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1 BACKGROUND

We believe that virtually all traffic will soonbe paclet
basedusing IP. Traffic to small end-userdevices, often
mobile,is expectedo bethemostexplosive marketof all.

The useof thesedevicesis expectedto grow at an even
higherratethanthe presentnternettraffic. We areonthe
vergeof the“postPCera”,andthePCCresearchprogram
is well positionedwith respecto thistrend.

Sowhatarethe problems?neof themis the marriage
betweenlP andwirelessnetworks with fading channels.
IP is designedor fixed networks of high quality (low bit
errorrate)andalargeavailablebandwidth.Unfortunately
the quality of wirelessnetworksfor mobile usersis often
severely degradeddueto fadingandinterference.More-
over, they areseverely bandwidthlimited®. ThereforelP,
aswe know it today doesnotwork properly

Pawerful channekodingcanalleviatebadquality (high
bit errorrate),andit is frequentlymentionedasa straight-
forwardsolutionto improve IP traffic over wirelesslinks.
In our opinion,thisis aninefficientsolution,sinceit leads
to unnecessarilyow spectrumefficiengy. The mainrea-
sonis thatmobilewirelesdinks aretimevaryingin nature.
Traditionalcodingwould thereforebe excessvely conser
vative sinceit is designedor theworstcasechannel(deep
fades).To maintainhigh quality transmissionye instead
adwocatethe useof adaptivetechniquesso thatthe chan-
nel canalwaysbe usedto its maximum. Suchtechniques
maybeblind in situationsvherethechanneis notknown
atthetransmittef.

Another problemwith IP in general,and IPv6 in par
ticular, is the extensve overhead. This is not an essen-
tial problemonfiber links, sincebandwidthis notlimited
to the sameextentasit is on a wirelesslink. Using to-

1Theavailablecapacitywill, of coursejncreasavhenGPRS EDGE
and 3G mobile systemsareintroduced but the capacityof fixed broad-
bandconnectionswill expandeven more. Thus, in relatve terms,the
frustrationencounteredby mobile usersof wirelesslinks will probably
increaseatherthandiminish.

2Theonly availableinformationaboutthechannetonditionis in that
casethe ACKs andNACKsreceved from therecipient.

day’s IP on a wirelesslink will significantly reducethe
spectralefficiency (definedas userdatarate per one Hz
of bandwidth)dueto the overhead.Headercompression
techniquesreavailable,but the currentproposalgio not
make muchof adifferenceonawirelesdink. Thefraction
of the availablecapacityusedfor headerswill have to be
reducecconsiderably

A furtherissueis the well known factthat TCP/IPcan-
not offer a given maximumdelay This is a problem
on both fixed andwirelesslinks, but it becomes worse
problemon fadingwirelesslinks dueto the time-varying
natureof the channel. This problem hasbeenconsid-
eredin the literature,but it is still far from solved. The
problemis also closely connectedo multiple accesge-
sourcescheduling. Thereforeprotocolsand scheduling
algorithmswould benefitfrom beingdesignedointly.

2 PROJECT OBJECTIVES

The objectie of this projectwill beto find andanalyze
new andimprovedair interfacetechniquesandprotocols
for paclet basedtraffic over wirelessand mobile data
links®.

The ideasandconceptsve proposeareinterconnected
and mutually supporting. The aim of the projectas a
wholeis thatthe researchresultsareto beintegratedinto
asystem-lgel proposal.

Our projectis intendedtowardsoptimizing both qual-
ity of serviceand systemthroughput;whatever the type
of dataor sourcecoding, and whatever the quality and
variability of the underlyingwirelesslink, our taskis to
provide moreefficient paclettransmission.

3 ELEMENTS OF A SOLUTION

We believethatinternetraffic onthefixednetwork should
notcontinueoverfadingwirelesdinks asTCP/IPtraffic; it

3Note thatwe focuson a more difficult situationthanthatencoun-
teredin fixedwirelesslinks, suchasWLANSs. Our objectivesalsodiffer
from “mobile IP”, whereworldwide mobility of IP addressess thegoal.



shouldonly appeato farendusersandto someof themo-
bile usersasif this wasthe case.To optimizethroughput
and/orusersatisactionover the wirelesslinks, we intend
to combinethe following tools and conceptdnto a radio
accesschemdor pacletdata:

e Gatevaysand proxies. At theinterfacebetweenthe
fixednetwork andthe wirelesslinks, thereshouldbe
gatavays, or low-level proxies. They communicate
with maximumspeedover fiber with far-end users
while optimizing andschedulingthe traffic to wire-
lessusers. They buffer the data, reformatthe data
and adaptthe protocolsto the quality of the wire-
lesslink andto the type of wirelessclient. We will
proposesolutionsthat are partly differentfor “thin
clients” (WAP mobile phonesnot-so-intelligentap-
pliances,..)and“fat clients” (future deviceswith or
above presentaptop-like power).

e Linkadaptation.Eachwirelesdink will varyin qual-
ity, and differentuserswill have differentrequire-
mentsfor speedand lateng. In somesituations,
the channelquality may be known at the transmit-
ter andthenthis informationshouldbe utilized in a
non-blindtechnique.Suchinformationwill improve
the throughputconsiderably We intendto build on
our presentwork in this area,on adaptve modula-
tion andcodingandon hybrid ARQ scheme$1],[2].
We will useand further develop methodsbasedon
the predictionof channelquality (C/1), which have
beendevelopedwithin anotherproject[3]. Suchpre-
dictionsarekey toolsin ary non-blindadaptatiorof
thetransmissiorover thechannel.

¢ System-leel adaptationand scheduling With mary
userdn apaclet-orientedsystemmultiple accesse-
sourceschedulingof the usersbecomes key issue,
sincedifferentusergor links) will interferewith one
another Theobjective is to obtainhigh systemievel
performancein additionto anadequat@erformance
for eachuser

Within the RadiolnterfaceDesignproject,we have
investigatedhe effect of adaptve modulationalong
with time-slotschedulingof IP-like traffic in a sce-
narioinvolving severaltypesof mobilehostsandone
basestation.Ourrecentlydevelopedschedulekeeps
the bit errorrate at attractize low, pre-specifiedev-

els, well suitedfor Forward Error Correction(FEC)
codes[4]. Moreover, the schedulersplits the band-
width accordingto thetraffic situation,sothateither
systemthroughpubr usersatisctionis optimized-.

Multivariable feedbackalgorithms for transmitter
power controlwill beimportantin our continuedin-
vestigationof system-lgel optimization. They will
also be importantfor limiting the power consump-
tion of mobileterminals.

4Here,usersatishctionmeanghattherequirementsf differentusers
with differing requirementsuchaspriority, time delaysandbit-ratesare
satisfiedasmuchaspossible.

Much work remainsto be doneon thesetopics. Ob-
viously, the quality playsanimportantrole. It is not
alwaysclearwhich quality measureshatareimpor-
tant: For someusershigh quality maybeto transmit
atalow dataratewith low bit errorrate,whereador
othersquality maybe a high dataratewith alow de-
lay, or evenisochronougransmissionRequirements
for relatedmilitary wirelessmobiledatasystemssee
e.g. [5], are partly differentfrom thosein our in-
tendedcivilian focus.

Efficient protocolsfor wirelesslinks. We will pro-
posenew more efficient protocolsfor the wireless
links, with lessoverheadandwith paclet sizesop-
timizedfor this particularmodeof transmissionThe
goal is to designthem so that they arefully trans-
parentto the application.Someclients(suchaspro-
gramsin laptops)will believe they arecommunicat-
ing over an end-to-endTCP/IP link. For that rea-
son, sufficientinformationwill have to be transmit-
tedoverthewirelesslink sothatan|P streamcanbe
re-createdht thewirelessterminal.

The conceptsabove areinterrelatedandrich opportuni-
tiesexist for creatingawholethatis morethanthe sumof
theseparts.We have takenthis asourtaskduringthe next
two years.
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