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ABSTRACT

The WirelessIP projectwithin the PCCprogramstudies
problemsthat are crucial in the evolution of UMTS to-
wardshighdatarates,aswell asin future4Gtechnologies
aimedat rapidly mobile terminals. The goal is to attain
higher througputsfor packet datain particularin down-
links, without bandwidthexpansionandwhile providing
acceptablequalityof servicefor variousclassesof traffic.

Two main techniquesare investigatedto accomplish
this. First, the instantaneouschannelquality of fast fad-
ing channelsis measuredand predictedfor eachuser.
Thesepredictionsareutilized in fast link adaptationand
fast schedulingof different userswho sharea channel.
Second,informationis transferredbetweenprotocol lay-
ers to reduceinefficiencies. In particular, we study im-
provementsof TCPthatareawareof thestateof wireless
links, andthatmaybeintroducedin split connections.We
alsoinvestigatethe usein higher layersof soft informa-
tion from thedecodingin thelink layer, possiblyto create
wireless-awareapplicationsthatusecombinedsourceand
channeldecoding.

INTRODUCTION

Our wirelesssystemsareevolving rapidly andall traffic
to mobile terminalswill be IP-basedend-to-endin a not
toodistantfuture.Thisraisesmany performancetradeoffs
anddesignissuesandweneedto reexamineourapproach
to thedesignof suchnetworks.

Systemsfor datacommunicationareconceptuallyde-
signedin multiple layers, from applicationdown to the
physicallayer. Designandstandardizationis simplified
whenthelayersaredesignedseparately, with only limited
interactionbetweenthem.

In the lower layers,thedesignprinciplesareto a large
extent basedon averaging:Variationsin channelquality
are counteractedby coding and interleaving. CDMA is
usedpartly to averageoutandreducevariationsin thedis-
turbanceenvironment. Protocolsaredesignedto control
thelong-termaveragethroughputin a reasonableway.

Within thePCCWirelessIP project,we investigatethe
oppositeto the principlesdescribedabove. The reason
is that large improvementsin performanceandquality of
servicecould be gainedin mobile wirelesspacket data
systemsby breakingwith thesetraditions: Higher lay-
ersgainefficiency if informationavailableat lower levels
weremadevisible. Thetimevaryingnatureof mobile ra-
dio channelsshouldfurthermorebeexploited,ratherthan
averagedaway1.

Our intendedtarget systemis an asymmetricfourth
generationpacket datasystemthat usesOFDM. The re-
searchis, however, of interest also for other types of
systemssuchasfurther developmentsof UMTS towards
higherdatarates.Predictorsfor broadbandchannelsarea
crucialelementof our philosophy. We developsuchtools
basedonmeasurementsof 5MHz UMTS channels.

The presentpapergivesa brief outline of our current
research.More extensive presentationsaregiven in [1],
[2], [3], [4] and[5] at this conference.Additional details
arefoundin thereferencesavailablethroughourwebsite.

CHANNEL PREDICTION FOR USE IN FAST LINK
ADAPTATION AND SCHEDULING

We exploit not only slow fadingbut also the short-term
fading of channelsto mobile users. The idea is that an

1This principle is to a limited extent being introducedin GSM via
EDGE,whichusesadaptive modulationto slowly adjustdataratesto the
channelconditions.Webelieve this methodcanbetakenmuchfurther.



instantaneouslygood channelcould enablethe useof a
very high datarate,if the packetsusedover the wireless
link arenot too long. At theotherextreme,transmission
nearafadingdip is justawasteof resources.Furthermore,
thediffering fadingfor differentmobileuserswill enable
themto sharetheavailablebandwidth.

Thetaskis thento optimizebothqualityof serviceand
systemthroughput[2], [3], [7], [8]. Our proposedscheme
is basedonfastadaptivemodulationandschedulingof the
IP traffic thatadaptsto theshort-termfading.We usepre-
dictionsof thefuturechannelquality for all activemobile
terminalsandaredevelopingpredictoralgorithmsfor this
purpose[9], [10], [11]. SeeFigure1 for anillustration.
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Figure 1: Typical long-term prediction result for one
channeltap in a channelof bandwidth5MHz at 1900
MHz. The predictionhorizon is 5.5ms. The solid line
is theprediction,overlaidon thetruetap(thin line) which
hasherebeenestimatedby leastsquaresfrom measured
channelsoundingdata. The illustratedpredictorusesa
FIR filter. Thedotsandcircle illustratethespacingof the
FIR filter tapsandthepredictedpoint, respectively.

Thetraffic to differentusersis scheduledfor shorttime
intervals ahead,so that their total satisfaction is maxi-
mized. The schedulercontrolsthe outflow from queues,
one for eachuser and eachtraffic class,seeFigure 2.
Transmissionsthatrequirelow delay, suchasspeech,will
of coursebegivenhighpriority.

Channelsof desiredquality are not always available
andchannelpredictionwill sometimesfail. Codingmust
thereforebe usedto increaserobustness.Turbo coding
is onepowerful alternative [1], [12], but thereareother
techniquesthatintroduceredundancy only when required.
We investigatehybrid type-II ARQ schemesin combina-
tion with thepredictivescheduling[3], [6]. Hybrid type-II
ARQ usesincrementalredundancy. It first sendsan un-
codedtransmissionand then transmitsadditionalredun-
dant symbolsif the previous transmissionswere unsuc-
cessful[13].
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Figure 2: Schematicof the buffer and its queues,and
how they interconnectto theschedulerandlink layer. The
packetsarriveat thetopandareinsertedinto their respec-
tive queues,restoringorderamongoccasionallyarriving
out-of-orderpackets. The buffer regularly submitsa sta-
tus report(A) to the scheduler, containinginfo aboutthe
priorities,thesizeof thequeues,andtherequiredlink ser-
vice, someof which is alsopassedto the link layer (B).
The schedulingdecision(C) is updatedby the link layer
ARQ, andis thenusedto drainthequeues.

IMPROVED TRANSPORT LAYER PROTOCOLS

Sometimes,perhapsdue to shadow fading, both the
schedulingand coding will fail, and packetshave to be
retransmitted.Here,thepresentlyusedTCP/IPprotocols
areinefficient whenusedover fadingradiochannelswith
time-varying quality. Packet lossesdue to channelcon-
ditions shouldnot be counteractedas if their causewas
congestionin afixednetwork.

Westudyvariousend-to-endandsplit-connectionmod-
ificationsto TCP that optimize the IP traffic over fading
links [4]. One type, a doublesplit connection,is illus-
tratedby Figure3.

Thesealgoritmscontrol theinput to thequeuesin Fig-
ure 2. They constitutea flow control systemthat works
ona time-scaleat leastanorderof magnitudeslower than
thatof theschedulingalgorithm.

TCPprotocolsoperatingin thewired/wirelessinterface
andoverthewirelesslink canbeimprovedby takinginfor-
mationfrom lowerlayersinto account.Otherurgentmod-
ificationsaremethodsfor estimatingthe availableband-
width that are not degradedby packet lossesand time-
varying delaysintroducedby fadingin the wirelesslink.
Onesuchmodificationthatpromisesa largeperformance
improvementoverwirelesslinks andthatneedsto beim-



Figure3: A double-splitconnectionof TCP. At a gate-
way, TCP packets are converted to a wirelessprotocol
(WP)optimizedfor wirelesslinks, whichmightbeavari-
ant of TCP. The packets are transferredto the schedul-
ing queues,transmittedandconvertedbackto TCPat the
othersplit point locatedin the wirelessdevice. Thus,no
changesneedto beintroducedattheTCPend-points.TCP
applicationsthatcannothandlesemanticbreakagecaused
by the split will not have their packetsconvertedto WP
but will justuseheadercompression.

plementedonthesender-sideonly is TCPWestwood[14].
It hasbeeninspiredby recentcontrol theoreticalinsights
into thenatureof TCPandpacket dataflow controlalgo-
rithmsin general[15].

USE OF SOFT INFORMATION IN IP-BASED
WIRELESS NETWORKS

The proposedprocessingcreatesinformation,suchas
soft decodedsymbolsor MAP estimates,thatis not avail-
ableto higherlayersin presentsystems.We proposeand
investigatetheuseof suchinformationfrom thelink layer
in higherlayersandin applications[5].

To give just a simple example: If a single bit error
occursthat is not recoverableby the coding, the whole
packet mustnormallybe re-transmitted,with a consider-
abledelay. If theapplicationon thewirelessdevicecould
usea MAP estimateof the uncertainbit for exampleto

recreatea near-perfectimageor sound,the needfor re-
transmissionswouldbereduceddrastically.
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