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Abstract — In general, the users of wirelessATM

terminals requestthe samefunctionality and quality

of sewvice as usersof wired terminals. Theseuserre-
quirementscan be transformed into the demand for
building an ATM multiplexer around the air interface
which is characterizedby a radio channelinside. The
main differencebetweenthis virtual ATM multiplexer

around the air interface and a fixed ATM multiplexer

is the distrib ution of the multiplexing function between
wir elessterminals and the basestation. For the uplink

this requires a frequent notification of the ATM cell
schedulerin the basestation about the statusof the in-

coming buffers inside the wir elessterminals. This pa-
per focuseson different methodsfor transmitting ca-
pacity requestmessageglsodesignatedasreseration

request)over the uplink.

|. INTRODUCTION

After the successf the asyntironoustransfer mode
(ATM) in the areaof multimedianetworks, demandfor
thetransparenintegrationof wirelessATM terminalsinto
fixed ATM networks hasincreased1]. In general,the
usersof wireless(W) ATM terminalsrequestthe same
functionality and quality of service (QoS) as usersof
wired terminals. Theseuserrequirementsan be trans-
formedinto thedemandor building a (virtual) ATM mul-
tiplexer aroundtheair interfacewhichis characterizethy
aradio channelinside[2]. At the ATM air interfacein-
sidethis virtual ATM multiplexer, the physicallayerand
partsof the ATM layerarereplacediy awirelessphysical
layeraswell asanadditionaldatalink layerconsistingof
alogical link contol (LLC) anda mediumaccessontol
(MAC) sublayer(Fig. 1). Possibleapplicationsof sucha
W-ATM systemareW-ATM LANS, cellularmobileradio,
andradioin thelocalloop (RLL) networks.

The MAC protocolat the ATM air interfacehasto re-
alize the statisticalmultiplexing of ATM cellsin the spe-
cific scenariavhichis characterizetdy the competitionof
wirelessterminalswhich arehardto coordinate.Theter
minalshave to sharethe commonradio channelcapacity
fairly andaccordingto their negotiatedQoS. The virtual
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Figurel: Protocolstackof thevirtual ATM multiplexer at
the ATM air interface.

ATM multiplexer of oneradio cell, consistingof several
wirelessterminalsanda centralbasestation,canbe mod-
eledasadistributedqueueingsystem(Fig. 2). As in fixed
ATM multiplexerswith low datarates(e.g.,50,000cells/s
percarriers 20 Mbit/s [3]), theobseranceof the ngyoti-
atedQoSfor eachvirtual channelespeciallyof real-time
orientedCBR and VBR services)is only possibleif an
ATM cell schedulebasedon staticor dynamicpriorities
isemplg/ed. Thus,theassignmenodf slotsto virtual chan-
nels(VC) by the MAC protocolhasto be controlledby a
centralinstance.In the systemconsideredthe ATM cell
scheduleis runningin the basestation. Statisticalmulti-
plexing of ATM cellsona TDMA channelis usedwith a
slotlength 7, ableto carryoneATM cell togetherwith
the necessarpverheadof the physicallayerfor synchro-
nization,forward error correction(FEC), guardtime, etc.
[4].

The MAC protocol considereds called DSA++ (Dy-
namicSlotAssignment) Thesignalingframestructurgin
[4] designatedissignalingperiod)with its differentburst
typesaswell asthe signalingproceduregor slotresera-
tionson uplink anddownlink have beenintroducedn [4].
Although the DSA++ protocolwas originally developed
for afrequeng division duplexing system,it canalsobe
usedfor atime division duplexing systemwithout major
modifications(Fig. 3). This paperfocuseson the trans-
missionof capacityrequestérom wirelesserminalgo the
ATM cell scheduleof thebasestation.
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Figure2: Modelingthe MAC layerof a W-ATM network
asadistributedqueueingsystem.
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Il. REQUIREMENTS OF THE ATM CELL SCHEDULER

TheATM cell scheduleof thevirtual ATM multiplexer
aroundthe air interfaceexecutesa servicestratgy to de-
terminefor eachslot the terminalwhich shalltransmitor
receve an ATM cell. Static priorities are usedbetween
ATM serviceclasses(CBR > VBR > ABR > UBR).
Within theCBR andVBR classesherelativeurgencydis-
cipline[5] is consideredwheretheprioritiesof ATM cells
dependntheirwaitingtime andtheir connection-specific
QoSrequirementsUnderthis stratgy the probability for
cellsbeinglate (exceedingtheir duedates)is minimized.
The schedulingof ABR cells canbe combinedwith the
executionof ABR flow control.

The main differencebetweenthe virtual ATM multi-
plexer anda fixed ATM multiplexer is the distribution of
the multiplexing functionbetweerwirelessterminalsand
the basestation. This requiresa frequentnotification of
theschedulein the basestationaboutthe statusof thein-
comingbuffersinsidethewirelessterminalswhichis per
formed by transmittingcapacityrequestmessagesgalso
designatedsresenration requestiover the uplink. There
arethefollowing constraints:

In-Time Signaling: To guaranteehe required maxi-
mum delay 74, Of real-time-orientedervicesthe sig-
nalingof new arrivalshasto be performedn time.

Low SignalingOverhead.The signalingoverheadhas
to be minimized,sincesignalingof capacityrequestand
transmissiorof ATM cellsareusingthesameradiochan-
nel.
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Figure3: Signalingframestructureof DSA++ MAC pro-
tocol.

The comple problem of signaling capacityrequests
canbedividedinto following aspects:

¢ Codingthe statusof theincomingbuffers

e Determiningirequeng andtimesof transmissiorf ca-
pacityrequests

e Transmissionomodeof capacityrequests

The procedurefor codingthe statusof the incoming
buffers in wirelessterminalsis adjustedto the different
servicestratgies (oneper serviceclass)in the ATM cell
schedulerNoticethatthescheduledistinguishebetween
virtual channelswhereaghe MAC protocoldistinguishes
betweerterminals.Thus,the capacityrequirement®sf all
virtual channel®f thesameaerminalhave to becombined,
at leastfor all virtual channelf the sameserviceclass.
This furtherreduceghesignalingoverhead.

Sincefor eachserviceclassa specificcodingalgorithm
is usedthetermdynamigparametes hasbeenintroduced.
It representa genericdatastructureconsistingof approx-
imatelytwo bytes.It is usedin contrasto the static(con-
nectionspecific)ATM traffic descriptorandQoSparam-
eters[6] anddescribeghe dynamicbehaiour of the ca-
pacityrequirementsf aterminal. Eachterminalhasa set
of dynamicparameterspnefor eachserviceclass.When
transmittinga capacityrequesimessagea terminalsends
the dynamicparametersf the serviceclasswith highest
priority, for which therequesbf capacityis required.

SinceVBR ATM cells are sened by the relative ur-
geng stratgy, their dynamicparametergontainthe due
dateof the mosttime-critical ATM cell togethemwith the
numberof furthercellswith comparableirgeng. In gen-
eral, the sameprocedureappliesto CBR. But dueto the
deterministidnterarrival timesof CBR cells,thebasesta-
tion doesnothave to beinformedaboutthearrival of each
new cell. Insteadthe basestationcanestimatethe time
of the next arrival, presumingthatthe arrival time of the
previous cell hasbeentransmittedtogetherwith the cell



[2]. Only in the caseof afaulty estimationdoesthewire-
lessterminalhave to transmitan explicit capacityrequest
in orderto resynchronizehe estimationalgorithm. The
dynamicparametersf the ABR serviceclasscontainthe
numberof waiting ABR cellsin orderto avoid overflow
of the ABR buffers.

The mostefficienttransmissiorof dynamicparameters
happengpiggybaclkedto otherpaclets(e.g.,ATM cellsor
acknavledgments) whereaghe unattachedransmission
in shortburstsleadsto a considerableverheadbecause
of guardtime and synchronizatiorsymbols. Thusthere
are the following possibilitiesfor transmittingdynamic
parameters:

e Piggybackd to ATM cells or otherlong message
normalbursts

e Piggybackd to acknavledgmentsor othershortmes-
sagesn shortbursts

e Unattachedn shortbursts

Thetransmissiortanbe performedn reseredslotsor
in specialrandomaccessslots. In orderto reducethe
amountof informationlostin caseof a collision, only the
transmissiorof shortburstswith randomaccesss useful.

In thefollowing it is assumedhatdynamicparameters
aretransmittedpiggybacled to ATM cellswheneer pos-
sible. If aterminalwantsto initiate their transmissiorby
itself, it hasto userandomaccessn shortslots. Further
more thebasestationmaypoll thedynamicparametersf
aspecificterminalby assigninga shortslot.

A terminalmayinitiate thetransmissiorof its dynamic
parameter$or two reasons:

1. If it did not requestfurther capacitywhen transmit-
ting its dynamicparametersast time, it hasto signal
the next arrival to the basestationin orderto be taken
into consideratiorappropriatelyby the schedulingal-
gorithm. This kind of terminal,which doesnot request
further capacity is saidto bein contentionmode The
otherterminals,which did requesfurthercapacityand
thuswill beconsideredby theschedulerarein reserva-
tion mode

2. If aterminalis operatingvirtual channelsof different
serviceclassesthe situationmay occurthatit did re-
guestcapacityfor a low-priority class(e.g.,ABR) and
that a cell of a higher priority class(e.g., VBR) ar
rivesafterward. Althoughtheterminalis in reseration
mode, the schedulemwill considerit with too low pri-
ority. Thus,thetransmissiorof thenew VBR dynamic
parametergpiggybackd to an ABR cell may happen
too late. Thereforeit is usefulthat the terminaltrans-
mitsits VBR dynamicparametergn randomaccess.

If thetransmissiomf dynamicparametergails, atermi-
nalis assumedb bein reserationmodealthoughthebase
stationis consideringt to bein contentiormode.To guar
anteestability of the protocol,the terminalhasto be able
to detectsuchsituations.This caneasilyberealizedif the
latestscheduledpriority of a signalingframeis signaled
by thedownlink signalingburst. By comparinghesched-
uled priority with its own requirementsa terminal may
detectthatit hasnotbeenconsideredy thescheduleand
will retransmiits dynamicparametersimmediately

I11. CONTENTION-FREE TRANSMISSION OF CAPACITY
REQUESTS

In contention-fre&V-ATM MAC protocolghedynamic
parametersire always transmittedby polling (or piggy-
bacledto ATM cells). Thisreducegshe compleity of the
MAC layer, sincecomple collisionresolutionalgorithms
arenot to be implemented. Wirelessterminalsare only
allowedto transmittheir dynamicparametersfteran ex-
plicit orimplicit invitation by thebasestation but they can
no longerinitiate the transmissiorby themseles. There-
fore, eachstationhasto be polled at leastafter a specific
intenal, the lengthof which depend®n the virtual chan-
nelwith the shortesmaximumdelayoperatedy this ter-
minal.

It hasto benotedthatevenin contention-fredMAC pro-
tocolsa specificnarravbandchannelwith randomaccess
for registrationof new terminalsis necessary It canbe
realizedin combinationwith a beaconandpagingchan-
nel by superimposinghe signalingframestructurewith a
superframestructure.

In this paperwe considera polling algorithmwith im-
plicit reseration of poll slots. This hasthe adwvantageof
alow signalingeffort at the downlink for slot reseration
messageesultingin areducedsignalingoverheadln ev-
ery frame,eachterminalwill have at leastonepossibility
for transmittingits dynamicparametersThisis normally
performedpiggybaclkedto ATM cells. If aterminalis not
allowed to transmitan ATM cell in a frame,a shortpoll
slotwill beassignedo it attheendof theframe.If theter
minalsarenumberedy continuousjncreasingdentifiers
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P#: poll of capacity request of terminal #

Figure4: Exampleof implicit reseration of poll slotsat
theendof asignalingframe.



from afinite identifierspace, anexplicit signalingof poll
slotresenationsis not necessaryigure4 givesanexam-
ple of slotreserationsin asignalingframethatis opened
by a downlink signalingburst containingone announce-
mentmessagdor eachdownlink ATM cell slot andone
reseration messagdor eachuplink ATM cell slot. This
burstis followed by thedownlink ATM cell bursts.Ahead
of theuplink ATM cell bursts,atransceier turnaroundn-
tenal is inserted. The frameis finishedby the poll slots
andanothettranscerer turnaroundntenal.

In SectionV theperformancef thisMAC protocolwill
beevaluatedandcomparedvith a contention-baseMAC
protocol.

IV. CONTENTION-BASED TRANSMISSION OF
CAPACITY REQUESTS

The usageof randomaccesgjives terminalsthe pos-
sibility to initiate the transmissiorof their dynamicpa-
rametersoy themseles. This hasa considerableadwan-
tagefor burstyandreal-time-oriente®/C, especiallywith
VBR and narravband CBR services. When emplg/ing
randomaccessa stableand fast algorithmfor collision
resolutionis necessaryPollingis usedto supportrandom
accesdy polling the terminalswhoseprobability of suc-
cessis higherthanthethroughputof randomacces$7].

The frame structureof the DSA++ protocolgivesrise
to following constraintgor randomacces$7]:

e Theresultin arandomaccesslotis broadcastetb the
wirelessterminalsasfeedbackmessagénsidethe next
downlink signalingburst. Thus, thereis the situation
with delayedfeedbaclkasdescribedn [8].

e Eachframecanprovide nearlyary numberof random
accesslots. The maximumnumberis only limited by
thesizeof adownlink signalingburst,becausét hasto
carrythenecessargignalingmessages.

Dueto the urgeny of the transmissiorof dynamicpa-
rameters,the randomaccesss not to be optimizedfor
throughputbut for shortdelays. Critical arethe delayed
feedbacksbecause secondrandomaccesof the same
terminalis only usefulif the feedbackof the first access
hasbeenevaluatedbefore. Thereforededicatedhortened
framesmay be usedto enablefasttransmissiorof feed-
backs[4]. In our protocola maximumframe lengthis
definedby thenumberof reserationmessages adowvn-
link signalingburst. This bursthasthe samelengthasa
downlink ATM cell burst(approx.53 bytes) but dueto its
importancefor protocolstability its contentsareprotected
by a specialFEC. Thus,we assume20 reseration mes-
sagegperdownlink signalingburst. Eachresenrationof a

1E.g.,assignedy the basestationduringaregistrationprocedure.

randomaccesslot aswell aseachfeedbackmessagee-
placesareseration messagéor an ATM cell slot. Thus,
framesare automaticallyshortenedvith increasinghum-
berof randomaccesslots.

Delaysin randomaccesarealsoinfluencedy theused
collisionresolutionalgorithm.We consideranunblocking
adaptve identifiersplitting algorithm[8] thattakesadwan-
tageof theknown numberof stationsn contentionrmode,
sinceonly registeredterminalsareallowedto requesta-
pacity This algorithmhasbeenanalyzedn [9], whereit
is calledthe probingalgorithm

At the beginning of eachframethe probingalgorithm
divides the identifier space(of size N) into a variable
numbert of consecutie internvalsandassign®nerandom
accesslotto eachintenal. Thelthinteral startswith ter
minal ¢, andendingwith terminalé;; — 1, withi; = 0
andi; = N — 1. It containsK; = 4;1 — 4; terminals.
Thedownlink signalingburstsignalsthe intenal division
to the terminalsby transmittingthe startidentifier ¢; of
eachintenal. Furthermoreijt is possibleto poll specific
terminalsin dedicatedshortslots. Suchterminalsarenot
allowedto sendin randomaccesslots.

Thewidth of eachintenal is determinedy considering
the probability pseng; thatterminals will sendin a ran-
domaccesslot. For terminalsin reserationmodepsenq, i
is zero. For terminalsin contentiormodethe basestation
approximategs.nq ;i by modelingthearrival procesof the
next ATM cells by a simplePoissorprocesswith param-
eter);. With this modelpseng,; COrrespondso the proba-
bility of atleastonearrival atterminali duringtheintenal
tsiot — tlast send,; SiNCEthelasttransmissiormf its dynamic
parametergin shortslotsor piggybaclkedto ATM cells),
with tg,¢ beingthetime of the consideredandomaccess
slotatthe endof the signalingframe,

(1)

Theparamete(; is setto 1 andwill beexplainedlater
Thewidth of eachintenal is calculatedoy maximizing
K undertheconstraint

Dsend,i = 1-C;- €Xp [_)\z : (tslot — tlast send,z')]

p41—1
Ni= Y Deendi <W
=17
With the parameted¥ the probability of a successful
transmissioncan be adjusted. The analysisin [9] has
shavn thatW = 1.4 corresponds$o binary splitting and
W = 0.9 to ternarysplitting. With highersplitting order
shorterdelaysare reachedwhich is paid for by a lower
efficiengy of randomaccess.
At the endof a framethe resultsof accesseare used
to correctthe estimationof pgeng ;. If No or onetrans-
missionhappenedh aslot (errorfreefeedbaclassumed),

)
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Figure5: Resultsof scenariowith symmetricPoissorload: averagedelayof ATM cells7,; andaverageframelength
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tiast send,i IS SETLO t50¢ aNdC; is setto 1 for all involved
stations. If a collision occurredin the slot belongingto
thelthintenal, thenumberN,qy ; of involvedterminalsis
estimatedy

1—(1- Ny/K)S
1—(1- Ny/K)" = N, (1= Ny B!
(3)
The estimationis basedon the assumptiorof a bino-
mial distribution of V;. This is not an exact model, but
a sufiicient approximation.We correctthe estimationof

DPsend,i by adjustingCi:

Neoni = Ny

K; — Neony
K;— N
C-Cioa

C = 4)

®)

After asuccessfubr notransmissiorin aslot, C; of the
terminalsin therelevantintenal is resetto 1.

The above approximationrequiresa specialtreatment
of terminalsthatareinvolvedin acollisionfor severalsig-
naling periods. To avoid high delays,terminalsthat have
not beeninvolved in a collision before are not allowed
to enteranintenal containingterminalsthatarecollided
morethanonce. Furthermorea collided terminalis not
allowedto enteranintenal, whosesize K is greaterthan
or equalto the size of the intenal of the previous frame
to which the consideredatollidedterminalbelonged.This
forcesa decreasén interval sizesduringan ongoingcol-
lision resolutioncycle.

The correctdeterminatiorof the parameten; is a dif-
ficult task,sinceit cannotbe derived from the ATM traf-
fic descriptorg6]. An adaptve algorithmbasedon traffic
measurementseemso beanadequatsolution.

Ci,new =

V. SIMULATION RESULTS

The performanceof the two consideredorotocolsfor
the transmissionof capacityrequestmessagefiasbeen
evaluatedby stochasticsimulations. We considereda
TDD air interface(maximum20resenrationmessageper
downlink signalingburst)with anoveralldatarateaccord-
ing to 50,000ATM cells per second(uplink and down-
link togetheryesultingin a slotlengthfor transmittingan
ATM cell g0t = 20us. Sincethe lengthof a shortslot
Tshortslot NASa considerablanfluenceon systemperfor
mancewe parametrized by Tshort slot — Tshort slot/Tslot-
If not statedotherwise,rshortsiot = 4 IS assumed.This
seemgo bearealisticvalue,takinginto accountheover
headfor thetrainingsequencd anequalizeiis emplo/ed,
or for synchronizatiorsymbolsif multicarriermodulation
is used.

Thelengthof a simulationrun hasbeencontrolledby
prescribinga relative error supportedby the LRE algo-
rithm [10], which considerscorrelationsbetweenmea-
suredvalues.Therelative errorof all resultsis lower than
5%.

Threesimulationscenariohave beenconsidered.

A. Scenariowith SymmetridPoissonLoad

Thefirst scenarimssume4&0terminalswith onevirtual
channelVC) each.Theloadresultsfrom Poissorsources
andis equallydistributedbetweerthe VCs on uplink and
downlink. Thediagramdn Fig. 5 containthe averagede-
lay of ATM cellsT,; aswell asthe averageframelength
Ly overtheoverallload S \. Herery, Ly andY A are
normalizedto 740¢. The signalingeffort Spyn,p andeffi-
ciengy/ ppynp (probability of successpf thetransmission
of capacityrequestsn shortslotsaregiven by Fig. 6. In
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Fig. 7 themeannumberof signalingframesN r till asuc-
cessfultransmissionn randomaccessandasthe average
delayTy raca = Ns - Tqot iN randomaccesss shavn.

74, RACH IS measuredrom thefirst accesgo a shortran-
dom accessslot till the receptionof a positive feedback.
Thewidth parameteW of theprobingalgorithmhasbeen
variedfrom 0.8to0 1.4.

It canbe seenthat lower valuesof W leadto shorter
delaysin randomaccessbut reducethe efficiency ppynp.
Thefasterrandomaccesseducegheaveragedelayof up-
link ATM cells, andthe lower efficienty ppynp together
with the highersignalingeffort Spyp increaseshe aver
agedelayof downlink ATM cells. ThevalueW = 1.0
seemgo be a good compromisebetweendelaysand ef-
ficiengy. The contention-fregrotocolproducesa consid-
erablyhighersignalingoverheadSpy,p thanthe probing

algorithm. This resultsin a longeraverageframe length
L andthusproduceshigherdelaysof ATM cellson up-
link anddownlink.

Thesimulationshave shavn thatmostsignalingframes
areshortenedecaus®f notenoughATM cellsto bede-
livered. Thus, an increaseof the numberof reseration
messageperdownlink signalingburstby reducingits er-
ror protectionis notuseful.

B. Scenariowith AsymmetridPoissonLoad

In the secondsimulationscenariothe Poissorload of
the first scenariois asymmetricallydivided betweenthe
VCs. VC(i) hasaloadof \; = 3 A/2i*! onuplink and
downlink each.Figure8 shawvs theaveragedelayof ATM
cells7,4 overtheoverallload > A aswell asthecomple-
mentarydistribution function (CDF) of delaysperVC for
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aload > A = 0.76 with the probingalgorithm. It can
be seenin the CDF that with the probing algorithm all

downlink cellssuffer thesamedelay but thatthe delaysof
the uplink cells gronv with decreasing\;, sincethe prob-
ability of first requestingcapacitybeforetransmittingan
ATM cell increasesBy comparingthe meandelayswith

the delaysof the symmetricscenariooneseeshatasym-
metric load leadsto a considerableerformancdoss of
the contention-fregrotocol. Figure9 shavs thatthe effi-

cieng of polling hasdecreasedapidly comparedo sym-
metricload, leadingto a highersignalingeffort Spynp of
the contention-fregrotocol.

C. MultimediaScenario

The last simulation scenarioconsidersmore realistic
sourcemodelsof a multimediaapplication. The simu-

Tablel: Parametersf MultimediaScenario
Service ATM class Ap.VC #WT Load Timax Tdmax/Tslot

Voice CBR 64kbps 4 3% 2ms 100
Video VBR 1Mbps 2 22% 20ms 1000
Data ABR 460kbps 10 50% Undef. Undef.

lation modelis accordingto [7]. The parameter®f the
simulationscenaricaresummarizedn Tablel.
Thescenarichasbeenusedto evaluatetheinfluenceof

thelength 7ot /Tshort siot OF Shortslotson delays.In Fig-
ure10themeandelayof ATM cellsfrom differentservice
classess shavn for the probingalgorithmwhenvarying
Tshortslot- |t Canbe seenthat increasingrgnort sioy 1€a2dS
to shorterdelays,but only a slightly furtherimprovement
canbeexpectedwith rgpor s10t > 6.
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Figure 10: Resultsof multimedia scenario: meande-
lays 74 of ATM cellsfor probingalgorithmwith different
lengthsof shortslotsTgport siot = Tslot / T'short slot -

The comparisonof the MAC protocolshasbeenper
formed with rghortsiot = 4. The complementarydis-
tribution functionsof delaysof ATM cells from all ser
vice classesare comparedin Fig. 11. Delays are al-
wayshigherwith the contention-fregorotocolbecausef
thelargersignalingoverheador transmittingcapacityre-
quests. Only the delaysof uplink CBR cells are shorter
with the contention-fregorotocolsincefor eachcell firsta
capacityrequesthasto be transmittedwhich may bein-
volved in a collision, whenusingthe probingalgorithm.
But dueto guaranteeanaximumdelaysduring collision
resolutionswith the probing algorithm, no CBR uplink
cellsaretoo late.

V. REFERENCES

[1] B. Walke, D. Petras,and D. Plassmann;Wireless
ATM: Air Interface and Network Protocolsof the
Mobile BroadbandSystent, IEEE Personal Com-
municationsMagazine vol. 3, pp. 50-56, Aug.
1996.

D. Petras,A. Hettich, and A. Kramling, “Perfor-
manceEvaluationof a Logical Link Control Proto-
col for anATM airinterface; in PIMRC'96, (Taipei,
Taiwan),Oct. 1996.

ETSIRES10,'HIgh PErformancdkadioLocal Area
Network (HIPERLAN), RequirementandArchitec-
tures, Draft ETR,ETSI, 1996.

2]

[3]

D. Petras,“Medium AccessControl Protocol for
wireless, transparenfATM access, in IEEE Wire-
lessCommunicatiorSystem$&ymposium(Long Is-

[4]

probing algorithm, uplink |-
probing algorithm, downlink
contention free, uplink
contention free, downlink

\ e R N
, B

: AN
0001/4@ R TN U

— N )

| ! \ '

- S\ ;

| . :

ol b | | | | |
0 100 200 300 400 500 600
Td/TsIot 3

Figure11: Resultsof multimediascenario:complemen-
tary distribution functionof ATM cell delays.

[5]

[6]

[7]

[8]

[9]

[10]

land, NY), pp. 79-84, Nov. 1995. available at
http://wwwcomnets.rwth-aachen.detas

B. Walke, “Waiting-time distributions for deadline-
orientedserving, in Performanceof ComputerSys-
tems (M. Arato, A. Butrimenlo, and E. Gelenbe,
eds.), pp. 241 — 260, North-Holland Publishing
Compan, 1979.

ITU-T, Recommendation356: B-ISDNATM Layer
Cell TransferPerformance1993.

D. Petrasand A. Kramling, “MA C protocol with

polling andfastcollision resolutionfor an ATM air

interface; in IEEE ATM Workshop (SanFrancisco,
CA), Aug. 1996.

D. BertsekasandR. Gallagey Data Networks En-
glewoodCliffs, NJ: Prentice-Hall,1987.

D. Petrasand A. Kramling, “Fast Collision Reso-
lution in WirelessATM Networks? in 2nd MATH-
MOD, (Vienna,Austria),Feb 1997.

F. Schreiber‘Effective controlof simulationrunsby
anew evaluationalgorithmfor correlatedandonse-
quences,in Proc.12th Int. Teletraffic Congr (ITC),
(Torino),pp.4.3B.1.1-9,1988.



