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ABSTRACT

The WirelesslIP projectwithin the PCC programstudies
problemsthat are crucial in the evolution of UMTS to-
wardshigh datarates,aswell asin future4G technologies
aimedat rapidly mobile terminals. The goalis to attain
higherthrougputsfor paclet datain particularin down-
links, without bandwidthexpansionand while providing
acceptableuality of servicefor variousclasse®f traffic.

Two main techniquesare investigatedto accomplish
this. First, the instantaneoushannelquality of fastfad-
ing channelsis measuredand predictedfor eachuser
Thesepredictionsare utilized in fastlink adaptatiorand
fast schedulingof different userswho sharea channel.
Secondjnformationis transferrecbetweenprotocollay-
ersto reduceinefficiencies. In particular we studyim-
provementof TCPthatareawareof the stateof wireless
links, andthatmaybeintroducedn split connectionsWe
alsoinvestigatethe usein higherlayersof soft informa-
tion from thedecodingn thelink layer, possiblyto create
wireless-avareapplicationghatusecombinedsourceand
channeldecoding.

INTRODUCTION

Our wirelesssystemsare evolving rapidly andall traffic
to mobile terminalswill be IP-basedend-to-endn a not
toodistantfuture. Thisraisesmary performanceradeofs
anddesignissuesandwe needto reexamineour approach
to thedesignof suchnetworks.

Systemdor datacommunicatiorare conceptuallyde-
signedin multiple layers, from applicationdown to the
physicallayer Designand standardizations simplified
whenthelayersaredesignedseparatelywith only limited
interactionbetweerthem.

In the lower layers,the designprinciplesareto alarge
extent basedon averaging: Variationsin channelquality
are counteractedy coding and interleaving. CDMA is
usedpartlyto averageoutandreducevariationsin thedis-
turbanceervironment. Protocolsare designedo control
thelong-termaveragethroughputin areasonablevay.

Within the PCCWirelessIP project,we investigatehe
oppositeto the principlesdescribedabore. The reason
is thatlarge improvementsn performanceandquality of
servicecould be gainedin mobile wirelesspaclet data
systemsby breakingwith thesetraditions: Higher lay-
ersgainefficiency if informationavailableat lower levels
weremadevisible. Thetimevarying natureof mobile ra-
dio channelsshouldfurthermorebe exploited, ratherthan
averagedaway.

Our intendedtarget systemis an asymmetricfourth
generatiorpaclet datasystemthat usesOFDM. The re-
searchis, however, of interestalso for other types of
systemssuchasfurther developmentsof UMTS towards
higherdatarates.Predictordor broadbanathannelsarea
crucialelementof our philosophy We develop suchtools
basednmeasurementsf 5SMHz UMTS channels.

The presentpapergivesa brief outline of our current
research.More extensie presentationgre givenin [1],
[2], [3], [4] and[5] atthis conference Additional details
arefoundin thereferenceswvailablethroughourwebsite.

CHANNEL PREDICTION FOR USE IN FAST LINK
ADAPTATION AND SCHEDULING

We exploit not only slow fading but alsothe short-term
fading of channelsto mobile users. The ideais that an

1This principle is to a limited extent beingintroducedin GSM via
EDGE,which usesadaptve modulationto slonly adjustdataratesto the
channekonditions.We believe this methodcanbe taken muchfurther



instantaneouslgood channelcould enablethe useof a
very high datarate, if the pacletsusedover the wireless
link arenottoo long. At the otherextreme,transmission
nearafadingdip is justawasteof resourceskFurthermore,
the differing fadingfor differentmobile userswill enable
themto sharethe availablebandwidth.

Thetaskis thento optimizeboth quality of serviceand
systenmthroughpuf?], [3], [7], [8]. Ourproposedscheme
is basednfastadaptve modulationandschedulingf the
IP traffic thatadaptgo the short-termfading. We usepre-
dictionsof thefuture channelguality for all active mobile
terminalsandaredevelopingpredictoralgorithmsfor this
purpos€g?9], [10], [11]. SeeFigurel for anillustration.
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Figure 1.  Typical long-term predictionresult for one

channeltap in a channelof bandwidth5MHz at 1900

MHz. The predictionhorizonis 5.5ms. The solid line

is the prediction,overlaidon thetrue tap (thin line) which

hasherebeenestimatedby leastsquarefrom measured
channelsoundingdata. The illustrated predictorusesa

FIR filter. Thedotsandcircle illustratethe spacingof the

FIR filter tapsandthe predictedpoint, respectiely.

Thetraffic to differentuserss scheduledor shorttime
intervals ahead,so that their total satisaction is maxi-
mized. The schedulercontrolsthe outflowv from queues,
one for eachuser and eachtraffic class, seeFigure 2.
Transmissionghatrequirelow delay suchasspeechwill
of coursebe givenhigh priority.

Channelsof desiredquality are not always available
andchannelpredictionwill sometimedail. Codingmust
thereforebe usedto increaserobustness. Turbo coding
is one powerful alternatve [1], [12], but thereare other
techniqueshatintroduceredundang only when required.
We investigatehybrid type-1l ARQ schemesn combina-
tion with the predictive schedulind3], [6]. Hybrid type-I|
ARQ usesincrementalredundanyg. It first sendsan un-
codedtransmissiorand then transmitsadditional redun-
dant symbolsif the previous transmissionsvere unsuc-
cessful[13].
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Figure2: Schematicof the buffer andits queues,and
how they interconnecto thescheduleandlink layer. The
pacletsarrive atthetop andareinsertednto their respec-
tive queuesrestoringorderamongoccasionallyarriving

out-of-orderpaclets. The buffer regularly submitsa sta-
tusreport(A) to the schedulercontaininginfo aboutthe
priorities, thesizeof thequeuesandtherequiredink ser

vice, someof which is alsopassedo the link layer (B).

The schedulingdecision(C) is updatedby the link layer
ARQ, andis thenusedto drainthequeues.

IMPROVED TRANSPORT LAYER PROTOCOLS

Sometimes,perhapsdue to shadev fading, both the
schedulingand coding will fail, and paclets have to be
retransmitted Here, the presentlyusedTCP/IP protocols
areinefficientwhenusedover fadingradio channelswith
time-varying quality. Packet lossesdueto channelcon-
ditions shouldnot be counteractedsif their causewas
congestiorin afixed network.

We studyvariousend-to-endandsplit-connectiormod-
ificationsto TCP that optimize the IP traffic over fading
links [4]. Onetype, a doublesplit connection,is illus-
tratedby Figure3.

Thesealgoritmscontroltheinput to the queuesn Fig-
ure 2. They constitutea flow control systemthat works
onatime-scaleatleastanorderof magnitudeslowerthan
thatof the schedulingalgorithm.

TCPprotocolsoperatingn thewired/wirelessnterface
andoverthewirelesdink canbeimprovedby takinginfor-
mationfrom lower layersinto account.Otherurgentmod-
ificationsare methodsfor estimatingthe available band-
width that are not degradedby paclet lossesand time-
varying delaysintroducedby fadingin the wirelesslink.
Onesuchmaodificationthat promisesa large performance
improvementover wirelesslinks andthatneedso beim-
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Figure3: A double-splitconnectionof TCP. At a gate-
way, TCP paclets are corvertedto a wirelessprotocol

(WP) optimizedfor wirelesslinks, which mightbe a vari-

ant of TCP. The paclets are transferredto the schedul-
ing queuestransmittedandcorvertedbackto TCP atthe

othersplit point locatedin the wirelessdevice. Thus,no

changeseedo beintroducedatthe TCPend-pointsTCP

applicationghatcannothandlesemanticdoreakageaused
by the split will not have their paclets corvertedto WP

but will justuseheadercompression.

plementednthesendersideonly is TCPWestwood[14].
It hasbeeninspiredby recentcontroltheoreticalinsights
into the natureof TCP andpaclet dataflow controlalgo-
rithmsin general15].

USE OF SOFT INFORMATION IN
WIRELESSNETWORKS

IP-BASED

The proposedprocessingcreatesnformation, suchas
softdecodedsymbolsor MAP estimatesthatis not avail-
ableto higherlayersin presensystems.We proposeand
investigatehe useof suchinformationfrom thelink layer
in higherlayersandin applicationg5].

To give just a simple example: If a single bit error
occursthat is not recoverableby the coding, the whole
paclket mustnormally be re-transmittedyith a consider
abledelay If theapplicationonthewirelessdevice could
usea MAP estimateof the uncertainbit for exampleto

recreatea nearperfectimageor sound,the needfor re-
transmissionsvould bereduceddrastically
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