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Abstract—We have recently proposedthe useof Backward Explicit
CongestionNotification (BECN) with video multicasting over IP net-
works [1]. This proposalimproved bandwidth utilization and reduced
time to reactto congestion.In this paper, we presenta comparison of
the useof different ECN techniques,namely ECN, BECN, and MECN,
for IP multicast congestioncontrol. We investigatethis in the context
of MPEG4 multicasting over IP. We usetheseECN techniquesin an IP
network that supports priority dropping of packetsduring congestion
using RED’s extensionfor sevice differ entiation. This extensionrec-
ognizesthe priority of packetswhenthey needto be droppedand drops
lower priority packetsfirst. ECN techniqueswill provide early notifi-
cation to the senderand/or the recevers about congestionwhile it is
developingin the network. Basedon which ECN techniqueis used,the
senderand/or the recevers will reactto this notification to reducethe
congestionin the network. We show the advantagesand disadvantages
of eachECN technique. Also, thr ough the results,we advocatethe use
of network support in the form of explicit congestionnotification for
IP multicast congestioncontrol.

|. INTRODUCTION

In [1], we have proposedthe useof Backward Explicit
CongestionNotification (BECN) with video multicasting
over IP networks. This proposalimproved bandwidthuti-
lization and reducedtime to reactto congestion. In this
work, we extend this proposaland investigatethe differ-
ent optionsof network support,in the form of congestion
notification,to multicastcongestioncontrol. We presenta
comparisonbetweenthe use of Explicit CongestionCon-
trol (ECN), Backward ECN (BECN), andMulti-level ECN
(MECN), for IP multicastcongestioncontrol. We inves-
tigate this in the context of multicasting of adaptvely-
encodedVIPEG4over IP. We usetwo MPEG4's properties
in our proposal:First, the ability to encodereal-timevideo
adaptvely to targeta certainrate. Secondhe ability to gen-
erateencodedsideoin two priority levels,onewith basicin-
formationandthe otherwith enhancemerihformation. We
implementthesetwo ECN techniquesn an|P network that
supportspriority droppingof packetsduring congestiorus-
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ing RED's extensionfor servicedifferentiation.This exten-

sion recognizeghe priority of MPEGA4 packetswhenthey

needto be droppedand dropslower priority pacletsfirst.

ECNtechniquewvill provide earlynotificationto thesender
and/orthereceversaboutcongestiorthatit is developingin

the network. Basedon which ECN techniqueis used,the

senderand/orthe receverswill reactto this notificationto

reducethe congestiorin the network. We discusgthe valid-

ity of using ECN asan end-to-endmechanisnbeforepre-

sentingtheuseof BECN in our proposal After that,we use
Multi-level ECN (MECN) that sendsback quantitatie re-

portsthatindicateshowcongestedherouteris. We evaluate
how MECN canimprove the performanceof our proposed
architecture.

The rest of this paperis organizedas follows. Sec-
tion Il presentsinoverview of themulticastcongestiorcon-
trol problem. Sectionlll presentour work on generating
adaptvely-encodedMPEG4traffic for simulationpurposes
using TES [2] models. In SectionlV, we shov the RED
mechanisnthatwe usein this paper In SectionV, discuss
how appropriatés theuseof ECNin real-timevideoappli-
cations. SectionVI, presentur proposalof usingBECN
coupledwith REDin multicastcongestiorcontrolfor video.
This includesthe discussiorof the end-to-endarchitecture,
the senderrate adaptationalgorithm, and evaluationusing
simulation.SectionVIl shavstheuseof MECN in our pro-
posalandcomparedt to theuseof BECN. SectionVIIl con-
cludesthe work doneso far, and givesan overview of our
futurework.

Il. MULTICAST CONGESTION CONTROL

Multicastingdigital video over IP networksfacesa num-
berof challengesThe majorchallengesn this areaare:
1. Issuescommonto all IP multicastingapplications:
« The heterogeneityf recevers’ networking capabilities
aswell asthe heterogeneitpf their QoS-requirements.
« Maintaining the scalability of the multicastcongestion
control techniqueis a difficult task as the numberof re-



ceiversis unknowvn to thesendeandmaygrow significantly
2. For video applications,paclet loss can be toleratedto
some extent. This is the reasonthose applicationscan
achieve high link utilization asthey do not have to respond
to pacletlossin thesamefashionT CPrespondsA trade-of
betweerachiesing high link utilization andfairnesgo flows
thatuseTCP-like congestiorcontrolis highly desirable.

3. Forreal-timevideo,thetimeto cornvergeto astablequal-
ity is animportantissueandsois maintainingthis stability.
Fromtheliterature,multicastcongestiorcontroltechniques
can be classifiedinto two categories: the sendetbased
(single-rate)techniquesandthe recever-based(multi-rate,
layered)techniques.

A. Receiveibhasededniques

Recever-basedechniquesrebasedntheability to gen-
eratethesourcedatain alayeredformatandsendinghelay-
ersasdifferentmulticastgroups. Receversdecideon how
mary layers(or equivalently, multicastgroups)hey canjoin
using somebandwidthinferencetechnique.Layersshould
bejoinedin acumulativenannemhichmeangoining them
in order of their relevance. Basiclayerswill containmin-
imum information necessaryo get basicquality andthey
shouldbe joined first. Differentapproachesxist for orga-
nizing the layersandfor bandwidthinference[3], [4], [5],
[6], [7]. A non-cumulativeapproachwas proposedn [8]
in which recevers can get ary subsetof the layers. This
is basedon a specialencodingtechniquepresentedn [9].
Althoughtherecever-basedechniquesrea goodsolution
to the heterogeneityproblem,they have a numberof other
problemsthatarecommonto mostof thesetechniques:

1. Most of thesetechniqueshave fairnessproblemsdueto
theway they reactto congestiorandthedistribution of data
acrosghelayers[10], [11], [12].

2. In a best-efort IP network, which drops paclets uni-
formly atcongestiortime, pacletsfrom the basiclayermay
belostwhich makesreceving higherlayersuseless.

3. Layered techniguesassumethat all layers (multicast
groups)will follow the samemulticasttreeevenwhenthey
are sentseparately This cannot be guaranteedn IP net-
works.

B. Sendetbasededniques

In sendetbasedechniquesa singlerateis sentto all re-
ceivers. ScalableFeedbackControl [13] is oneof the ear
liest works in this area. It usesfeedbackmessage$rom
recevers with information on paclet loss to estimatethe
“group” receptionstatus.Scalabilityis an obviousproblem
with this approachhecauseeceving feedbackirom all re-
ceiverssimply overwhelmsthe network. A proposalto use
representaties of recevvers groupswas introducedin [14]
andpresenteanechanismso selectrepresentaties. Chang-
ing representaties however is major overheadfor this ap-
proach. PGMCC|[15] is a TCP-friendly protocolwhich is
suitablefor applicationghatcancopewith largervariation

in the sendingrate. However, selectionof the adker is very
crucial to the performanceof PGMCC[16]. An extension
for equation-basedongestiorcontrol to multicastapplica-
tionswasrecentlypresentedn [16] wherea calculationof
thewoundtrip timeis neededFormtheseproposalsye can
identify two major problemswith single-rateéechniques:
1. Relying on feedbackfrom recevers, a single slow re-
ceiver maydragdown thedataratefor thewholegroup.

2. Feedbackirom all receversis not scalable. Solutions
that are basedon selectingan agentor a representatie of
the group presentghe overheadof selectingthis agentand
changingt with changingnetwork conditions.

I1l. GENERATING ADAPTIVELY-ENCODED MPEG4
USING A TES MODEL

Our proposalis basedon MPEG45 ability of adaptve
encoding[17]. We developeda traffic generatof18] that
canbeusedfor studyingMPEG4behaior andperformance
through simulation using the Transform Expand Sample
Methodology{2], [19], [20]. Thetraffic we generatelosely
matcheghe statisticalcharacteristicgin termsof maminal
distributionandauto-correlatioriunction)of anoriginalreal
traceof an MPEG4-encodedideo. MPEG4encodergen-
eratevideoin threedifferentframetypes(l, P, andB) that
sene to encoddifferentportionsof the videosignalin dif-
ferentlevels of quality. We modeledthel, B, andB using
three TES modelsand used multiplexing to generatethe
original sequencef framesfor MPEG4. Using feedback
messagefom the network, we recalculateanew targetrate
for the MPEG4 encoderand generatevideo pacletsbased
on this rate while maintainingthe statisticalpropertiesof
the original MPEG4trace. We implementedhis generator
in softwareandintegratedit into the network simulatorns-2
[21].

IV. RED MULTIPLE-BUFFER MANAGEMENT

We definea QoS-avarenetwork modelthat supportsour
architecturdor multicastMPEG4. We requirethe network
to:

1. Supportpriority droppingof pacletsin time of conges-
tion

2. Provide congestiomoatification from routersto the end
systemgsendeand/orrecever).

In this section,we discussour choicefor fulfilling the first

requirement.We useRED'’s extensionfor servicedifferen-
tiation[22]. Packetsaremarkedwith differentprioritiesand

arebeingtreatedaccordingto this priority whenthey need
to bedroppedduringnetwork congestion.

RandomEarly Detection(RED) [23] is a buffer manage-
menttechniquethatis usedfor congestioravoidancein IP
networks. RED routerstry to early detectupcomingcon-
gestionby computingan averageof the queuesizein the
router A sustainedong queusis a signof network conges-
tion. Whena paclet arrives,a RED router checksthe av-



eragequeuesize againstspecifiedmin andmaxthresholds.
Basedon this check,oneof threeactionsis taken:
1. IF Queue-Arerageis lessthanmin
THEN no actionis taken
2. IF Queue-Aerages greaterthanmin but lessthanmax
THEN with probability, the pacletis dropped
3. IF Queue-Aerages greaterthanmax
THEN pacletis dropped

To achieve differentiationbetweerdifferentpriority traf-
fic classesdifferentsetsof RED parametewalueswould
needto be maintainedor eachclass. Thusif therearetwo
priority classestwo setsof parametersieedto be main-
tained.Eachsetwould affect arriving pacletsin its priority
classbasedonits own RED parametersRED will be man-
aginga separatevirtual queuefor eachtraffic class.Certain
calculationsare performedto get the probability for drop-
ping a paclet. Thesecalculationscanbe basedon eachvir-
tual queueor by couplingthemtogethel{22].

V. ISSUES WITH THE USE OF ExpPLICIT CONGESTION
NOTIFICATION (ECN)

As mentionedn SectionlV, in RED buffer management,
if the queuesizeis betweerits min andmaxthresholdsthe
pacletis droppedwith a probability. In the caseof unicast,
droppingthis paclet will signalthe end-to-endcongestion
avoidancemechanisnof TCPthatthenetwork is congested.

Explicit CongestionNotification (ECN) [24] was pro-
posedfor congestiordetectionandavoidancewith TCR In
ECN, the paclet is marked and sentto the recever if the
gueuesizeis betweents min andmaxthresholds, There-
ceiver in this case,marksa flag in the TCP headerof an
ACK messagandsendst backto the senderBasedon the
informationin this ACK the senderreactsby reducingits
congestiorwindow aswell asits slow startthreshold.The
senderthen sendssomenotificationto the receversthat it
did thatto stopthereceverfrom sendingmoreACKs back.
This mechanisniorcesthe TCP sendeto reactearly before
congestiordevelopswithoutthe needto drop paclets.

However, consideringthis methodologyfor real-time
videomulticastinghassomelimitations:

1. This approachis not appropriatefor usein real-time
casedecausat is an end-to-endsolutionthat requiresev-
ery recever to senda messagédack. This will leadto the
feedbak implosionproblemwe mentionedn Sectionll-B.
2. It takesaroundtrip time (RTT) beforethesendereacts.
Thisis notsuitablefor delay-sensitie real-timevideoappli-
cations.

VI. BACKWARD EXPLICIT CONGESTION NOTIFICATION
(BECN)

The authorsin [25] proposedan extensionto ECN using
feedbackfrom the routerto the senderas an indication of
congestionThis feedbackmessagés sentif the queuesize
is betweerits min andmaxthresholdr if it is greaterthan
maxthreshold. The paclet is still markedto preventother

routersfrom sendingmorefeedbackmessagefor the same
paclets. The senderespondgo thatin the samemanner
it doesin the caseof ECN. They calledit Backward ECN

(BECN). Thisis doneusingthe existing IP signalingmech-
anismtheInternetControlMessagérotocol(ICMP). Send-
ing an ICMP messagéo the senderfrom the routerhasan

adwantageover ECN whichis the lowertime it takesbefore
the sendercanreact. Also, becausét is anIP level mecha-
nismit canwork with transporfprotocolsotherthan TCP.
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Fig. 1. Protocolstackatthesender

In ourarchitecturewe useBECN with theflow controller
of the video applicationthat works on top of UDP. We im-
plementedBECN in our simulationsto work on parameters
of thevirtual queuesWe sendBECN!' messagebackto the
videosendebasedn the statusof everyvirtual queuethus
sendingbackinformationon which priority level is experi-
encingproblems.We implementedhis andintegratedit in
ns-2[21]. Theauthorsin [25] alsoproposeda variation of
BECNthatsendsomequantitatveindicationof thelevel of
the congestiorthatis developingin therouter They called
that Multilevel BECN or MECN. A performancestudyfor
BECN canbefoundin [26].

A. End-to-endarchitecture

In this section,we overview our proposecend-to-endar
chitecturefor videomulticasting:

1In the caseof multicast, the Internet Group ManagementProtocol
(IGMP) is usedinsteadof ICMP



REPEAT every t Seconds
IF nofeedback messages received
THEN increase Total-Rate;
reduce BasicLayerPortion;
reduce t
ELSEIF feddback increasing at ALL priority leve
THEN reduce TotalRate;
increase t
ELSEIF feedback increasing at basic layer
THEN reduce BasicLayerPortion;
increase t
END REPEAT

Fig. 2. Flow controlalgorithmatthe sender
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Fig. 3. Simulationsetup

1. Up until this point of our work, we did not defineanac-
tive role for thereceversin our architecture.

2. Thesendemarksthe MPEG4packetswith two different
priorities with basicinformationmarked with high priority

andenhancemenbformationis markedwith lower priority.

Thus, during congestiorbasicvideo quality canstill be re-

ceived. This is basicallysendingthe video informationin

layerswithin onestream.This removesthe burdenof deal-
ing with differentlayers(multicastgroups)at the recever
andensuringthatall pacletswill follow the samemulticast
tree(referto Sectionll-A).

3. While congestionis developing, routersthat run RED

with multiple virtual queueswill sendbackBECN SQmes-
sagedo thesendewith informationonthepriority level that
causedheproblem.

4. Basedontherateof thesefeedbacknessageshesender
runs an algorithm to searchfor an operatingpoint (total

sendingrate andratio betweenpriority levels) that will re-
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Fig. 4. Throughputor Recever R3usingBECN

ducethis feedbacknessagesate. The protocolstack atthe
sendeiis shavnin Fig. 1. Figure2 shavs a pseudo-codéor
theflow controlalgorithm(functionalityof thedecideboxin
Fig 1). Notethatif the problemis only at the enhancement
layer it is not fixed until both layersare congestedsimply
becausehis enhancemenayerwill getdroppedwhereit is
needed.

5. Thesendemiill try to matchthe sendingrateof the high
priority videowith the sendingrate of slow recevers. This
will allow themto getusefulinformationin thetime of per
sistentcongestion. This is also how we deal with hetero-
geneity Notethatarecever may geta 400Kbpsout of the
1Mbps original signal and still can reconstructa compre-
hensiblevideo becausedhe information was encodedwith
400Kbpsbasicinformationlayer. Without priorities,a slow
recevver may still getthe samerate from the samesource
but becaus¢hepacletscarryinformationwith samedevel of
importancenothingcomprehensibleanbereconstructed.

B. Simulationand performance

We usedsimulationgo performinitial testingfor our pro-
posal.We usedns-2for runningthe simulations.

B.1 Simulationsetup

In Fig. 3, we shav thebasictopologywe usedfor simula-
tions. Thereis oneMPEG4sourcehatsendsMPEGA4traffic
usingthe generatofve introducedin Sectionlll. Thetrace
we usedfor the generatinghe modelis from a news broad-
cast. Propertieof the tracecanbe foundin [18]. Threere-
ceiversR1, R2 andR3 areconnectedo the sendeithrough

2We shaw only the functionalitiesthatwe proposedr modified
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Fig. 5. Performancef Recever R1usingBECN

arouterasshowvn. Thelink from the sendetto therouteris
2Mbpsandsois the link from the routerto R3. We made
this ashigh asthelink from the sendetto the routersothat
R3will nothave ary problemsreceving thefull videomul-
ticastwith no pacletloss. R1 hasa 400Kbpslink to router
andR2 hasa800Kbpsone.

B.2 Results

Thegoalof oursimulationgs to seelf andhow thesender
flow controllerwill corvergeto apointwherebothrecevers
will maximizethe utilization of their links andkeepthein-
formationreceved by eachof themreconstructible.From
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Fig. 6. Performancef Recever R2usingBECN

Fig. 4, we canseetheperformancef R3which did nothave
ary loss. Wheneerthe senderateis too high for the other
receverswe seea slow down in thetotal ratein reactionto
the BECN messagethatR1 andR2 aresendingback. Still
the averagereceved rate is around 1Mbps, which results
in undetutilizing the link for R3. Onesolutionto this, in
thepresencef suchahigh heterogeneitpetweerrecevers
capacitiesjs a finer granularity Thatis usingmore prior-
ity levels andthe modificationof the flow controllerat the
sendetto adjustthe sendingratesat thesepriority levelsto
matchasmary receversaspossible.

In orderto seehow thisworks,we checkFig. 5 andFig. 6.
Both recevversR1, and R2 maximizedtheir link utilization



and more importantly they securedthe basiclayer during
congestionFor R1,in partA of thefigure,we canseethat
mostof the receved pacletsareform the basiclayerwhile
R2 is gettingthe sameratein basiclayeranda higherrate
in the enhancemenayer The basiclayeris notincreased
morethana level thatis not appropriatefor the slowestre-
ceiver, R1. In partB of bothfigurewe canseethatthe loss
rateis muchhigherin the enhancemerityer, speciallyfor
R1. We shouldalso note the relation betweenthe reduc-
tion of total rateandthe increaseof BECN messagesThe
timesof higherlossratesarerelatively shortbecaus&ECN
reduceghetime the sendettakesto reactto upcomingcon-
gestion. Thereis a needto reducethe numberof BECN
messagebackto the sender The samepaclket may cause
bothreceversto senda feedbackmessagé¢o the sender A
solutionto this is to make the paclet carry the numberof
timesit wasduplicatedandhow far it is from the source.
The further it is from the sourceand the more it was du-
plicated, the lesslikely it shouldbe marked or an BECN
messagsentfor it.

VII. MULTI-LEVEL EXPLICIT CONGESTION
NOTIFICATION (MECN)

In this sectionwe presenbur useof the Multi-level ECN
(MECN) [25] in our proposedarchitecture.

A. DifferencefromBECN

Thedifferencesthatinsteadf justsendingpackaBECN
messagéo the senderthe messageontainsquantitatize in-
formation aboutthe congestionstatusof the router queue
thatsentthe messageOneway of doingthatis sendingdif-
ferentvaluesthatindicateshow big is the queuesize with
referenceto the RED parametersnin and maz. In our
study we sendbackof threevaluesto the sendeiasfollows:

ar — min
2

)}

) < QueueSiz@) < maz}

v1: if {min < QueueSizg) < (min + n

vy: if {(min+ fax — mwm ; e

vs: if {QueueSizg) > max}

The senderreactsto thesevalueswith differentvalues
for rate reductionfollowing the samealgorithmin Fig. 2.
Receving the valuevs at the sendemeansthat paclet are
beingdroppedandhencethe ratereductionshouldbe con-
siderablybig. Valuesvs andwv; representower levels of
congestiorandshouldresultin lower ratereduction.

B. Results

We repeatedhe samesimulationof SectionVI-B using
the simulationsetupof Fig. 3. The sameend-to-endarchi-
tectureof SectionVI-A is usedin thestudy

Theresultsshav thatusingMECN givesa bettercorver-
gencefor theratesatthetwo differenceprioritiesthanusing
BECN. We canseethatby comparingfigures?, 8, and9 to

their counterpartof SectionVI. In Fig. 7, the throughput
of R3is almostthe sameasthatof Fig. 4 with atendeng to

increasdowardsthe endof simulationtime. Thedifference
is in the distribution of the rateamongthe two priority lev-

elsandthe changesdn therateassignedo eachlayer High

priority layer is adjustedto 400Kbpsto matchthe rate of

R1. This is muchbetterthanthe caseof BECN wherethe
ratewaskeptin thatrangewith amuchhightfluctuationthat
would resultin a changen the received quality thatwould

notlikely by desirabléby theuser

To checkhow this affectsthe two receversindividually,
we first checkFig. 8. Theratefor the high priority layerre-
ceived by R1 convergesto almost400Kbpswith little vari-
ation. This comesat the expenseof high lossratio at the
low priority layerandanincreasingossatthe high priority
layer. Utilization in this cases maximized.CheckingFig. 9
shaws thata biggerportion of the traffic is from the higher
layerspeciallytowardsthe endof the simulationalthoughit
is notasgoodasit is in caseof R1.

Sothedifferencefrom BECN is a bettermatchingof the
higherpriority rate(speciallyfor the slowestrecever)anda
smootherateatthatlayer Thedravbackis thatit is still not
accuratesincetheamountof increaseor decreasef therate
is still determinedusing experimentation.We areworking
onformalizingthatrateadaptatiorto getanaccuratematch
of theavailablebandwidthandreducethelossratio.
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Fig. 7. Performancef Recever R3usingMECN

VIII. CONCLUSION

In this work, we build on our earlier proposalof using
BECN with IP Multicasting. we comparetheimprovement
that can be achieved in the performanceof IP video mul-
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ticastingusing differenttechniquef Explicit Congestion
Notification.

UsingECN in thesamefashionit is usedwith TCPis not
suitablefor multicasting. Our proposalof usingBECN or
MECN hasthefollowing advantages:

1. Sendinghevideoasonestreams mucheasietto handle
thanmultiple streams

2. Sendingall layerswithin one streamwith differentpri-
ority labelsover a network that supportspriority dropping
ensureghata minimumquality will berecevedin thetime
of network congestion

3. Scalabilityissueds minimizedwhenthefeedbacko the
senderis provided from the network ratherthan from re-
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ceivers

4. Futurenetwork architecturesupportQoSin oneway or
the othersoit is requiredto study how video multicasting
will work in this ervironment

Theresultswe gotin this papershaws thatthis approach
is encouraging.lt also shawvs that using MECN givesthe
sameoverall performanceasBECN but with the advantage
of having abettercorvergencgowardsthetargetratefor the
high priority videowith a muchsmootherratechange.Our
future work will concentrateon formalizing the rate adap-
tation processto make it more accurateand to reducethe
lossratio. Testingthe performancevith moreprioritiesand
morereceversis neededoo.
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