

Áñ ?ò

Áñ OPEX 
?

End-to-end IPTV & 

Point solutions 
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IPTV 

Á QoE 
Less churn ïpromotes customer loyalty

Establish the service as the information/entertainment screen of choice

ÁOPEX 
Call center savings

Fewer service dispatches

Greater leverage of NOC personnel talent pool

ÁCisco 
Cisco 7600, CSR-1, GSR, 4948, and more to come

Fault, statistics, measurements, thresholds
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IPTV 
Video Assurance Management Solution (VAMS)

ÁObjectives

Architecture & end-to-end service assurance of video

ÁTarget Applications

ïIPTV

ïAdvanced applications - Video-on-Demand (VOD), Ad Insertion

Á

- Fault Monitoring, Video Quality Monitoring, Service Views and 

Troubleshooting

ïPerformance Monitoring

ÁEnd-to-end video delivery

ïTransport network ïUp to Access Router

ïAccess network, Head-end (ROSA), Last mile (VQE)

ÁAdvanced services delivery model

Integration, deployment, and support services
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Transport ( )

Cisco Active Network Abstraction (ANA)

Cisco Multicast Manager (CMM)

Third party Video probes

Cisco IPTV 

Video Head End

Cisco ROSA

IBM-Tivoli NetCool Product Suite

Last-mile (
) 

Cisco VQE
Monitoring

Video Hub

Cisco ROSA

Decoder

Core 
Network

Regional
Network

Receiver

Acquisition

Processing
DCM

Encoder

Encoding

Management

Gateway

PC

Aggregation / 
Distribution Network

QAM

ROSA
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Backbone Network

CRS-1

Router

CRS-1

Router
CRS-1

Router

CRS-1

Router

Regional Network

7600

CRS-1

Router

7600

7600

Network Mgt Complex

Aggr / Div Network

7600 or 

CRS

Access/Hub

SA QAM

H

F

C

SA STB or

DVR

Linksys 

Home

Router

CPE

H

F

CSA QAM

Data Sources

Collection

Aggregation & Correlation

Presentation

VAMS 

Applications ïIP Multicast Transport Assurance

Video Transport Assurance ïCore, Dist, Access, Home

: MPEG ïIPTV 

Per-Flow MPEG TS Monitoring QAM Port 

Monitoring

7600

7600
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Backbone Network

CRS-1

Router

CRS-1

Router
CRS-1

Router

CRS-1

Router

Regional Network

7600

CRS-1

Router

7600

7600

Aggr / Div Network

4500 or 7600

Series

7600 or 

CRS

Access/Hub

SA QAM

H

F

C

SA STB or

DVR

Linksys 

Home

Router

CPE

H

F

CSA QAM

Data Sources

Collection

Aggregation & Correlation

Presentation

VAMS 

Applications ïIP Multicast Transport Assurance

Video Transport Assurance ïCore, Dist, Access, Home

: 

Multicast Trace

Multicast 

Path 

Real-Time 

Tracing

Per-Flow PPS

Per-Flow 

Live PPS 

Metrics

IGMP Data sMSDP Data Router 

Tables

IGMP  Data

MSDP  Data

Router Tables

7600

Rendezvous 

Points

Designated 

Routers

(S,G)s

Multicast 

Tree 

Database

Interface 

Utilization 

Monitoring & 

Reporting

mVPN VRF 

Visibility Layer 2 Ports


