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Abstract|ln  this paper, we presenta survey concernedwith
reseach focusing on the corvergence of wir elesssensor net-
works (WSN) and mobile cellular networks (MCN). The con-
vergence of WSNs and MCNs may be a trigger stimulating
new reseach dealing with such issuesas architecture, proto-
colsand air interfaces. The highlights and constraints of the
phenomenonare discussedin this paper as well. The survey
deals with convergence networks and with their smarty city
applications. A few openreseach issuesare also brought to
the attention of reseachers specializingin this eld.
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1. Introduction

A wirelesssensometwork (WSN) is a network of ad-hoc
nodes(sensornodes)deployed in a physical environment
to collectinformationfor di erent applications.lIt is used
for sensingprocessingandcommunicatingnformationre-
gardingtemperaturepressureyibrations,humidity [1], [2].
Considerableesearh hasalreadybeencaried out over the
pag two decadeson di erent designaspectsof WSNsin
orderto addresghe challengesa ecting di erent applica-
tions [3]. The designaspectdocuson software and hard-
ware congraints, power consumption(battey life), ardi-
tecture design and topology managment, protocol stack
and crosslayer issues,time syndronizationand location
techniques,andon communicatiorstandard42]. Many re-
seart articles addressssuesrelatedto the MAC layer and
network layer [4], [5]. WSN designsalsotake into consid-
erationsud factorsasfault tolerance power consumption,
scalability latency dataintegrity, secuity, low cog and
quality of sewice (Qo0S).

WSN sensorsare deplo/ed at remotelocationsto collect
and processinformation for di erent applications[6]. In
some cases,the information may also be routed through
a mobile cellular network (MCN) [7]. Therebre,the ow
of informationbetweenWSNsandMCNs shouldbe seam-
less. For example,in health monitoring applications,in-
formation aboutthe patients vital body parametersieeds
to be sentto a physician using a body areanetwork [8].
Light wirelesswearablemedical devices with specialized
sensorsare usedto collect medicaldata. The information
can be routedthroughmobile phonesthat act as gatevays
to the hospitals sewer unit. Many sud applicationscan
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be developedfor smat cities usingboth WSNsandMCNs.
The convergenceof WSNsand MCNs may be potentialy
bene cial for both solutions. In this paper we madean
attemptto review literature on the corvergenceof WSNs
and MCNs andon the researh challengeslying ahead.

In general, cornvergence of two heterogneousnetworks,
sud as WSNs and MCNs, may enhancemadine-to-ma-
chine(M2M) communicatiorf9]. For example thelntemet
of Things (IoT) { a conceptthat originatesfrom a WSN,
plays an important role in creating the infragructure of
a communicationsnetwork [10]. Lower mobility-related
robugness,small coverage and weak terminals of WSNs
may be overcomeby the mobility, robugness large cover
age and powerful terminals of MCNs [11]. The processes
of deplgying andmanagingICNs are expensive compared
to WSNs. However, MCNs o er a higherdegee of layer
control, prolonged network life time and provide QoS for
WSNs. Similady, WSNs may also act as enablersof the
cognitive andintelligent aspectsof MCNs. Therebre, fur-
ther researh focusingon the developmentof data-centic
applicationsand sewices for corvergent networks needs
to be conducted.Furthemore, newv enablingtechnologies
shouldbe developedfor WSN and MCN corvergencenet-
worksin orderto suppot emeging applications.

In this paper we discussa protocol enablingthe corver
genceof WSNs and MCNs. The paperaims to discuss
the evolution of WSN-MCN cornvergencenetworks, aswell
as the ardhitectural and protocol-relatedaspectsof their
corvergence,with a particular emphasison the resources
involved. It alsoaimsto descibe a speci ¢ corvergence
betweena 6LOWPAN stadk and an LTE stadk { relying
on the suppot derived from literature. We provide certain
hints concening the useof WSNsin 5G ervironments.We
also raise someimportant researh issuesthat needto be
dealtwith asfuture work.

2. RelatedWork

The integration of ad-hocsensometworks (ASN) with cel-
lular networks, for telemedicine-relatedpplicationsjs ex-
plainedin [12]. The authorproposesa call admissioncon-
trol (CAC) methodand a sensometwork query algorithm
to meetthe QoS requirements. Paper [13] proposesthe
IOMANETS mobility frameawvork to enable fault-tolerant
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and scalablesolutionsfor the mobile Intemet of Things.
Whereasstatic nodesconnectto the Intemet throughlIPv4
or IPv6 protocols, mobile nodes function in an IEEE
802.15.4working group operatingon the 6LoWPAN IP
stadk. In [14], the authorspresentthe idea of a WSN
and MCN corvergencenetwork basedon a heterogneous
network. In this paper the authorsdescibe the architec-
ture of the systemandspecifyapplicationsfor corvergence
networks. They alsoidentify the technical challengesthat
needto be soledin orderfor WSNsandMCNs to become
a convergencenetwork.

Authorsof [11] proposethatmobileteminalsin MCNs act
as WSN sensomodesand gatevays in the corverged net-
work. Theauthorsalsodi erentiate by descibing two sep-
aratearchitecturedor integratedandcorvergencenetworks,
by using a dual mode gatevay. Although the desciption
of the convergenceprotocolis provided, no speci c MCN
andWSN corvergencenetwork is mentioned.

In paper[15], a solutioncompiising a long term evolution
adwance(LTE-A) cellular network anda 6LoWPAN WSN
is proposedto sole the quality-of-sewice issue through
network delay in tight and loose coupling of the LTE-A
con guration. Theresultspresentecghav thatnetwork de-
lay of their proposednethodis acceptabléor variousM2M
networks.

In [16], the authorsproposeda node and network model
for achieving Intemet protocol (IP)-baseddirect communi-
cationin an M2M network or l0T. The authors proposal
may be a solution to the end-to-endconnectionbetween
the WSN and MCN corvergencenetwork. Paper[17] pro-
posesan algoiithm balancingthe load between UE gate-
ways in a WSN andMCN cornvergentsystem. The authors
descibe the balancingof sensofoad betweenmobile gate-
ways asa hew researh point concening corvergencenet-
works. In [18], anenegy-e cient datacollectionmethodis
proposedo reduceandbalancesnegy expenditurebetween
the sensorsn a WSN andMCN corvergencenetwork. The
purposeof the conceptis to activate somesensordor data
collectionwhile allowing othersensorgo sleep.

3. Cornverging Tedchnology

The goal of this paperis to review the corvergencebe-
tweenWSNsand MCNs. We arefocusingon someof the
challengesfacedduring the process.Protocolconversionis
playing one of the leadingroles here. Table 1 shaws var
ious WSN protocolsand their relatedissues.To perform
a protocolcorversion,the protocol stads of two heterog-
neousnetworks needto be deplo/ed. However, it requires

Tablel

WSN protocolsandresearh issues

WSN layers Protocols Functions Researh issues

TRAMA [19] The conceptof a link layer for trans-

B-MAC [20] ferring data between two nodeswhich | More cross-lger optimization-

ZMAC [21] needsis created,needinga mediumac- | related researh is required to
Datalink Low power reseration | cesscontrol (MAC) to sharethe same| reduceenegy consumptiorand
layer basedVAC [22] link. Sud propeties as enegy e - | paket overheads.The empha-

Low power distributed | ciency bandwidthutilization,trac ow | sis shouldbe placedon mobile

MAC [23] control and error detectionand correc- | ratherthanon static nodes

CC-MAC [24] tion shouldbe focusedon to ensuree -

cientdatacommunication

Geogaphical

routing [25]

ALS [26]

Sechuut [27] Routing of datawithin the network, from | Issues related to QoS, se-
Network SCR|[28] source to dedination, by consideng | curity and node mobility
layer APTEEN [29] sudh factorsas enegy e ciency, trac | shouldbe further researbedto

Enegy awvare QoS ow controland QoS improve datarouting

routing protocol [30]

MMSPEED([31]

Sleepsdeduling

routing protocol [32]

STCP[33]

PORT [34] Crosslayer optimizationto im-
Transpot DST [35] To adiieve the congedion-free and| prove peformanceensurefair-
layer PSFQ[36] reliable datatranspotation nessin terms of padet priority

ESRT [37] and provide congegion control

CODA [38] with active queuemanagment

GARUDA [39]
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Table2
Wirelesscommunicatiorstandards
Communication E Operating Data Battery Network
standard regiency range rate life topology
ZioBee 868 MHz 20 Kbps
9 915MHz 10{100 m 40 Kbps >1year | Mesh,adhocandstar
(IEEE 802.15.4)
2.4GHz 250 Kbps
Bluetooth Ad hoc, point to point
(IEEE 802.15.1) 2.4 GHz 10m 1{3 Mbps 1 week and<tar
UWB (IEEE 802.15.3) 3.1{10.6 GHz <10m 100{1024 Mbps 1week | Ad hoc,pointto point
1la< 54 Mb/s
- 11b/g{2.4GH
Wi-Fi (IEEE 802.11a/b/g) ol 2| <100m | 11b<11Mb/s | Hours Star
11a{5 GHz
11g> 54 Mb/s
Wibree 2.4GHz 5{10 m 1 Mbps 1{2 years | Mesh,ad hocandstar
MiWi protocol 2.4 GHz 20{50 m 256 Kbps Star, cluger andmesh
6LOWPAN 2.4GHz 116 m 250 Kbps 1{2 years Star andmesh
Table3
Compaison of mobile cellular technologies
Genera-| Deployment| Tedh- Data : _ o
tions (year) nology Standard rate Bandwidth Frequency | Characteistics | Switching
Analog First wireless
1G 1979 FDMA NMT 2 Kbps | 150=900 MHz signal communi- Circuit
30 kHz cation
TDMA, Digital » Circuit,
2G 1991 GSM | 9.6Kbps 900 MHz signal Digital
FDMA padket
1.8GHz
TDMA Digital broad
3G 2000 CDMA, UMTS | 2 Mbps 100 MHz 1.6{2.0 GHz | band,increased Padet
speed
4G 2009 |OFDMA| LTE | 1Gbps| 100MHz 28 GHz | Hiahspeed, | o et
all IP based
Up to 100
1000 BW -
5G 2020 | OFDMA | 5GNR | 1 Gbps _ 3(300 GHz | MUMPerof con-| oyt
per unit area necteddevices
per unit area

acornverging technology Basedon the convergingcommu-
nication standardgpresentedn Table 2, we have descibed

the6LoWPAN standardandhave speci edits protocolcon-

versiontechnique whenappliedin an LTE-A network.

As shavn in Table 2, sud parametersas operatingfre-

guency range, datarate, battey life and network topol-

ogy are signi cant aspectf the communicationprocess.
These parametershelp in the successfuldeployment of

WSNs in di erent applications. Various researh atrticles

have repotted ZigBee to be the mog preferred and ap-

propriate standardfor WSNs [40]. It hasmore adaptable
featuresthan Bluetooth, suc as long battey life, secure
and simple communication.The IEEE 802.15.4document
de nes the secuity and network protocol for the ZigBee
technology[41]. In [42], the authorsstudy indudrial ap-
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plicationsof ZigBee and Bluetooth. ZigBee is capableof

meetinga wider variety of real indudrial needsthanBlue-

tooth dueto its long-teim battely operation greateruseful
range, exibility in a numberof dimensionsandreliability

of the meshnetworking architecture. However, it seems
that UWB is the beg emeging technology for ubiquitous
computingin shot range applicationsdueto its betterin-

terferencehandlingcapabilitied43]. As farasthedatarate
is concened,Wi-Fi is consideredo be oneof thebed alter

natives,andthe additionof a mobile device makesit more
appropriate for advancedapplicationg44]. Sud standards
as Wibree, NFC and MiWi are mogly useful for mobile
users[45], [46].

However, if we considerthe cornvergenceof a WSN with

a cellular network, then6LoWPAN may turn out to be one
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of the suitableprotocolsto corverge with an LTE-A net-
work [15], [47], [48]. The IEEE 802.15.4standardwas
introducedto de ne low-rate wireless personalarea net-
works. It de nes the physical and media accesscontrol
layer for LOWPAN networks[49]. The IEEE 802.15.4pro-
tocol diginguishesthree operationalmodes: 20 Kbps at
868MHz, 40 Kbpsat 915MHz, and250Kbpsat 2.4 GHz.
The network layer protocolsshouldbe compatiblewith the
limitation inherentin lower layer protocols.
Requirementsapplicableto the IPv6 protocol di er from
the IEEE 802.15.4-imposedimitations. For example,the
minimumIPv6 MTU is 1500bytes,whereadEEE 802.15.4
requires 127 bytes [50]. Along with this incompatibility;
thelPv6 headeresultsin a compactpayloadfor higherpro-
tocols. To overcometheseproblems,an IETF 6LoWPAN
working group has been egablishedto suppot the use
of IPv6 over IEEE 802.15.4[51]. The 6LOWPAN work-
ing group addresseshe following issues[52]: lessexten-
sion of IPv6 neighbordiscorery protocol for suppoting
WSN, compressiorof 6LOWPAN headersanddesciption
of 6LOWPRAN routing protocolssuppoting WSN charac-
teristics. In orderto suppot IPv6 over IEEE 802.15.4,an
extra adaptatiorayer hasbeenegablishedbetweenthe data
link layer and the network layer. 6LOWPAN usesstadked
headers,just like IPv6, rather than single headersused
in IPv4. A compaisonof di erent MCN technologiesused
in di erent generationsof cellular networks is presented
in Table3.

4. WSN TowardsConvergence

Various studiesindicatethat WSNs are proneto lower de-
gree of mobility robugness,small coverage and weak ter-
minals[11], [13]. In addition, WSNs are e xible enough
to suppot various smat applications.On the other hand,
MCNs o er featuresmakingit possibleto combinethem
with WSNs. As discussedn Section2, their convergence
will lead to the developmentof applicationscapableof
solving real life problems. It is repotted in literature and
speculatedby the scientic community that the conver
genceof WSNsand MCNs may bene t ead of thoseso-
lutions[11]. Thefollowing bene ts may encourag the re-
searth communityto focuson convergenceand on related
applications:

MCNs may enablea higher degee of layer control
and optimizationto increasenetwork life, WSN per
formanceandto provide betterQoS with the use of
WSNSs,

WSNs may sewve asenablersof cognitive andintel-
ligent aspectof cellular systems,

thearchitectureof aWSNandMCN corvergencenet-
work enablesvirelesssenicesandmoredatacentic
applications,

MCNs may make WSNs more e cient in temms of
enegy consumptiorandbetternetwork performance,
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convergencenetworks may be usedin telemety and
remotemanag@mentapplicationsdueto supewisory
control and dataacauisition systemsthey rely on,

mobile MCN teminalsmay actbothassensomodes
and gatevays for WSNSs.

The authorshave found out that the numberof researh
articles publishedthat focuson convergenceis ratherlow
during theinitial stage of the developmentprocess.There-
fore, the cumrent review will de nitely help researbersin
the future. In WSN andMCN convergencenetworks, sen-
sornodescollectinformationandsendit to the datasewer
throughMCN [53]. Therebre, a setof issuesariseswhen
thetwo heterog@neousetworksreferredto abore corverge.
Thefollowing issuesneedto be addresseih relationto the
convergenceof WSN and MCN networks.

4.1. Network Architecture

The WSN-MCN network architecturemay be classi ed as
anintegratednetwork anda convergencenetwork. Thein-

tegrated network is basedon the layeredapproab, where
wirelesssensomodesbelongingto WSN form the bottom
layer of the network andareusedto senseandcollectdata.
The upperlayer consiss of the basestation. The middle

layer is the gatevay that communicateswith controlsthe
WSN nodes. The gatevays usedin this architecturehave

theform of mobiletemminalsor mobileMCN stationsacting
asdual modegataevays [54]. Here,the gateway is responsi-
ble for controllingWSN indirectly, throughthe basestation.

The dualmodegatevay may provide accesgo WSN nodes
and may forward informationto the network sewer. The
dual modegatewvay is basedon 6LoWPAN technologyac-
ceptingdatafrom WSN in one mode,and being available
for MCN datatransmissiorin the other mode. Moreover,

the dual modegateways switch from one network modeto

anotheri.e. from WSN to MCN, by changingtheir padet

format from the WSN standardto the MCN standard,and
vice versa.This is a speci ¢ type of WSN andMCN inte-

gration,wherethe gatewvay is locatedin the middle layer to

mana@ WSN nodeq11]. Thisintegratednetwork architec-
tureis shavn in Fig. 1. However, usa@ of the datachannel
for communicatiorbetweenWSN andMCN decreasethe
system's e ciency .

In the corvergencenetwork, network architecturechangs
from the layeredto at [55]. This reducesthe exchange
of signals between both networks. Here, sensornodes
have the ability to listen directly to the MCN basestation
for downlink signaling,asthe MCN o ers large coverage.

Therebre,MCN may directly control WSN nodesandmay

manag themin an e cient manner The BS canhelp the
WSN nodesin choosingthe optimal path for datatrans-
mission. This type of architectureis shavn in Fig. 2. How-

ever, WSN nodeso er limited datatransmissiorrange, so
uplink tra ¢ needsto be routedthroughthe mobile MCN

terminal which actsasa simplegatevay for WSNtrac. In

112000

JOURNAL OF TELECOMMUNICATIONS
AND INFORMATION TECHNOLOGY



Dual mode
gateway

Server

Base
station

MS MS as gateway

Sensor node

Cluster head

Fig. 1. Architectureof a WSN and MCN integatednetwork.

Dual mode
gateway
Server Pad AN )
fBase
fstation " °
MS MS as 2
gateway i

V , Sensor node

4 Cluster head

Fig. 2. Architectureof a WSN and MCN integatednetwork.

this scenaio, the padet retainsits original format, as
usedin the MCN protocol. This is the improvementdis-
tinguishing a cornvergence network from an integrated
network.

Architecture-relatedissues are addressedwith the help
of highlights and condraints presentedelav. Thesehigh-
lights and congraints will detemine new researb di-
rections for researbers focusing on corvergence net-
works:

asthe basestation exercisedull controlover the sen-
sor nodesto store dataand enablethemto choose
their optimal gatevay and transmissionpath, addi-
tional signalingwill be a challeng for corvergence
networks,

a jointly optimized coordinationscheme should be
designedo allow the sensomodesto achieve trade-
0 betweenenegy consumptionand system perfor-
mance.
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4.2. Air-Interface Convergence

In a corvergence network, two heterogneousnetworks
are corverged, irrespectie of their di erent air interfaces.
Therebre, it is a challeng to designa corverged air in-

terface. Recentresearh shows that in terms of WSN air
interfaces(e.g. Bluetooth and ZigBee), the narow band
technology or spreadspectum transceiers may be ap-
propriate [11]. However, MCN usesdi erent technolo-
gies, sud as UMTS, LTE, WIMAX, etc. It is very sim-
ple to implementdual modemobile terminalsas shavn in

Fig. 2. One of the important limitations of this solution
is that the mobile device will have to frequently switch

the modeto sendthe datafrom WSN to the basegation.
Therebre, a suitableair interfacetednologyis neededo

avoid the complity of the dual mode switching func-
tionality of the gatewvay. Literaturereview highlightedor-

thogonalfrequencydivision multiplexing (OFDM) as the
forthcomingair interfacetechnology for corvergencenet-
works [56], [57]. OFDM/OFDMA is suitablefor shaing

the radio resourceshetween systemswith di erent band-
widths. However, OFDM-basedspectum pooling (non-
continuousOFDM) hasbeengiven muc attentionrecenty

in connectionwith air interfacetechnology [58]. To meet
the demand=f higherdataratesin the future,an OFDM-

basedair interffacemay beanaltemative solutionfor WSNs.
The highlights and congraints experienced here are as
follows:

one of the limitations of using a dual mode mobile
phoneis that it hasto frequently switch or change
the modefor receivingand sendingdatafrom WSN
to MCN, which meansthat its compleity increases,

the coverage and channel allocation schemes for
WSNsandMCNs aredi erent, asarethe bandwidth
and signal processingcapabilitiesfor which a cyclic
pre x shouldbe optimizedjointly,

bothnetworks shouldwork usingthe samefrequency
in orderto reducecompleity andto increasenetwork
performance.

5. ProtocolCorvergence

The protocol stadk for a WSN andMCN corvergencenet-
work given in Fig. 3 compiisestwo independenttads.

»
»

Mobile cellular

network Mobile cellular

network

Data/signalling
Protocol design
Data channel
Energy management
Algorithms

Wireless sensor
network

Converged protocol

Wireless sensor
network

<
<

Fig. 3. Protocolstadk for WSN andMCN convergencenetwork.
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However, the two independentprotocol stadks need fur-
ther work in order to morph into a single corverged
protocol stack. Usually, the gateway (mobile device) is
responsiblefor exchanging information between WSN
and MCN. Therebre, datachannelsbetweentwo indepen-

dent stadks at the gatevay level needto be implemented.

For an uninterupteddata exchange, uplink and downlink
control signaling should be propety designedin orderto
suppot the convergencenetwork. Along with improvedal-
gorithms, some cross-MAC needsto be implementedat
the gatewvay level. At this point, new control signaling
may impactthe current WSN and MCN standardsHence,
thisissuecould be manag@dby the basestation, by control-
ling the uplink and downlink signaling exchange. As re-
portedby Zhanget al., the MAC layer andthe network layer
in the protocolstadk of both networks shouldbe jointly op-
timized to achieve pefformancegainsfor WSNs[11].

In the MAC layer, the resourceallocation schemeshould
be consideredor heary tra c, i.e. for a large numberof
sensornodesin WSN. Resourcerequeds from WSN are
routedto MCN throughthe gatevay. The MCN basesta-
tion allocatesNVSN channelgroups(wirelesssensomnodes)
to ead gatavay. In the network layer, reselectionof the
gatevay andre-clugering of the wirelesssensomodesen-
courag the developmentof a new converged routing pro-
tocol. The modulationscdheme,as well as e cient con-
trol andenciyption techniquesneedto be implementedoe-
tweenthe two protocol staks for physical layer optimiza-
tion. Thetranspot layer protocolshouldbe modi ed to of-
fer betterconvergencenetwork congegion controlin heary
trac scenaios.

The aim of the 4G system is to edablish a corver
gencerelationshipbetweenall IP-basednetworks. In order
to satisfy this goal, there is a need for integration of
network managment,secuity and QoS. An LTE-A net-
works satisfy the requirementsapplicableto convergence
network platforms[59]. It is badkward compatiblewith pre-
viousversionsof 3GPPstandardsnon-3GPmetworksand
mog of IP-basednetworks, sud asthe Intemet [60{[62].
Other 4G tedhnologies, sud as 802.16m, may sewre
as a subgitute for corvergence networks, but mog
of the subscibers use LTE for wireless communica-
tion. Cod-e ective deployment is another advantag of
LTE [63], [64]. Here,we considera speci ¢ protocol con-
versionbetweenWSN and LTE-A networks. The protocol
stack between6LoWPAN anduserequipment(UE), being
the lag node of the accesdayer of E-UTRAN, is not the
sameasin Fig. 4. Therebre, thereis a needfor protocol
conversionin the gatavay to ensurecompatibility between
padets received from WSN with the useof LTE-A, and
vice versa.

In [65], [16], the authorsexplained protocol conversion
in their proposediualmodegatevay. The rst caseconsid-
ersdatapadketstravelingfrom WSNto LTE-A, asshavnin
Fig. 5. As theconnectioris basedn IP, thereis no needto
accesghe above layer of the IP layer. Thereis a needfor
IP tunnel encapsulatiorin orderto corvert IPv6 to IPv4

44

6LoWPAN LTE UE
Application NAS Application
UDP ICMP RRC 1P
IPv6 PDCP
A
MAC MAC
PHY PHY

Fig. 4. Protocolstadk of 6LOWFAN andLTE UE.

at the gatavay level. This processshould be performed
to ensureend-to-endconnectivity dueto compatibility of

IPv4 with various networks. The MAC layer of LTE UE

consigs of the MAC headerand RLC payload. The MAC

headeris 42 byteslong, whereasthe payload is 400 bytes
long. Themaximumsizeof a padket arriving from WSN s

127 bytes,with additional20 bytesfor the IPv4 headetthat
is addedduring the IP tunneling process[65]. This pro-

cessincreaseshe total maximumsizeto 147 bytes. There-
fore, the padet coming from WSN ts in the LTE MAC

layer payload. Thecompatibilityof LTE networkspromotes
the transering of data padkets from WSNs to IP-based
networks [66].

The secondcaseinvolves the transéring of data pad-

ets from an LTE-A cellular network to WSN. The data
padket consiss of three headerssud as LTE, IPv4 and
IPv6. WSN recognizesonly the IPv6 header Therebre,
the padket containingthe LTE andIPv6 headersanbe dis-

cardedby WSN. The size of the LTE headeris 42 bytes
and that of the IPv4 headeris 20 bytes. The dual mode
gatewvay caneasiy recognize¢heseheadersThe dualmode
gatevay removes62 bytesfrom the LTE-A padet.

5.1. 4G Frame Structure and MAC Layer

In 4G, the framelengthis 10 msandead frameis divided
into 10 sub-frame®f 1 ms.Threetypesof sub-framesxist,
i.e.DL, UL andaspecialsub-frameasshovnin Fig. 6. UL
and DL sub-framesare further divided into 0.5 ms slots.
The specialframe containsdownlink pilot timeslot (Dw-
PTS),guardperiod (GP)anduplink pilot timeslot(UpPTS)
elds maintainedby the 4G network's TDD.
Sub-frame-0,sub-frame-5and DwPTS are resered for
downlink transmissionsyhile UpPTS and the sub-frame
following the special sub-frameare resewed for uplink
transmissionsSpreadingof DL preambleOFDM symbol
in the downlink sub-frameis used. It can be explained
as PHY layer actions,sud as initial channelegimation,
noiseandinterferenceedimation, time andfrequencysyn-
chronization. Sudh characteistics of the burgs as length
and numberareindicatedby the DL frame control header
The broadcasng of channelallocationinformationis in-
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6LoWPAN LTE UE
Application IPv6 packet NAS | Application
IPv6
UDP ICMP header Payload RRC IP .
IPv6 PDCP
Adapt layer 1Pv4 IPv6
(6LoWPAN) header | header Payload RLC
MAC IPv4 packet MAC
PHY PHY
Fig. 5. Protocolcorversionfor transerring padketsfrom a WSN to an LTE-A network.
One radio frame T;= 10 ms
DwPTS GP UpPTS
#0 #2 #3 #4 #5 #6 #7 #8

One slot = 0.5 ms Subframe = 1 ms

Fig. 6. MAC Framestructurein 4G.

troducedby UL MAP andDL MAP. By listeningto MAP
messags, every user may recognizethe data region as-
signedthere to, both in DL and UL. A burg prole is
allocatedto the databurg and containsdatafor the spe-
cic user

In 4G, the MAC layer provides sewice to the RLC layer
by logical channel,error correctionthroughHARQ, MAC
Controlcontainsthe elementcontrolinformationandMAC
payload. Datafrom the RLC layer is received by the MAC

MAC MAC MAC
MAC header CE SDU padding
MAC payload

Fig. 7. MAC PDU structurein 4G.

layer in the form of MAC SDU. A desciption regarding
the size of the MAC PDU gructure for 4G is shavn in

the MAC Overheadportion. The hybrid automaticrepeat
requeg (HARQ) is handledby the MAC layer. The MAC

PDU dructureis shavn in Fig. 7.
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6. WSN and5G MCN Corvergence
Scenaio

Rapiddevelopmeniof smat technologycreatesan environ-

ment fogering the deployment of sensornodesusedever

morecommony in our daily lives. Theemeging 5G MCN

is going to play a key role in cornverting this sensornet-

work into a smat sensornetwork for M2M communica-
tions, High datarates Jower latencyandotherbreakthrough
technologiesdeplged in 5G suppot WSNs in providing

better sewice. Smat devices will be usedin newv appli-

cationsdue to the presenceof 5G [67]{[69]. But foger

the useof WSNsin 5G, one needsto make surethat suc

fundamentalpropeties of WSN devices, aslow datarate,

massie numberof devices,minimumdataratesin virtually

all circumgancesegetc.,are compatible[70}{[72].

Oneway to male this corvergencepossibleis to improve
the performanceof ZigBeenetworkswhich conneciall sen-
sor nodesin the 5G ervironment, as shavn in Fig. 8.
Thanksto 5G, a technology providing M2M communi-
cations, terminals which are located within the range of
the ZigBee network are able to connectto the ZigBee
network [73]. Comparedto ZigBee sensornodes,5G ter
minals have more enepgy, o er storage space,bandwidth
and processingpower, improving data transmissionper
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Internet
Server
Sink
Base station
5G device
ZigBee node —— ZigBee link Internet link
wired link cellular link

Fig. 8. WSN-5G convergencearditecture.

formanceof the WSN (ZigBee network). 5G termminals
accessthe IP network as well, making them capableof
communicatingsink managment-relatednformation di-

rectly, without consumingZzZigBee bandwidth resources.

This meansthat corvergenceof WSN and 5G allows to
corvey the padets collectedby WSN via 5G links (the
Intemet).

7. Future Researhb Issues

The purposeof this review is to discussissuesrelatedto

emeging WSN-MCN corvergencenetworksandto provide

thereademwith anoutline of furtherresearh oppottunities.
The limitations of WSNs, sudh as lower mobility robus-

ness,weak teminals, smaller coverage, low power, less
processingcapability and less storage capacity enablethe

researhersto proposenewv and advancedcommunication
protocols,aswell asenegy-e cient schemesnsuinglong

network lifetimes. Theselimitations may be overcomeby

the useof WSN-MCN cornvergencenetworks. In addition,
theemeging smat city applicationswill adda new dimen-
sionto thework performedat present.Thereview provides
also important researh directionsfor researberswishing

to contiibuteto this particular eld of study. Someimpor-

tant researh issuesstemming from work on WSN-MCN

convergenceinclude the following:

" trac routing schemesin ZigBee networks needto
be addressednore precisey, in orderto sharesut
trac with 5G networks,

protocol corvergence between heterogneous net-
works needsto provide a speci c trade-o0 between
compleity, performanceand power consumption,

the QoSissuesrelatedconvergencenetworks require
that sudh characteistics as probability of dataloss,
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probability of datablocking, datalatency throughput
andtransmissiordelay be analyzedin orderto main-
tain a good balancefogering betternetwork perfor-

mance,

convergencenetworks are going to promotethe de-
velopmentof new innovative technologiesto sup-
port various smat applications,sud as monitoring
of military activities,homemonitoring, ervironment
monitoring and smat automaticparking { to make
our everyday liveseasier

in addition to smat city applications,convergence
networks may also be usefulin rural areas,turning
theminto smat villages.

8. Conclusions

The limitations of WSNSs, including mobility, robugness,
weaktermminalsandsmall coverage, make WSNsincapable
of suppoting di erent typesof smat applications.There-
fore, WSNsneedto converge with MCNs in orderto enable
M2M communicationsas numerousapplicationsdepend
onthistype of dataexchang. Many additionalapplications
are yet to be discoveredfor smat cities and smat living.
Therebre, corvergence has an important role to play at
presentandin the future. In a convergencenetwork, MAC
layer resourcesreto be dynamicaly sharedby both WSN
and MCN nodesin orderto facilitate real time and non-
realtime dataexchanges. The corvergencenetwork may be
treatedasoneof theright optionsto edablishacommunica-
tion infragructurefor smat cities. Di erent aspectselated
to smat cities, sudh as parking, health, home,wage and
trac managmentdemandadwancedsensortecnologies
in orderto satisfyrequirementof corvergence-basedppli-
cations. Fromthe studiesof variousliteratureandresearh
articles,we concludethatconvergencenetworksplay anim-
portantrole in varioussmat applicationsgnablinge cient
control and managmentof completesolutions. Moreover,
the conceptof a WSN-MCN corvergencenetwork o ers
researbers numerousoppottunities for further studiesin
this area.
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