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1 Introduction

Themaingoalof next generatiorwirelesssystemss to
provide multimediacommunicatiorwith spectrallyef-
ficientcommunication Most of the up-to-datesystems
have beenstandardisetb useOFDM modulationwhich
preventsinter-symbolinterferenceandmake useof par
allel subcarriersThelarge numberof subcarrierdhelps
to avoid theeffectsof fastfadingby distributingchannel
codedinformationover differentsubcarriersHowever,
if the transmitteris informed aboutthe channelstate
(CSI - ChannelStatelnformation), more sophisticated
adaptve transmissioriechniquesnight be applied[4].

CSl canprovide informationaboutthe channelstate
(e.g. attenuatioron eachsubcarriervhich canhelpthe
transmitterto choosethe right constellationsize, am-
plification factorandthe state(shouldwe useit or not)
of eachsubcarrierThemethodis calledadaptve, since
transmissiomparameterareadaptedo thechannekon-
ditions.

In wired communicationsystemswhere OFDM is
applied(e.g. onxDSL lines),the adaptie transmission
hasbeenwidely applied already[1]. However, in a
wired ernvironmentthe conditionsare almostconstant,
thus the transmitteradaptsto the channelconditions
duringthe initialisation phaseno adaptationis needed
during the communicationphase. Wirelesscommuni-
cationdiffers that here continousadaptatioris needed
to maintaineffectivelinks betweerthemobilenodeand
theaccesgpoint. MoreoverCSiltraffic shouldbeasmin-
imal aspossible to avoid thewasteof resources.

Ontheotherhandmultimediastreamsconsistof dif-
ferent types of flows. Someof themis sensitve to
paclet losses,othersdo careof delays. Evenif only
video framesaretransmitted someinformationshould
beprotectecasmuchaspossible(e.g. intraframescon-
sisting of the completedescriptionof the whole pic-
ture), and othersmight be lost (e.g. framesdescrib-
ing temporal motion information) without noticeable

performancedegradation.Usually bitstreamswith dif-

ferentperformanceequirementaregroupedinto traf-

fic classes.Our taskis to supportdifferentprotection
mechanismdor differenttraffic classes.In the litera-
tureit is usuallyreferredto asUnequalError Protection
(UEP).UEP: s traditionally performedat channelcod-
ing level.

In this article UEP at the modulationlevel is con-
sideredwhen OFDM modulationis applied(separate,
non-overlappingsubcarriers). Basically bit loadingis
consideredwhich bit to putto which subcarrier) Only
somebasicCSl informationis assumedo be available
atthetransmitter This paperfocuseson the methodof
bit loading,theintelligencebehindthat. Otherpartsof
the systemarebeyondthe scope.The aim of this paper
is to derive clearmathematicakquationghatdefinethe
goalof thebit loadingmethods.

In Section2 the physicalmodelis illustrated.In Sec-
tion 3 themathematicaformalisationof thebit loading
algorithmis given. Finally, in Section4 a conclusion
closeghedocument.

2 Physical model

The transmissiorsystemconsidereddasicallyconsists
of a channelencoderfollowed by the bit loadingalgo-
rithm. As usualin OFDM, InverseFastFourier Trans-
form (IFFT) is appliedwith a parallel to serial con-

version (the guardintenval is also insertedhere),and
theresultis modulatecbnthecarrierfrequeng (around
5GHzin mostof todaywirelessOFDM systems).The

channelis modelledas a noisy attenuatorat eachsub-
carrier Therecever doesthereverseprocessfirst the

guardintenal is removed, then serialto parallel con-

versiontakesplace. The FastFourier Transform(FFT)

producesheestimateof the sequencehusafterthede-

cisionthe channeldecodeiis the last block, wherethe

streammustpassthrough.



To simplify theinvestigationchannekodingandde-
codingis not taken into accountin this paper Let us
assumehat 4, A, ..., Ay arrivesat theinput of the
IFFT block. It hasbeenproven[2] thattheoutputof the
FFTblock(Z1, Zs, ..., Zxn) will be
whereH,, is the channelattenuatiorin the nth subcar
rier, W, denotesthe weigth coeficient relatedto the
nth subcarrierwhich allows non-uniformpower level
allocationat the recever side. Finally z,, is the noise
which is a zero meanindependentomplex Gaussian
variablewith commondeviation for all n. Thesimple
linearmodelof (1) is the basisfor investigation.

3 Mathematical Formalisation

We assumeF’ traffic classes.Theinput parameterare
thefollowing: {e, b, h, N}, whereN denoteghenum-
ber of subcarriergnumberof subchannelsisedby the
bit loading algorithm), vectore = [P,[¢]] storesthe
pre-definedminimal bit error probabilitiescorrespond-
ing to eachtraffic class(how much error is tolerated
by the relatedflow). Vectorb = [b[¢]] containsthe bit
ratesof differenttraffic classes.The lengthof vector
e andb equalsF'. Sincethe numberof subcarriersare
usually muchlarger thanthe numberof traffic classes
we assumen the sequelthat i < N. Finally, vector
h = [H,] containsthe channelattenuationvalues.We
assumehatit is perfectlyknown by the transmitter

The output parameters are the following:
{m,w,C}, wherem [M,] containsthe con-
stellationsizesof eachsubcarrier Thatis, M; = 2
refersto simple BPSK modulationon the first sub-
carrier M, tells M,-QAM modulation on the nth
subcarrierand M5 = 1 shovs no communicatioron
the 20th subcarrier(with onevaluein the constellation
diagramit is impossibleto communicate) Thusvector
m is a discreteone (eachcomponenitcan get integer
values). Vectorw storesthe amplifying gainson each
subcarrier Obviously eachsubcarriercanbe amplified
continously Finally, matrix C = Cj; is alsoa discrete
matrix, whereC;; = 1, if theith subcarrieiis applied
for transmittinginformationof the jth traffic class,and
0 otherwise. The dimensionof matrix C is N x F.
In every row theremustbe atleast(F' — 1) zeros(one
subcarriercan carry only one traffic class),thus this
matrix s filled with at mostV ones.

The optimisationis taken careof by a properopti-
misationtechnique.To sase battery the emittedpower
shouldbe minimisedduring the optimisation,the total
of whichis givenas:

2 .
Pr = g(m —-1)" - diag [ww'] - 1, (2)
wherel is a columnvectorfull of ones.
Thefollowing constraintsmustbe satisfied:
b < CT -logy(m), 3)

wherethe log, function for vectorsis interpretedthe
sameway asfor realnumbers:it computesoneoutput
for eachcomponent®f the vectorargument.This con-
strainttellsthattheavailablebit rateshouldbesuficient
for all traffic classes.
The otherconstraintassuresuficiently smallbit er-
ror probabilityfor all classes:
e> CT Y, (4)
wherey = [y,] is definedasthe bit errorratio on the
nth subcarrie((it is a corollary of M-QAM modulation

[5]):
erfc{1 / W} , (5)

where H,, is the channeltransferfunction gainrelated
to the nth subcarrierando? is the power of Gaussian
thermalnoiseat every subcarrier

Note that, however (2) is a linear function of the
parametersboth constraintsare non-linearfunctions.
Somepossiblemethodswhich cansolve the above for-
malismareto bedemonstrateéh theseminar

o = 2/ = 1)
" VM, - 10g2 M,

4 Conclusions

In this paperthe problem of adaptve bit loading is
mathematicallyformalised. The effect of channelen-
codinganddecodingwas not taken into account,thus
a possibleenhancementf the derivation would be to
describethe systemwith the channelencoder/decoder
However, without themthe problemis still very com-
plicatedanddifficult to solve. Possiblesoltutionsto the
describecsystemwill begivenin the seminar
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