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n recent years, the importance of wireless communications is
increasing thanks to the numerous types of services support-
ed by wireless devices, which allow the realization of the

always best connected vision. However, the dramatic boost
toward miniaturization and nanoscale technologies requires rethink-
ing of wireless communications on such a scale. 

In 1998, the Alliance for Telecommunications Industry
Solutions (ATIS), one of the seven world leading ICT stan-
dards development organizations, introduced a definition for “wire-
less” [1]. This definition states that wireless is “descriptive of a
network or terminal that uses electromagnetic waves (including
RF, infrared, laser, visible light and acoustic energy) rather than
wire conductors for telecommunications.”

This definition is most relevant to the traditional vision of
pure electromagnetic wireless communications that are embed-
ded in various devices found within our environment. While
the transformation from wired to wireless communication has
improved connectivity for end users and spawned new research
areas, the field as a whole is approaching a crossroad. The
main reason for this is the emergence of miniature devices, in
particular devices that are built from nano components, which
has led to new challenges for the wireless communication paradigm. 

The field of nano communication has been developed as a
new emerging area that will aim to address these challenges.
This new field can be categorized into two main areas:
• Electromagnetic nano communication (EM-nano)
• Molecular communications
EM-nano communication utilizes electromagnetic waves for
communication, and requires addressing a number of new chal-
lenges not covered by current wireless communication paradigms
[2]. For example, unexplored frequency bands have to be utilized
due to the nanoscale size of nanomachines and, thus, their
antennas; also, nanonetworks require a large set of functions to
be performed including addressing, information propagation,
and access control, where traditional solutions may not be appli-
cable due to the remarkable limitations in terms of computing
and communication capabilities characterizing the nanoma-
chines. Molecular communications, on the other hand, enable com-
munication between nanomachines taking inspiration from natural
biological mechanisms and requires a multidisciplinary perspec-
tive [3–7]; this new area of research is basically a cutting edge research
field that is emerging to be very promising, as witnessed by the increas-
ing number of financed research projects [8, 9]. 

For this special issue, we solicited research articles address-
ing wireless nanoscale communications under different per-
spectives, including pure EM-nano as well as molecular
communications. A total of 25 manuscripts were received in response
to our solicitation. Each article underwent two rounds of rigor-
ous review, and finally seven papers were accepted for publication. 

Starting from a molecular perspective, the article entitled
“MoNaCo: Fundamentals of Molecular Nano-Communication
Networks” by Akyildiz et al. presents a branch of research
focused on investigating the use of molecules to encode and
transmit information among nanomachines as a viable solution
to realize nano-communication networks.

A similar perspective is explored in “Calcium Signaling: An
Overview of a Molecular Communication Paradigm” by Kuran
et al., where the authors focus their attention on mechanisms
for molecular communications based on calcium signaling. Cal-
cium signaling is a natural intercellular calcium wave found in biol-
ogy cells that enables communication at short range between cells.
Using this form of signaling can enable short-range communi-
cation that exploits a combination of biological constructs and engi-
neered cells.

In “A New Frontier of Wireless Communications Theory:
Diffusion-Based Molecular Communications” by Cheng et al., the
authors explore the communication theoretical analogs and
differences between electromagnetic and molecular concepts
in wireless communications. In particular, the authors explored
the mechanisms of channel coding and intersymbol interfer-
ence with a particular focus on diffusion-based molecular com-
munications. 

Also, in “Networking Challenges and Principles of Molecu-
lar Communication” by Llatser et al., diffusion-based molecu-
lar communication (DMC) is addressed where information encoded
into a concentration of molecules is diffused throughout the medi-
um. In this work, again a parallelism between the physical
channel of DMC and concepts taken from wireless electromag-
netic communications is considered. The main challenges of DMC
are discussed, and guidelines for the design of a novel network
architecture for DMC networks are provided. 

The article “Enabling Communication and Cooperation in Bio-
Nanosensor Networks: Toward Innovative Healthcare Solutions”
by Agoulmine et al. discusses a new class of eHealth solutions
inspired by bionanosensors working at a microscopic size inside
the human body. These miniaturized biosensors will be able to
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communicate to exchange information about sensed molecules or
chemical compound concentration and therefore draw a global
response in case of anomaly. In order to realize this capability,
two communication techniques are reviewed: electromagnetic
wireless communications in the terahertz band and molecular com-
munications. The characteristics of these two modes of com-
munication are highlighted, and a general architecture for the
bionanosensors is proposed along with examples of a coopera-
tion scheme. 

Moving to a pure electromagnetic perspective, the article
entitled “Applications and Performance of a Nanoreceiver
with Carbon Nanotube Antenna Forest” by Koksal et al. dis-
cusses an RF nanoreceiver based on a forest of carbon nan-
otube (CNT) antennas packaged together. The authors present
a discussion on the robustness of CNT receivers for scenarios
of both low and high signal-bandwidth at given SNR values.
The relationship presented by the authors, shows that the achieved
rate grows as n(1/4) with the number of CNTs.

Due to the high level of spatial miniaturization achievable using
this CNT technology, many millions of CNTs can be packaged
together, resulting in achievable rates comparable to commercially
available wireless receivers.

Finally, Matolak et al., in their article entitled “Wireless
Networks-on-Chips: Architecture, Wireless Channel, and Devices,”
discuss hybrid wired/wireless architectures for wireless net-
works-on-chips (WINoCs), which hold substantial promise for
enhancing multicore integrated circuit performance by augmenting
conventional wired interconnects. 

Use of wireless connections can help to both save power
and reduce latency. In this article the iWISE architecture is designed
and illustrated with the aim of a scalable wireless interconnect
design. Interesting results on the integration of wireless and
wired interconnects in NoCs are drawn, thus allowing the
power consumption to be reduced by more than 30 percent
while speeding up real applications by a factor of 2.5.

Research in wireless communications at the nanoscale is bound
to increase in coming years. We have had the great pleasure of
putting together this special issue, composed of new exciting research
work that highlights recent advances in wireless communica-
tions at the nanoscale. We thank the numerous authors who
submitted papers to this special issue, and the anonymous ref-
erees for their timely and conscientious reports. The result is a fine
collection of articles we are confident will lay a strong founda-
tion for this new emerging area, and result in exciting reading
for the wireless communication audience. We also want to
thank Editor-in-Chief Prof. Hsiao-Hwa Chen and former Edi-
tor-in-Chief, Prof. Y. M. Fang for their support in making this spe-
cial issue a great success.

REFERENCES
[1] ANSI T1 Standard, “T1.414-1998 — Network to Customer Interfaces-

Enhanced 911 Analog Voicegrade PSAP Access Using Loop Reverse-Bat-
tery Signaling.”

[2] I. F. Akyildiz and J. M. Jornet, “Electromagnetic Wireless Nanosensor Net-
works,” Nano Communication Networks J., vol. 1, no. 1, June 2010, pp.
3–19. 

[3] E. De Leo et al., “On the Feasibility of Using Microfluidic Technologies for
Communications in Labs-on-A-Chip,” Proc. IEEE ICC 2012, Ottawa, Cana-
da, June 2012.

[4] L. Galluccio, S. Palazzo, and G. E. Santagati, “Capacity Analysis for Signal
Propagation in Nanomachine-to-Neuron Communications,” Proc. IEEE
MonaCom 2012 (ICC 2012 Wksp.), Ottawa, Canada, June 2012. 

[5] I. F. Akyildiz, J. M. Jornet, and M. Pierobon, “Nanonetworks: A New Fron-
tier in Communications,” Commun. ACM, vol. 54, no. 11, Nov. 2011, pp.
84–89.

[6] F. Dressler et al., “Guest Editorial Bio-Inspired Networking,” IEEE JSAC,
vol. 28, no. 4, 2010, pp. 521–23.

[7] A. W. Eckford, “Nanoscale Communication with Brownian Motion,” Proc.
IEEE CISS 2007, Baltimore, MD, Mar. 2007.

[8] NSF MoNaCo Project, http://www.ece.gatech.edu/research/labs/bwn/
monaco/index.html.

[9] SAMSUNG Project, http://www.patentbolt.com/2012/04/samsung-
invents-implantable-medical-device-for-the-brain.html.

BIOGRAPHIES
LAURA GALLUCCIO [M] (lauragalluccio@gmail.com) received her laurea degree
in electrical engineering from the University of Catania, Italy, in 2001. In
March 2005 she got her Ph.D. in electrical, computer, and telecommunica-
tions engineering from the same university. In 2002 she joined the Italian Nation-
al Consortium of Telecommunications (CNIT), where she worked as a
research fellow within the VICOM and SATNEX Projects. Since November
2010 she has been an assistant professor at the University of Catania. Her research
interests include nanocommunication networks, ad hoc and sensor net-
works, protocols and algorithms for wireless networks, and network perfor-
mance analysis. In 2005 she was a visiting scholar at the COMET Group, Columbia
University, New York. She is member of Sigmobile. She has been Guest Edi-
tor for Elsevier Ad Hoc Networks Journal, Special Issue on Cross-Layer Design
in Ad Hoc and Sensor Networks, and is Associate Editor of Wiley Wireless
Communications and Mobile Computing Journal and Elsevier Ad Hoc Net-
works Journal. She was also Demo Chair of ACM Sigmobile MobiOpp 2010
and TPC Member of numerous prestigious ACM and IEEE conferences. She
was the recipient of the Marisa Bellisario International Prize in 2002.

OZGUR B. AKAN [SM] (akan@ku.edu.tr) received B.S. and M.S. degrees in
electrical and electronics engineering from Bilkent University and Middle
East Technical University, Ankara, Turkey, in 1999 and 2001, respectively.
He received his Ph.D. degree in electrical and computer engineering from
the Broadband and Wireless Networking Laboratory, School of Electrical
and Computer Engineering, Georgia Institute of Technology, Atlanta, in
2004. He is currently an associate professor with the Department of Electri-
cal and Electronics Engineering, Koc University and director of the Next-
Generation Wireless Communications Laboratory (NWCL). His current
research interests are in wireless communications, acoustic communica-
tions, nanocommunications, and information theory. He is an Associate Edi-
tor for IEEE Transactions on Vehicular Technology, International Journal of
Communication Systems (Wiley), European Transactions on Telecommunica-
tions, and NanoCommunication Networks Journal (Elsevier). He served as
an Editor for ACM/Springer Wireless Networks Journal (2004–2010), as an
Area Editor for Ad Hoc Networks Journal (Elsevier) (2004–2008), as a Guest
Editor for several special issues, as TPC Co-Chair for the 13th ACM Interna-
tional Conference on Modeling, Analysis and Simulation of Wireless and Mobile
Systems, General Co-Chair for The Third International Conference on Bio-Inspired
Models of Network, Information, and Computing Systems, European Vice Chair
for the Second International Conference on Nanonetworks, an International
Vice Chair for IEEE INFOCOM 2006, and on organizing and technical pro-
gram committees of many other international conferences. He is the Vice
President for IEEE Communications Society – Turkey Section. He is a mem-
ber of ACM. He is an IEEE Communications Society Distinguished Lecturer
(2011–2012). He received the IEEE ComSoc Outstanding Young Researcher
Award for EMEA Region 2010 (as runner-up), the IBM Faculty Award twice
in 2010 and 2008, and Turkish Academy of Sciences Distinguished Young
Scientist Award 2008 (TUBA-GEBIP).

SASITHARAN BALASUBRAMANIAM [M’05] (sasib@tssg.org) received his Bachelor (elec-
trical and electronic engineering) and Ph.D. degrees from the University of Queens-
land in 1998 and 2005, respectively, and Master’s (computer and communication
engineering) degree in 1999 from Queensland University of Technology. He
joined the Telecommunication Software and Systems Group (TSSG), Water-
ford Institute of Technology (WIT), Ireland, right after completion of his
Ph.D. He is currently the manager of the Bio-Inspired Network research unit
at the TSSG. He has worked in a number of Irish funded projects (e.g., Sci-
ence Foundation Ireland, PRTLI) and EU projects. His research interests
include the bio-inspired future Internet, as well as molecular communica-
tions.

RAGHUPATHY SIVAKUMAR (siva@ece.gatech.edu) is aprofessor in the School of Elec-
trical and Computer Engineering at Georgia Tech. He currently serves as the chair-
man and CTO of StarMobile, Inc. Previously, he served as the founder and
CTO of Asankya, Inc., (now EMC), and as a technologist for EG Technology,
Inc., (now Arris). He received his Ph.D. and M.S. degrees in computer science
from the University of Illinois at Urbana-Champaign in 2000 and 1998,
respectively. He is the recipient of several research and teaching awards
including the Georgia Tech Sigma Xi Best Thesis Advisor awards (2006
[Ph.D.], 2004 [M.S.]), the Outstanding Young Faculty Award at the School of
ECE, Georgia Tech (2004), the ACM MobiCom Best Student Paper Award (co-
author, 2003), and the David J. Kuck Best Doctoral Dissertation Award from
the Department of Computer Science (2001). He serves on the editorial
boards of the ACM Wireless Networks Journal and Elsevier Science’s Com-
puter Networks Journal, and serves on program committees of IEEE and
ACM conferences. 

GUEST ED I T O R I A L

LYT-GUEST EDIT-Galluccio_Layout 1  10/11/12  3:09 PM  Page 11



<<
  /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


