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WhatIsInterferenceAvoidance?

�Eachtransmitterknowsitschannel(oraverage)

�Receiverbroadcastscovariance

�Usersgreedilyadjustmodulation

�Receivertrackscodewordchanges

�(Amazingly)everythingsettlesdowntoanoptimum
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WhereAreWeNow?

�Interferenceavoidancecanbeusedon:

–fading/dispersivechannels

–asynchronoussystems

–multiuserMIMOsystems

�REALLYwantmultiplemutuallyinterferingtransceivers

–Notquitethereyet

–Mightneedinterference-tropic(seeking)methods
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BrassTacks:VectorChannelModel

r�

L

∑��1

H�x��n

�User�inputvectorx�:dimensionN�

�ChannelmatrixH�:N�N�(N�N�)

�Receivedvectorr:dimensionN

�Additivenoisen:dimensionN
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MulticodeCDMA
�Eachxisasuperpositionofindependentinformationstreams:
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�B:numberofcodewordsused
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MulticodePictorialRepresentation
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YetAnotherMulticodePicture

T2T3T

user 1

user LFrame synchrony (with guard time)

Waveform scaled by symbol value

Distinct waveform per symbol stream 
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OurGeneralapproachtoMAC

�differentusersindifferentsignalspaces

�differentdimensionsandpotentialoverlap

�allsubspacesofthereceiversignalspace

�usemulticodeCDMA
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InterferenceAvoidance

�Donefromtheperspectiveofeachinfostream(eachcodewordsij)

�Avarietyofreplacementproceduresandcodewordorderings

�Guaranteedtoconvergeinclass

�Agivenuser’scodewordssharethesameSINR

�Optimalconvergenceproofshavebeenbears

�Empiricallyalwaysconvergestooptimum
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IAIterationPossibilities

�MMSE:useMMSEfiltercoeffsascodeword(Ulukus&Yates)

�GREEDY:highestSINRcodeword(andcorrespondingfilterat

receiver)

�LAGGED:uselinearcomboofcurrentandgreedytarget

�RANDOM:doanyotherCWwhichincreasesyourSINR.
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EMERGENTWaterfilling
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WhiteningApproachDetails

�Whitening:

QkRQ
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SINRImprovementApproachDetails
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SumCapacityandIA

�SumCapacity:
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�Simultaneouswaterfilling�maximumsumcapacity

–assumingeachuserhasenoughcodewordstowaterfill

�IA(optimal)fixedpointismutualwaterfilling
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IA:notnecessarilyiterativewaterfilling

�Iterativelyreplaceeachuser’scodewordsuntilconvergence

–Iterativewaterfilling�maximumsumcapacity

[Yu,etal,2001]

�Randomlyreplacecodewordsuntilconvergence

–Simultaneouslywaterfilledensembles�maximumsumcapacity

�Toofewcodewords(truewaterfillingimpossible)stillconverges

–Sumcapacitymax’ed?(notknown,suspectyes)
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IAandOFDMChannelModels

�Usetonesasbasis

�Obviouslycomplexrepresentationspossible,but...

–Single-sided:troublewithtoofewdimensions(notenough

eigenvectors)

–Double-sided:unrealizablecodewords

�Couldadaptwithsomeredefinitionsandalgebraicplay

�Weuserealrepresentationsfor“notationalsimplicity”
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Conclusions
�Interference+MultiaccessChannels=maximumsumcapacity

–Iterateperuser(iterativewaterfilling)

–Iterateotherways(emergentwaterfilling)

�Iterativelyincreasessumcapwhentruewaterfillingimpossible

�CanapplyIAtoanyvectorchannelproblem:

–generaldispersivechannels,

–multiuserMIMO

–asynchronoussystems,etc.

�Future:independentmutuallyinterferingsystems–interference

channel
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