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e are back this month with a sequel to our May 2013 Fea-

ture Topic on heterogeneous and small cell networks (Het-
SNets). In this follow-up, we have six more articles that address
cognitive radio, moving cells, WiFi offloading, and energy efficiency
aspects of HetSNets. The first article, by Song ez al., provides a holistic
view of hyper-dense HetSNet deployments by comparing massive
antenna and dense deployment, and providing some enabling technolo-
gies that can handle the technical challenges in HetSNets. To further
manage interference and enhance spectral efficiency, the concept of
cognitive radio can be exploited by reusing underutilized portions of
the licensed spectrum, provided that the transmissions of secondary
radios do not cause harmful interference to primary users. The next
two articles are on the use of cognitive radio techniques by HetSNets.
The article by Hossain et al. discusses how cognition in small cells can
be exploited for overcoming multi-tier coexistence issues. Using
stochastic geometry, user offloading and distributed channel access
techniques are analyzed. The next article, by Wang et al., is on cognitive
radio inspired approaches for interference mitigation in femtocell net-
works. Techniques including spectrum sensing for cross-tier interfer-
ence estimation, spectrum sharing, and cognitive relay are presented.

Due to the proliferation of mobile devices, an exponential
increase in data traffic is compelling mobile operators to find ways
to offload data traffic. The next article, by Bennis et al., addresses
the intelligent integration of both WiFi and small cells to perform
traffic offload in a cost-effective manner.

The continuous demand for higher data rates and the ever
increasing number of wireless users have led to rapid increase in
power consumption and the operating cost of cellular networks.
Deploying small cells is seen to be a promising way of implementing
energy-efficient, or so called green, multi-tier cellular networks. The
fifth article, by Shakir et al., focuses on energy-efficient HetSNets and
proposes deployment of small cells around the macrocell edge with
adaptive uplink power control as a means to reduce CO, emissions.

The last article, by Sui et al., is on the use of mobile relays for
improving the wireless broadband experience on moving vehicles, such
as buses, trams, and trains. Mobile relays help reduce vehicular penetra-
tion loss, and allow exploitation of powerful smart antenna techniques,
which are not limited by the size of typical wireless devices. Both of
these benefits are verified through simulation results in the article.

Before closing, we would like to thank again all submitting authors for
considering our Feature Topic, our reviewers for their high-quality evalua-
tions, and the editorial/publishing team of IEEE Communications Magazine
for their patience in working with us. From the many high-quality submis-
sions, it has been a real challenge to select the best and most relevant
papers. Considering the active interest in small cell PHY enhancements in
Third Generation Partnership Project (3GPP) Release 12 standardization
and beyond, we believe that both Feature Topic parts have been very time-
ly. We hope that they will trigger new research activities in both academia
and industry as we head into the small cell revolution.

BIOGRAPHIES

ISMAIL GUVENC [SM’10] (iguvenc@fiu.edu) received his Ph.D. degree in electri-
cal engineering from the University of South Florida in 2006, with an out-
standing dissertation award. He was with Mitsubishi Electric Research Labs
during 2005, and with DOCOMO Innovations Inc. between 2006 and 2012,
working as a research engineer. Since August 2012, he has been an assistant
professor with Florida International University. His recent research interests
include heterogeneous wireless networks and future radio access beyond 4G
wireless systems. He has published more than 70 conference and journal
papers, and several standardization contributions. He has co-authored/co-
edited three books for Cambridge University Press, and is an Editor for IEEE
Communications Letters and IEEE Wireless Communications Letters.

ToNY Q.S. QUEK [SM’12] (tonyquek@sutd.edu.sg) received B.E. and M.E.
degrees in electrical and electronics engineering from the Tokyo Institute of
Technology in 1998 and 2000, respectively. At MIT, he earned his Ph.D. in
electrical engineering and computer science in February 2008. Currently, he
is an assistant professor with the Information Systems Technology and
Design Pillar at Singapore University of Technology and Design. He is also a
scientist with the Institute for Infocomm Research. He is currently an Editor
for IEEE Transactions on Communications and IEEE Wireless Communica-
tions Letters. He received the Singapore Government Scholarship in 1993,
the Tokyu Foundation Fellowship in 1998, and the A*STAR National Science
Scholarship in 2002. He was honored with the CAS Fellowship for Young
International Scientists in 2011, and the 2012 IEEE William R. Bennett Prize.

MARIOS KOUNTOURIS [M] (marios.kountouris@supelec.fr) received his Diploma in
electrical and computer engineering from the National Technical University of
Athens, Greece in 2002, and his M.S. and Ph.D. degrees in electrical engineering
from the Ecole Nationale Supérieure des Télécommunications, Paris, France, in
2004 and 2008, respectively. In 2008-2009 he was a research associate at the
University of Texas at Austin. Since June 2009, he has been an assistant professor
at the Department of Telecommunications at Ecole Supérieure d’Electricité,
France. He has published more than 60 journal and conference papers, and has
served as organizer and technical program committee member for several top
international conferences and workshops. He is currently an Editor for the
EURASIP Journal on Wireless Communications and Networking. He also received
the 2012 IEEE SPS Signal Processing Magazine Award and the Best Paper Award
in Communication Theory Symposium at IEEE GLOBECOM in 2009.

DAVID Lopez-Perez (david.lopez-perez@alcatel-lucent.com) is a member of
technical staff at Bell Laboratories, Alcatel-Lucent, Dublin, Ireland. He
earned his Ph.D. in wireless networking from the University of Bedfordshire,
United Kingdom, in 2011. In 2010-2011, he was a postdoctoral research
associate at King's College London, United Kingdom, and in 2005-2006, he
was with VODAFONE Spain, working in the area of network planning and
optimization. In 2011 and 2009, he was invited researcher at DOCOMO
USA Labs, Palo Alto, California, and CITI INSA, Lyon, France, respectively. He
has published more than 50 book chapters, and journal and conference
papers, all in recognized venues, and filed a number of patents. He is a
founding member of IEEE TSCGCC, and has been awarded as an Exemplary
Reviewer for IEEE Communications Letters. He is an author and/or editor of
several books, and he is or has been a Guest Editor of [EEE Communica-
tions Magazine, ACM/Springer MONE, and EURASIP JCNC.

IEEE Communications Magazine * June 2013

19




<<
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /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 (None)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile 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 (Cadmus settings for Acrobat Distiller 9)
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 2400
        /PresetName (Cadmus_Flattener_Presert)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


