A VC-based API for Renegotiable QoS in Wireless ATM Networks

T.-W. Cherj P. Krzyzanavskil M. R. Lyu, C. SreenaftandJ. Trotter
Bell Laboratories
LucentTechnologiesMurray Hill, NJ07974

Abstract

Quality of Service (QoS) support for multimedia applications
has been widely discussed in the context of high speed wired net-
works. As interest increases in wireless ATM networks that extend
the connection to a wireless endpoint, the issue of QoS over a
wireless link has to be addressed. In this paper, we focus on the
provision of QoS at the application level in a wireless environ-
ment. Our work includes the design of an application program-
ming interface (API) that allows applications to specify and rene-
gotiate the QoS level during a call; as well as the implementation
of such API in a wireless ATM testbed: the SWAN system [1]. Ex-
periments are performed to verify the effciency of this scheme,
and the results reveal quality control for multimedia applications
despite changing network conditions.

1 Introduction

Thiswork is motivatedby therising popularityof wirelessdata
networking and the desirefor mobile, multimediacommunica-
tions. Wirelesstechnologyhasrecentlybegunto take off andit
is predictedthatthe market will reach600 billion dollarsby the
year2010[5]. Wirelessnetworking is inherentlyunreliableand
variousforms of interferenceesultin changingoandwidthavail-
ability andlow effective bandwidthglueto higherrorrates.These
problemsareexacerbatecdsusersmove around.Behavior of this
kind requiresa freshlook at how suchnetworks canbe usedto
supportapplicationsvhich demandsomedegreeof predictability
We adoptthe approactof ATM, in which QoSis usedto form a
servicecontractbetweerapplicationsandthe network. We build
on thatwork by recognizingthat an unreliablewirelessnetwork
demands moredynamicapproactto resourceusage.Many ap-
plicationscandealwith varyingbandwidthavailability oncepro-
vided with sufficientknowledgeof the resourceclimate. Typical
examplesinclude audio and video applicationswhich can alter
their rate or encodingto matchthe available bandwidthor deal
with differenterrorrates[3, 4]. Ourcontrikutionis aQoSscheme
which builds on this notion of adaptationby providing explicit
rengyotiation.Thisis similarin spirit to thefeedbacknechanisms
for nonreal-timetraffic in ATM, but differsin thatwe aimto pro-
videfeedbackight upto theapplicatiorlevel, notjustto thesend-
ing host[6]. Thuswe incorporaterenayotiationasa key partof
our QoSAPI (applicationprogrammingnterface).

In this paper we reportour work of realizinga QoS scheme
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describedabove. Theremaindeof this paperis organizedasfol-
lows: Section2 briefly describeghewirelessATM network used
asatestbedor our QoSdesignjmplementatiorandexperiments.
Section3 laysoutthedesignpolicy of our QoSAPI andthemech-
anismto supportit. In Section4 we addresshe majorfunctions
providedin our system,while in Section5 the experimentalre-
sults are analyzed. Finally, the conclusionand future plansare
describedn Section6.

2 The SWAN Environment
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Figurel: SWAN systemarchitecture

We usedthe SWAN (SeamlesVirelessATM Network) sys-
tem[1], whichis atestbedor wirelessnetworked computing. It
consistsof mobile units which areusuallylaptops,andbasesta-
tionswhichareconnectedo abackbonenetwork. As indicatedn
Fig. 1, boththe basestationsandlaptopsareequippedwith ara-
dio interfaceknown asthe FAWN (Flexible Adapterfor Wireless
Networking)[7] cardthatallows themto communicatevith each
otherwirelessly Eachbasestationhasarangeof 100feetinside
a building, providing accesdo a local areanetwork for mobiles
in its vicinity. The mobilescommunicatewith the basestations
andwith eachother allowing themto createad-hometworksthat
continuallychangeasthe mobilesmaove around.
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Figure2: The SWAN TDD scheme



It is worth notingthata TDD (Time Division Duplex) scheme
shawvn in Fig 2 is usedto sharethe bandwidthbetweerthe base
stationand the mobile host. As describedn [1, 2], the traffic
of eachdirectionalternatvely transmitsa databurstof 10 ATM
cellsat atime andthenswitchesto receving modefor datafrom
the otherdirection. Dueto the overheadntroducedby the TDD
schemendthe ATM cell structureusedin SWAN, theachiezable
bandwidthis 240Kbpsin eachdirection.

3 Design of QoS-VC API

Thegoalfor the designof this API is to useexisting interfaces
andfacilities provided by widely acceptedperatingsystemsin-
steadof creatinganad-hocsystemor proposinganew, proprietary
interface. As SWAN was first developedunderLinux, a UNIX-
like systemijt will berathereasyfor a programmeto accesslata
andmanipulateQoSoneachVC justlikean ordinarydevice under
UNIX. Basedonthis considerationthe QoS-VCAPI instantiates
eachATM Virtual Circuit asa uniquecharacterevice, andthe
QoSnegotiationis consideredn a perVC basis.In this section,
we describethedetail of eachAPI function,the mechanisnto re-
alizethis QoS-VCschemendthefunctionsthatachieved by this
scheme.

3.1 The API

e int open(char *vc _dev_name, int flags)
Theopen() functionactivatesa VC by openinga VC de-
vice specfied by vc _dev _name, which corresponds$o an
I/O queuen thedevice driver (describedater). Applications
may requestry VC as long asit is not exclusively usedby
otherentities.open() returnsthe handlerfor accesgo the
VC. If open()returns-1, it meanghatit failed to openthe
VC thattheapplicationspectied.

e int write(int char *buff, int

nbytes)

write() attemptsto move up to nbytes of userdata
storedin buff to a VC outboundbuffer for delivery. If
nbytes is largerthanthe available spacein the outbound
queuewrite()  returnsthenumbetthathave actuallybeen
moved. Within thewrite() ~ function, userdatais broken

into ATM cells whoseheaderscontainthe appropriateVC

VC,

information.
e int read(int vc, char *buff, int  nbytes)
Theread() functionsattemptgo copy uptonbytes from

the VC inbound queueto the spaceuser specfied space,
*pbuff . If nbytes is largerthanthe datain the recev-
ing buffer, read() only returnsthe actualnumberof bytes
thatcanbereadfromthequeueread() removestheATM
cell headefrom eachcell in ainboundqueuethenresembles
thembeforethey arepassedo applications.

e int ioctl(int vc, int  QoSrequest, long
argument)
The ioctl() function is the key function for QoS rene-

gotiation. Throughioctl() , applicationsmay request
that the systemto provide the required bandwidth and
delay over eachVC. The parametergsmplementedfor the

3.2

QoS ngyotiationare listed in Table 1. The default values
shavn in the tableindicatethat if the applicationdoesnot
make any QoSrequestUBR serviceis providedwith zero
bandwidthresered. Thatis, the besteffort servicewill be
provided. ioctl() may also be invoked duringa call, in

caseapplicationmeedto rengyotiatea new QoScontract.

[ QOSREQUEST | ARGUMENT | DEFAULT |

VC_SER/ICE ABR,CBR,UBR UBR

VC_MIN_BW n (Kbps) 0 (Kbps)

VC_PREEBW m (Kbps) 0 (Kbps)
VC_MAX _DELAY d (usec) oo (usec)

Tablel: ioctl(): parameters

int  signal(int
*gos _handler(int))
The UNIX systemcall signal() cannotbe classliedasa
QOSAPI. However, sinceit is necessaryo have ainterface
for the network systemto inform applicationsabout the
changein achievable QoS, signal() is selectedfor this
purpose. The signal() function allows applicationsto
setupan interrupt handlingroutine, qos _handler() , to
handlethe changein QoS. After a QoS handlingroutineis
usedby the application,the systemcaninform the applica-
tion onceit detectsa changen radioquality suchthata QoS
contractcanno longerbe supported.Thereafterinsteadof
sacrficing the QoS by sendinginappropriataraffic into the
network, the applicationamay adjusttheir outputto adaptto
thecurrentnetwork condition.

QO0SSIGNAL, void

int  close(int VC)
Contrarilyto open() , close()
tion andfreesupthel/O queue.

terminatesa VC connec-
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Fig. 3illustratesthe systemblock diagramandtherelationship
betweenuserapplicationsand FAWN hardware. The QoS-VC
API actsasaninteractioninterfacebetweeruserapplicationsand



hardware. Applicationscommunicatenith the QoS mechanism
throughthis API. A groupof priority queuesaredynamicallyal-
locatedin the kernelspacegachof thesequeuess mappedo an
individual VC (in Fig. 3, only six queuesare activated). Once
a VC is openedandits QoS is negotiatedthroughioctl()
which interactswith the QoSmanagelqos -mgr() ) for service
andbandwidthspeciication,the QoS managetranslateshe re-
guestedservicetype andbandwidthin termsof time slotsfor car
rying datacellsin eachdataburst. This informationwill be kept
in the QoStable (qos _table() ) thatwill later be referredby
theVC schedulefvc _schedule() ). TheQoSmanageis also
responsibldor monitoringthe overall link quality andproviding
feedbacldirectly to applicationavhentherequeste@oScannot
be satigied or whena betterserviceis available. This feedback
is implementedhroughthe UNIX signal() , as describedn
Section3.1.

The VC schedulereadspacletsfrom thoseactivatedqueues
andsendghemto the FAWN hardwarefor transmissionlt senes
thesemultiple queuesn a Oround-robinashionwhich allows a
controlof QoSgranularitysuchthatonecircuit will notdominate
thedatapathwith alarge chunkof data.

3.3 System Functions

QoSresenationandQoSrengyotiationaretwo majorgoalswe
achieve by providing QoSAPI andVC mechanismsThey arethe
keysto providing multimediatraffic supportin wirelessnetworks.
Thedetailsof how theseareimplementedaredescribedelow.

3.3.1 QoS Reservation Threetypesof QoSareconsidered
in the currentimplementation:servicetype, bandwidthand de-
lay. The supportfor eachof theseservicequalitiesaredescribed
below:

e Service Type

Currently ABR, CBR andUBR arethreeservicetypessup-
portedby SWAN throughthe VC scheduler Basedon the
QoSinformationstoredn QoStable,theVVC schedulecom-
putesthe necessargervicerateto eachqueue.A prioritized
round-robinschemeallows the VC scheduleiin eachtime
frameto provide sufficientservicefor all CBR queuedirst,
thenthe ABR, andif thereis ary bandwidthleft it will be
usedfor UBR queues.

It is the QoS managedesponsibilityto malke surethatthe
total of CBR and ABR queueswill not requirebandwidth
thatexceedshelink capability Thisis describedext.

e Bandwidth Reservation
In SWAN TDD systemthe allocatedbandwidthcanberep-
resentedn termsof the numberof time slots devotedto a
connectionFor example,a connectiorgrantedwith oneslot
in eachdataburstis sened at the bit rate of 24 Kbps (240
Kbps/10slots)in SWAN TDD scheme.

To resene bandwidth the QoSmanagecorvertseachband-
width requestnto thenecessarpumberof time slotsto meet
therequirementlf the amountof time slotscannotbe allo-
cated thebandwidthrequests rejected.

e Delay Control
In SWAN, asthelow bandwidthradio communicatioronly

exists betweerthe mobile hostandthe basestation,mostof
the communicatiordelayis considerechsa combinationof
the queueingdelayandthe radio transmissiordelay Since
the radio transmissiordelayis usually fixed and cannotbe
avoided,ourwork focuseon the controlof queueinglelay

The QoSmanagedetermineshe queudengthbasedon the
requestedielay andthe requestedandwidthfrom userap-
plications. In short,the longerof the tolerabledelayis, the
longerthe queuewill be. A sideeffect of this approachis
thatpacletsmaybelostinternallydueto thequeueoverflow.
Thus,usersmay needto considerthe trade-of betweerthe
pacletslossrateandthe queueinglelay

3.3.2 QoS Renegotiation As statedin the introduction,
QoSrengyotiationis verynecessarin awirelessnetwork because
wirelesscommunicatiornis unreliableand mary applicationsdo
have the ability to adaptto differentnetwork conditions. Thus,
ourwork proposea feedbacknechanisnmo informsapplications
of thechangen QoS.Theapplicationcanbendit from thismech-
anismby simply settingup handlerssuchthatwhenthey arenoti-
fied of the changein QoS,they could adjusttheir dataratebased
onthelatestQoSinformation.

This proposedeedbacknechanisnis alsoimplementedn the
QoS managemwhich hasdirect accesdo the radio hardware to
learnthe currentstatusof theradio. For example,whenthe QoS
managedetectsthe decreasén radio bandwidth,it first reduces
the serviceto the UBR traffic; if sucha reductionis not suff-
cientto guarante¢herequestedbandwidthfor all ABR andCBR
traffic, it thenreduceghe ABR/CBR servicerateto its minimum
requirement.Finally if the bandwidthis still not sufficient, QoS
managewill proratethe assignedandwidthon all the CBR and
ABR circuitsandsignalthe correspondingpandlersmplemented
in theapplicationgo notify thechangeof QoS.Uponreceving the
signalfrom the QoSmanagerthe handlerin eachapplicationcan
decidewhetherto accepthenewly assigned@oShby, for example,
reducingthe framerateor samplingrateetc., or to terminatethe
connectionsor to reneyotiatea new QoSwith the QoSmanager

4 Experimental Results

Several multimediaapplicationshave beenmodified to verify
the performanceof our QoSVC scheme.Theseapplicationsin-
cludea video programthat sendimageframesin a raw datafor-
mat (bit map) or compressedideo usingH.263[4], aswell as
a file transferprogram. All theseapplicationsdisplay a signif-
icant quality improvementover the original programsthat used
interfacethat providedin traditionalnetwork protocol (TCP/IP).
Usingtheseprogramsye performedseveral experimentsandwe
summarizeheresultsin this section.

4.1 Bandwidth Management

Firstly we studythe performanceof our QoSVC schemeby
using threedifferenttraffic sources:one datagramgd/ andtwo
videos,vI andv2. dl is a paclet generatowhich cangenerate
dataashigh asthefull link capacity(240Kbps). It is executedn
the backgroundiuringthewhole experimentto represena hear-
ily loadedsystem. v/ is an uncompressettideo sessiorwhich
transmitsan uncompressegideo snapshobf about 18K bytes



at every 2 secondq72 Kbps). It startsat time = 15 secondand
transmitsfor a total of 35 frames. V2 is anotheruncompressed
videosessiorsimilar to video 1, but the framerateis doubled(1
frames/secabout144 Kbps) andit transmitsfor 100 framesin
total. In anideal QoS-guaranteedrvironment,both v/ andv2
shouldbegrantedor 72 Kbpsand144Kbps,respectiely, andd!
shouldonly usethebandwidththatis left available.

Fig. 4 shavstheexperimentatesultusingtheQoSVC scheme.
Thelinesshavn arethe bandwidthof eachtraffic obseredat the
recever. In this figure,we canseethat constanbandwidthis re-
sened for vI andv2 which usethe CBR service,while dI uses
all theresidualbandwidthsinceit is designedo usethe ABR ser
vice andwill thus be grantedfor the residualbandwidthin our
experiment.Thechange®f thebandwidthusedby the ABR d! is
exactly whatwe expectedn a QoS-guaranteeervironment.
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Figure4: Receved bandwidthusingVC-QoS

As acomparisonyve repeatedhe sameexperimentusingUDP
which was also developedin [1] and doesnprovide ary QoS
guarantee.Theresultis shavn in Fig. 5. In this figure,we ob-
sene that dueto the lack of a QoS mechanismthe amountof
bandwidththata connectiorcanutilize is relatedto how aggres-
sive the traffic sourceis. As vI generateslataat 72 Kbps, it is
lessOaggresseOthand!. Thereforebetweentime = 15 and90
secondsthe quality of vI suffers by having to competewith d1.
Notev2 is moreaggressie (144Kbps)thanvi, thusbetweerthe
35thsec.andthe90thsec. theobsenedbandwidthshovs thatall
thesethreesessiongetabout1/3 of the bandwidth(v1 is in fact
slightly lessthantheothertwo). Whenv! stopsatthe90thsecond,
video2 andd! bothgethalf of thebandwidth.In this experiment,
noneof the video sessiongyet the bandwidththey require,and
both of themsuffer from fluctuationsn bandwidththatthey get.
Note that the fluctuationbetweentime = 15 sec. and 35 sec. is
more significantthanthat betweentime = 90 sec. and 150 sec.
This is becauser! transmitsvideo frameslower (0.5 frame/sec)
andtendsto fall behindthe competitionwith dI. However v2
transmitsvideoin a fasterpace(1l frame/sec)soit cansharethe
bandwidthwith dI more competitvely. Moreover, the decrease
in obsened maximumbandwidthin this experiment(220 Kbps)
comparingwith the previousone (240Kbps)in QoSVC scheme
is dueto theoverheadn UDP/IP headers.

It is obsenred that sincethe bandwidthprovided to the two
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Figure5: Receved bandwidthusingUDP

videosessionarelessthanexpectedthedurationsfor bothvideo
sessionsn Fig 5 arelongerthanthosein Fig 4. This is caused
by thedelayof the lower, fluctuatingbandwidthobtainedoy both
sessions.

4.2 Delay Jitter Control

To studytheimpactof QoSonamultimediasessionye exam-
ine the distribution of interframedelayof a video session.The
traffic understudyis alsoan uncompressedideo source which
transmitsabitmapvideoframeof 19K bytesevery 1.2 secondsgor
atotal of 500frames.We measurdheinter arrival time between
eachframeattherecever end. Theresultsaredepictedin Fig. 6
throughFig. 9 andsummarizedn Table2. Thebackgroundraffic
is the datagranprogramsimilar to whatwe usedin the previous
experiments however, it generateslataat the rate of 110 Kbps
suchthat the total bandwidthis within the given link capacity
Theresultsareasexpected:underthe QoSVC schemethedelay
jitter is well controlledevenin thepresencef theexistenceof the
backgroundraffic. Ontheotherhand,usingthe UDP protocolex-
periencesa completelydifferentresult. Its videosourcehasa de-
centdelayvarianceof 0.064.whenthereis no backgroundraffic;
but whenit comesto the existenceof backgroundraffic, the de-
lay variancedoublesandbecomesinpredictableWe seethe UDP
(with no QoS)postssereredelayjitter problemsin heavy traffic
situation. Our QoSVC mechanismon the otherhand,is stable
andefficient. Regardlesdo the network total load, it only intro-
duces2.6%morein delayoverheaccomparedvith UDP scheme
withoutary load.

Protocol QoSs-VC UDP(noQoS)
Backgroundraffic | Yes | No | Yes | No

Meandelay(sec) || 1.224| 1.224| 1.474| 1.193
Variance 0.056| 0.056| 0.112 | 0.064

Table2: Summaryof Delay Jitter

5 Conclusions and Future Work

In this paper we proposea kernellevel mechanisnthat pro-
videsapplicationswith a directQoSfeedbackrom theradiolink.
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This mechanismegotiatesandguaranteethe servicelevel when
radio link is stable. Whenthe link quality changesandthe re-
guestedQoS cannotbe satigied, it informs applicationsdirectly
througha feedbacksignal. Therefore,insteadof an inadequate
performancealueto insufficientandvaryinglink quality, the traf-
fic sourcehasa chanceo adjustandbestutilize thechangindink
quality without droppingthe connection.We arenow investigat-
ing the supportfor theinterfacingwith QoSsignalingfrom wired
network suchaswired ATM. Theapplicationof ourproposed)oS
schemedo otherwirelesssystemshasedon differentMAC proto-
colslike IEEE 802.11is alsobeingevaluated.
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