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Vision

To develop new capacity definitions for the appropriate
MANET metrics and models.

To find novel communication techniques that expand
the associated achievable rate regions.

To exploit network degrees of freedom optimally

To integrate security and robustness into the
information theory of MANETS



New Theory
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New capacity definitions

Scaling laws that make sense

Adaptive coding over degrees of freedom
Cooperation, relaying and conferencing
Error exponents

Mismatch detection

Capacity with security and robustness



New Capacity Definitions

. New capacity definitions needed that allow for

dynamics, errors, delay, etc.
) Capacity with outage
) Expected capacity

» Coding theorems to achieve capacity under
these definitions are fundamentally different.

» The network application(s) dictate the “right”
capacity definition



Cooperation in
Wireless Networks
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L. Many possible cooperation strategies:
A Virtual MIMO with DPC, relaying (DF, CF, AF), one-
shot/iterative conferencing, and network coding
). Nodes can use orthogonal or non-orthogonal channels.

» Forwarding/routing/network “coding” should not be
based on a point-to-point model



Virtual MIMO vs. Relaying
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Comparison of Cooperation Schemes (with an equal rate constraint, a = 4)
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Relative Benefits of
TX and RX Cooperation
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(a) Transmitter cooperation (b) Receiver cooperation

» Two possible CSI models:

A~ Each node has full CSI (synchronization between Tx and relay).
L Receiver phase CSI only (no TX-relay synchronization).

» Two possible power allocation models:

A Optimal power allocation: Tx has power constraint P, and relay
(1-2)P ; 0=4=1 needs to be optimized.

A Equal power allocation (2 = '2).



Effective Cooperation
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Gain only realized with the right cooperation strategy
With full CSI, Tx co-op is superior.

With optimal power allocation and receiver phase CSI, Rx co-op is
supetriot.

With equal power and Rx phase CSI, no gain from cooperation.



Conferencing Relay Channel
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A Willems introduced conferencing for MAC (1983)

) Transmitters conference before sending message

. We consider a relay channel with conferencing
between the relay and destination

» The conferencing link has total capacity C which
can be allocated between the two directions



Iterative vs. One-shot
Conferencing

Iterative
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» Weak relay channel: the iterative scheme is disadvantageous.

A Strong relay channel: iterative outperforms one-shot
conferencing for large C.



Cognitive radio cooperation

A One of the transmitters is a cognitive radio
n It “overhears” transmission of primary user
\ It partially obtains primary user’s message

& it can cooperate

» The setting becomes

Secondary user e Decoder -
(cognitive radio) /' . X

4. Decoder 2

Primary user



Idealized model
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L Secondary user learns the whole message W,

» Capacity region determined:

) For the Gaussian channel in weak interference

[Wu, Vishwanath & Arapostathis, 2006 |
A For strong interference [Maric, Yates & Kramer, 2005]

» We have upper and lower bounds on capacity for this
model.



Crosslayer Cooperative Broadcasting
via Dualized Erasure Correction Codes
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* Major 1ssue in wireless networks: interference.

» High level: noise well understood

 Many network designs suppress interference by
orthogonalization and successive cancellation.

e If cooperation is enabled, interference can provide benefits.



Interference has value

» Allow noise to be managed by physical layer,

interference info exposed to app layer for handling.
\ Interference carries information

(Rell,Rel2) Rx1 Rx2 Rx3  «Rx] only hears Rell, Rx3 only hears

(-1,-1) 1 1 1 Rel2, Rx2 hears both
(-1,1) 1 o 1 Physical scenarios:
(1,-1) 1 % 1 *BPSK with additive combining

*Non-coherent modulation with FSK
(1,1) 1 1 -1



Deterministic BC Channel

(Rell,Rel2) Rx1 Rx2 Rx3
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A Although DBC dual to Slepian Wolf, developing
practical codes is non-trivial.

» Encoding is hard, decoding easy

% On opposite side of entropy boundary; so using off-the-
shelf LDPCs yields exponentially many codewords

consistent with what observed.



Rate Splitting Approach

A low-complexity
capacity-achieving strategy
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Coding at vertices

First stage of pipeline, can use

Cover’s “enumerative source coding” technique

Later stages: use Luby’s generator-form LT
codes

Dualize the algorithm + dualize the linear code

In 1-to-1correspondence with Digital Fountain
coding on the binary erasure channel




Cooperation and
Coding Posters

A "Capacity Gain from Transmitter and Receiver
Cooperation," C. Ng. and A. Goldsmith

A "Fundamental Limits of Networks with Cognitive
Users," 1. Maric and A. Goldsmith

A "Capacity Definitions of General Channels with
Receiver Side Information,” M. Effros, A. Goldsmith,
and Y. Liang

A "Crosslayer Cooperative Broadcast Communication via
Dualized Erasure Correction Codes'", T. Coleman




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


