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EndEnd--toto--end Quality of Service for end Quality of Service for 
Media StreamingMedia Streaming

Media CompressionMedia Compression

Maximize the compressionMaximize the compression
Efficiency, the error Efficiency, the error 
Resiliency, and the delayResiliency, and the delay
tolerance.tolerance.

Video CODEC: Video CODEC: 
JPEG, MPEG, H.263/261JPEG, MPEG, H.263/261

Transport ProtocolTransport Protocol

Cope with bulky data and Cope with bulky data and 
RealReal--time constraint.time constraint.

Transport Protocol:Transport Protocol:
UDP, TCP, RTP/RTCP,UDP, TCP, RTP/RTCP,
RTSPRTSP

ReliabilityReliability

Mandatory to guarantee Mandatory to guarantee 
QoSQoS..

Error Control:Error Control:
ARQ, FEC, Hybrid ARQ/FECARQ, FEC, Hybrid ARQ/FEC
Congestion Control:Congestion Control:
TCPTCP--friendly Rate Controlfriendly Rate Control

Application AdaptationApplication Adaptation

Adjust required degree ofAdjust required degree of
service quality to network service quality to network 
fluctuation and system fluctuation and system 
dynamic.dynamic.

Application Adaptation:Application Adaptation:
Delay, Delay jitter, LossDelay, Delay jitter, Loss
concealment using Adaptiveconcealment using Adaptive
Playout Playout ControlControl

Quality Quality 
of of 

ServiceService
Media SynchronizationMedia Synchronization

Reconstruct temporal Reconstruct temporal 
relationship (timing relationship (timing 
dependency) betweendependency) between
media objects.media objects.

Synchronization:Synchronization:
IntraIntra--media, Intermedia, Inter--media, media, 
InterInter--client, Interclient, Inter--objectobject
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Problem Scope & ApproachProblem Scope & Approach

SSMSSM--enabled IP enabled IP 
NetworkNetwork

System dynamics System dynamics 
(Momentary CPU overload (Momentary CPU overload 
and etc) + Network delay and etc) + Network delay 

jitterjitter

Adaptive Adaptive playout playout 
control control –– local local 

synchronizationsynchronization

Presentation Presentation 
time differencetime difference

InterInter--client client 
synchronizationsynchronization

Feedbacks (RTCP, Feedbacks (RTCP, ……))

RTP/RTCPRTP/RTCP

Source specific 
multicast

Source specific Source specific 
multicastmulticast

Reactive Reactive 
Error ControlError ControlNetwork Network 

losseslosses

Network Fluctuation      Network Fluctuation      
Rate, Loss, Delay(Jitter)Rate, Loss, Delay(Jitter)

Congestion Congestion 
ControlControl

Flow/Rate Flow/Rate 
ControlControl

Proactive Proactive 
Error ControlError Control

SynchronizationSynchronization
ControlControl

Server-client coordination of network adaptation 
tools (e.g., adaptive playout and error control)

for enhanced streaming

ServerServer--client coordination of network adaptation client coordination of network adaptation 
tools (e.g., adaptive tools (e.g., adaptive playout playout and error control)and error control)

for enhanced streamingfor enhanced streaming
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Proposed Approach Proposed Approach -- How to How to 

Source  Specific MulticastSource  Specific Multicast

TimeTime--scale scale 
Modification of AudioModification of Audio

Playout Playout Speed Speed 
Variation of VideoVariation of Video

Playout Playout 
Speed Variation Speed Variation 

Accumulated Accumulated NACKsNACKs

RetransmissionRetransmission--based based 
Error RecoveryError Recovery

Error RecoveryError Recovery

Buffer OccupancyBuffer Occupancy

Adaptive Adaptive Playout Playout ControlControl

Local AdaptationLocal Adaptation

ServerServer--client Coordinated client Coordinated 
SignalingSignaling

InterInter--client client 
SynchronizationSynchronization

Group SynchronizationGroup Synchronization
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group synchronization
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Proposed Approach Proposed Approach -- FrameworkFramework

InternetInternet

DeMuxDeMux
ReceiverReceiver
BufferBuffer

Decoder (AD)Decoder (AD)

VDVD

SchedulerScheduler

CompositorCompositor

MonitorMonitor

TimerTimerControllerController

Adaptive Adaptive Playout Playout ControlControl

Reduce discontinuityReduce discontinuity
Loss concealmentLoss concealment

InterInter--client Synchronizationclient Synchronization

Fair servicesFair services
Mitigates clients heterogeneityMitigates clients heterogeneity
Assist error recoveryAssist error recovery

PIMPIM--SMSM
SSMSSM--enabled IP networkenabled IP network

Source Specific MulticastSource Specific Multicast

Unicast Unicast feedbackfeedback
Ease of deploymentEase of deployment

RetransmissionRetransmission--based based 
Error RecoveryError Recovery

AudioAudio

VideoVideo

Retransmission Retransmission 
BufferBuffer

ControllerController

Roles of ServerRoles of Server

Group coordinationGroup coordination
Feedback suppressionFeedback suppression
Congestion controlCongestion control
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Target of Adaptive Target of Adaptive Playout Playout ControlControl
Local AdaptationLocal AdaptationLocal Adaptation
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ServerServer--aid Interaid Inter--client Synchronizationclient Synchronization
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ServerServer--aid Interaid Inter--client Synchronizationclient Synchronization
Main mechanism for Inter-client synchronizationMain mechanism for InterMain mechanism for Inter--client synchronizationclient synchronization
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Error RecoveryError Recovery
Accumulated NACK-based Error RecoveryAccumulated NACKAccumulated NACK--based Error Recoverybased Error Recovery

PIMPIM--SMSM
SSMSSM--enabled IP networkenabled IP network

InternetInternet
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ChannelChannel

NACK-based
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AccumulationAccumulation

LossesLosses

LossesLosses
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Request

Conditional Conditional 
Retransmission Retransmission 

RequestRequest

Feedback bandwidthFeedback bandwidth

RTCP Sender Report:RTCP Sender Report:
1.251.25% of session % of session 
BandwidthBandwidth
RTCP Receiver Report:RTCP Receiver Report:
3.753.75%%

5% 5% of session bandwidthof session bandwidth
can be used for RTCPcan be used for RTCP
signaling. signaling. 

Save Feedback 
Bandwidth
ve Save FeeSa dback Feedback 
BandwidthBandwidth

Implicit aid for 
error recovery
Implicit aid for Implicit aid for 
error recoveryerror recovery
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Error RecoveryError Recovery
Packet format of accumulated NACKPacket format of accumulated NACKPacket format of accumulated NACK
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PlayoutPlayout coordinationcoordination
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Simulation ModelSimulation Model
Simulation Topology and ModelSimulation Topology and ModelSimulation Topology and Model
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One Multicast streaming server One Multicast streaming server 
and 16 session participantsand 16 session participants

Use modified RTP/RTCP over Use modified RTP/RTCP over 
UDP (UDP (Unicast Unicast RTCP feedback)RTCP feedback)

Traffic Source: MPEGTraffic Source: MPEG--II 5Mbps II 5Mbps 
with 30 f/s.with 30 f/s.

Group of Picture (GOP) with 15 Group of Picture (GOP) with 15 
II--frame and 3 Pframe and 3 P--frame distanceframe distance

Join interval : 11 s (fixed)Join interval : 11 s (fixed)

Momentary CPU overload Momentary CPU overload 
Interval : 10 s (exponential Interval : 10 s (exponential didi.) .) 
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Simulation ResultsSimulation Results
Three different playout casesThree different Three different playout playout casescases

1.1. No No playout playout adaptationadaptation: : No No playout playout control, No servercontrol, No server--aid, NACKaid, NACK--based based 
individual retransmission requestindividual retransmission request

2.2. Local adaptationLocal adaptation: : Playout Playout control, No servercontrol, No server--aid, NACKaid, NACK--based individual or based individual or 
accumulated retransmission requestaccumulated retransmission request

3.3. ServerServer--aid adaptationaid adaptation: : Playout Playout control, Servercontrol, Server--aid, NACKaid, NACK--based individual or based individual or 
accumulated retransmission requestaccumulated retransmission request

Maximum playout time difference between leading and trailing clientsMaximum Maximum playout playout time difference between leading and trailing clientstime difference between leading and trailing clients
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Simulation ResultsSimulation Results

Accumulated playout discontinuity averaged per each clientAccumulated Accumulated playout playout discontinuity averaged per each clientdiscontinuity averaged per each client
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Simulation ResultsSimulation Results

Playout speed variation (a long-run client)Playout Playout speed variation (a longspeed variation (a long--run client)run client)
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Simulation ResultsSimulation Results
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Simulation ResultsSimulation Results

Maximum buffer occupancy difference at time t in a groupMaximum buffer occupancy difference at time t in a groupMaximum buffer occupancy difference at time t in a group
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Simulation ResultsSimulation Results

Required feedback bandwidth for retransmission request and receiver reportRequired feedback bandwidth for retransmission request and receiRequired feedback bandwidth for retransmission request and receiver reportver report
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Simulation ResultsSimulation Results
Averaged lost packet repair probabilityAveraged lost packet repair probabilityAveraged lost packet repair probability
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Simulation ResultsSimulation Results
Three different error recovery casesThree different error recovery casesThree different error recovery cases

1.1. Individual retransmission requestIndividual retransmission request
: : PlayoutPlayout control, Servercontrol, Server--aid, NACKaid, NACK--based individual retransmission requestbased individual retransmission request
2.2. Accumulated retransmission request without Accumulated retransmission request without playout playout aid aid 
: : No No playoutplayout control, No servercontrol, No server--aid, NACKaid, NACK--based full accumulationbased full accumulation
3.3. Accumulated retransmission request with Accumulated retransmission request with playout playout aidaid
: : Playout Playout control, Servercontrol, Server--aid, NACKaid, NACK--based accumulated retransmission requestbased accumulated retransmission request

Required feedback bandwidthRequired feedback bandwidthRequired feedback bandwidth Averaged lost packet repair probabilityAveraged lost packet repair probabilityAveraged lost packet repair probability
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Conclusion and DiscussionConclusion and Discussion
Frameworks suitable for one-to-many multicast media streaming

adaptive adaptive playoutplayout control (local adaptation): to reduce discontinuity control (local adaptation): to reduce discontinuity 
from buffer underfrom buffer under--/overflows. /overflows. 

ServerServer--aid adaptation: to synchronize presentation time of session aid adaptation: to synchronize presentation time of session 
members and to assist the loss recovery at each client.members and to assist the loss recovery at each client.

Cumulative NACKCumulative NACK--based error recovery and the role of adaptive based error recovery and the role of adaptive 
playout playout control: to reduce feedback bandwidth occurred by control: to reduce feedback bandwidth occurred by 
individual retransmission request and retransmission fails (lateindividual retransmission request and retransmission fails (late
reply)reply)

The overall frameworks can reduce the playout discontinuity, and thus 
mitigate the client heterogeneity

Require precise unit conversion from buffer volume to its corresponding time 
quantity.

Require proper congestion control mechanisms.Require proper congestion control mechanisms.
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AppendixAppendix
NotationNotationNotation

Buffer occupancy level at t,                                    Buffer occupancy level at t,                                    b(t) when b(t) when 
the first packet i comprising accumulated packet is lostthe first packet i comprising accumulated packet is lost

Presentation  time, nPresentation  time, nthth Sender ReportSender Report

Lower limit, Retransmission limit, Higher limit, Buffer sizeLower limit, Retransmission limit, Higher limit, Buffer size

Target and Actual presentation timeTarget and Actual presentation time

Normal Normal playout playout speed, Current speed, Current playout playout speed at a client i, Playback factorspeed at a client i, Playback factor
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