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ABSTRACT KEYWORDS
Inthis paper, we present across-layer optimization scheme to improvethe Microbial breakdown;
fairness and quality of service (QoS) of wireless ad-hoc network. Asfor Crudeoil;
the physical layer’s information feedback, it is mainly the physical link Polluted soil;
quality. We adopt multi-access technique such as TDMA and afusion of Amended.

technologies, such as Multiple -Input and Multiple-Output (MIMO) and
Orthogonal Fregquency Division Multiplexing (OFDM). Using multi-user
detection to physical link quality, to achieve the joint cross-layer
optimization design of PHY-MAC, we propose the MAC protocol with
RTS/CTS reservation mechanism based on a distribution of slots (RD-
TDMA). The objectiveisto improve energy utilization, reduce bit error
rate (BER) and alleviate network congestion effectively. The experimental
results show that the cross-layer optimization can effectively improvethe
overall performance of wireless ad-hoc network, significantly in energy
saving and throughput. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION proposed. What’smore, the authorsin? take advan-

tage of thedistributed power control agorithm and an

It iswidely acknowledged that wirdl essad-hoc net-
work hasbecome the main method of wireless com-
muni cation. Asaresult, the problemsof energy saving
and QoSinwirdessad-hoc network are becoming the
focusareafor scholarsinrecent years. Inorder toim-
provetheoverall performance of wirdessad-hoc fur-
ther, many MAC protocol optimization strategieshave
been proposed by scholars. For example, the authors
in adopt the non-contention mechanismto reducethe
possibility of collisonandidledetectionto channd date
to save energy, sothetraffic adaptiveMAC protocol is

integration of back-off mechanism toimprove energy
saving and throughput. Therefore, the rate adaptive
MAC protocol ispresented to aleviate network con-
gestion, and reduce packet lossrate and energy con-
sumption.

However, the conventiond rigid layer architecture
can’t meet the demand of the network performance.
So alot of scholars pay attention to this cross-layer
optimization design. At the sametime, the cross-layer
optimization can achievetheimprovement of theover-
al performance of wirelessad-hoc network by config-
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uring network resource reasonably. To thisend, ac-
cording to thenetwork optimizationindex, alot of cross-
layer optimizationdesign schemesareput forward. They
utilizeavariety of techniquessuchasCDMA, TDMA,
MIMO and OFDM to optimize M AC protocol respec-
tively rather thanjointly. Moreover, they don’t takethe
physical link quality into consideration. For instance,
theauthors have discussed the cross-layer optimization
to challengefor saving energy, reducing network con-
gestion and collision. Sothe cross-layer optimization
scheme of PHY-MAC-Transport layer isproposed to
improvethe QoS of application layert®. Inaddition, a
joint optimal design scheme of PHY-MACisadopted
to reduce channel interference, packet retransmission,
andimprove network throughput!®. Tofind asolution
for the hidden termind and exposed termina problems,
theauthorsin® take advantage of cross-layer optimi-
zaiondesgnof PHY-MACtoachieveit. Besides, some
scholars make use of the means of PSK/QSK modula-
tiontooptimize PHY-MA C for the purpose of enhanc-
ing network throughput!®. Moreover, atechnicad inte-
grationof CDMA and MIMOisdiscussed toimprove
network throughput and save energy for end-to-end
QoS7. Last but not least, across-layer optimization
algorithm of PHY-MAC is proposed by using
OFDMB, At thesametime, toimprovetheoveral per-
formance of wirelessad-hoc network, many research-
ershave put up with their M AC optimization schemes
and cross-layer optimization design®'7.

Tothebest of our knowledge, across-layer opti-
mization design schemeisvery few based onthe physi-
cd link quaity. Soweshould makefull useof thephysicd
layer’sinformation feedback to optimize MAC proto-
col. Different from the previous cross-layer optimiza-
tion, accordingtothephysical link qudity, such aspath
loss, bit error rate (BER) and Sgnd tonoiserate (SNR),
weutilizeatechnica integration of MIMO and OFDM,
optimize MAC protocol, and propose RD-TDMA to
realizethejoint cross-layer optimization design, with
targetsat improvingthereliability of transmissionin
physicd link.

Inview of all these, this paper isorganized asfol-
lows. Section Il presentsthe system model of ajoint
cross-layer optimization design. Section 111 discusses
the proposed cross-layer design architecturein detail .
Section IV displaysatechnical integration model of

MIMO and OFDM. Section V states the proposed
RD-TDMA. Section V1 describesthe simulation re-
sults, and the paper concluded in Section V.

SYSTEM MODEL

Inthissection, wewill display our syssemmodd to
redizethejoint cross-layer optimization design of PHY-
MAC. Inorder toimprovetheoverall performance of
wirelessad-hoc network, ajoint cross-layer optimiza-
tion of PHY-MAC is proposed based on information
feedback about the physical link quality. The system
model isamodel acrossthreelevels,i.e. thephysical
link, the physical layer andthe MAClayer. At physical
layer, weincorporate atechnical integration of MIMO
and TDMA, and multi-user detection mechanisminto
our proposed system model to optimizelink quality.
Meanwhile, weadopt anew timed otted MAC proto-
col with RTS/CT S reservation mechanism, so asto
achievethegoalsof reducing co-channd inference, a-
leviating network congestion and ensure QoS provi-
soning.

Totheendfor thefairnessof channd access TDMA
asanon-contention mechanismisusedtoimprovethe
overal performance of wireless ad-hoc network. In
contention access period, CSMA/CA can amost af -
ford theregquirement of thefairnessof channel access.
Becausethere existsto be some problems about colli-
sion and retransmi ssion as aconsequence of competi-
tion to access channel. A system model of cross-layer
optimizationistakentoillustratetheimplementation of
technical meansfor objectivesin TABLE 1.

At the sametime, we should takethe characters of

TABLE 1 : CROSS-LAYER OPTIMIZATION OF TECHNIQUES AND
OBJECTIVES

Layer Techmiques Objective
MAC Layer | RD-TDMA _
Farness & QoS
MIMO Throughput .&
PHY Layer . ] Energy Saving
7 OFDM )
Congestion &
Path Loss Error Control
Link ,
BER SNR
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wirdessad-hoc network into consideration asacross-
layer optimization design for wirel essad-hoc network.
Wireless ad-hoc network whichiscomposed of many
peer to peer nodeswith independenceformsamulti-
hop network. Aiming at enhancing theoverall perfor-
mance of wireless ad-hoc network, wetake advantage
of RD-TDMA to reducethe probability of collisondue
to competition between slots. Moreover, avariety of
technigues and multi-user mechanism are applied to
optimize PHY- MAC, eventually to realizeto saveen-
ergy and improvethroughpui.

CROSS-LAYEROPTIMIZATION
FRAMEWORK

Asisknownto us, thephysica parameter settings
arereasonable configured, based on the physical link
quality. A lot of information can beestimated at physi-
cal layer, such as path loss, BER and SNR, etc. At
MAC layer, ajoint cross-layer optimization of PHY-
MAC iscarried out, based on the characters of wire-
lessad-hoc network and the physical layer’sinforma-
tion feedback. Thekey innovationisto adopt thetech-
nical integration of MIMO and OFDM, and the pro-
posed RD-TDMA to saveenergy and enhancethrough-
put. First of al, we should pay attention to the optimi-
zationdesignof physicd link quaity to changephysicd
link conditions. It isbeneficial to increasetherobust-
nessand improvethe performance of wirelessad-hoc
network for cross-layer optimization framework.

Path loss

Aseachnode’senergy islimitedinwirdessad-hoc
network, itisnecessary to study and andyze path | oss.
Meanwhile, path lossisanimportant indicator of physica
link quality and it playsanimportant rolein prolonging
node’slife. Theequation of path lossisshownin (2),
(3

2
T, =Ts(4;Ld) S,Sq 1)

Therelational expression between transmitting
power T, and receiving power T is given above.
Where s; and S, represent transmitting nodeand re-

ceiving nodeof omni-direction antennaga nrespectively,
aisgivenasthecarrier wavelength, and disthedis-

BioTechnology —

tancefrom transmitter to receiver.
path_loss=T; —Tg 2

Asshown above, pathlossisequa to D-vauebe-
tween T, andT;.

From other aspectsto takeaccount of wirelessad-
hoc network, there arealot of relayswhich amplify
signd totransmit further. Pathlossisrelated to reflec-
tion coefficient, whilethereflection coefficient iscon-
nected with the propagation environment. Theexpres-
sion of pathlossisgiven asfollowing (3), M.

rai Y
path_loss—(émdi) ©)

Of which t, isthereflected number among relays,

d, isthedistance between transmitter and receiver, 3
isthecarrier wavelength.

From what has been discussed above, we draw
thefollowing conclusion: there existsto bemany fac-
torsaccounting for the phenomenon of path loss, such
aspropagetion environment, multi-path fading, co-chan-
nel interference and collision, etc. Concretely speak-
ing, pathlossisdosdy rdaed tothecarrier wavelength,
the distance between transmitter and receiver, trans-
mitting and receiving gain, and reflection coefficients.
Asaresult, to the end for reduction of path loss, we
should get down to doing this. Wetake advantage of a
technicd integration of MIMO and OFDM to acceler-
atethetransmission rate and reducethe co-channd in-
ference, eventudly to achievethe godsof improvethe
physicd link qudity.

Adaptive BER scheme

Althoughthedigitd modulationisapplied a phys-
cd layer toimproveretranamisson dueto collisoncon-
ditions, theeffect isn’t obvious. BER isan accuracy
index of datatransmissioninlimited time. Asaconse-
guence, weanalyze and optimizethe physica layer’s
information feedback, withamsat improving thereli-
ability of transmission. Reducing BER isbeneficid to
retransmission, thus saving dotsand energy. The defi-

nition of BER isexpressed as(4).
Ebit
BER =— @)

bit

Of which E,;, isthenumber of error bits, S, isthetotal
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number of transmitted bits. We can only know that BER
isconnected with transmitted bitsfrom the definition.
Non-coherent FSK MODEM scheme about BER as
analgorithmformulaisgiven by (5), 129,

S\R, BN
BER=E(e 2 R) ©)

Asshown above, sNR isthesignal to noiserate,
B, Isthenoisebandwidth, risthetransmissionrate.
Ascan beseenfromtheexpression, BER isrelated to
SNR.

For the sakeof smplicity, wesimplify BER by the
equation of Pe = Ig(BER) . In contrast to variousmodu-
lation a gorithms, wedraw therelation between SNR
and BER, asFigure 1 shown.

Pe
1

=Y
|

¥

SNR (dB)
Figurel: Therelation between SNR and BER

Ascan been seenfromtheaboveFigure 1, by com-
parison with other modulation a gorithms, QSK hasa
good performance over PSK and FSK. We can ad-
dressthe BER problem without effectson SNR by us-
ing QSK. Inredlity, each channd utilizesQSK modu-
lation techniquein OFDM system. Therefore, weadopt
OFDM to make BER adaptiveto changing conditions,
whichmakesfor thestability and reliability of wireless
ad-hoc network.

Next, therel ation between the number of modu-

lated bitsb, in each channel and SNRisgiven asfol-

lowing (6), where r, ineach channel isthenumber of
internal SNR.

SNR
bi =|ng(1+T) (6)

Tosumup, inorder toimprovetheoverdl perfor-
manceof wirelessad-hoc network, weoptimize MAC
protocol by optimizethe physical link quality. Using
OFDM isbeneficid toreduce BER for improvingtrans-
missonreiahility.

c. Channd capacity and bandwidth utilization

Channel capacity and bandwidth play animportant
part inimproving thephysical link quality, which are
important information of physicd layer’sinformation
feedback. Meanwhile, they arevita index of measuring
channd utilization. Asfor MAC layer, theMAC proto-
col ismainly responsiblefor channel accessand re-
sourcealocation. However, the enhancement of chan-
nel capacity and bandwidth utilizationisgood for hav-
ing anincreasein throughput. Network throughput in
wireless ad-hoc network isan important indicator to
assess the network performance. Totheend, itises-
sentia for usto study channel capacity and bandwidth
utilization.

Toputitsmply, Channd capacity referstothelarg-
est averagerateof channel asit can. As Shannon said,
thedefinition of channel capacity isgiven by (7).

C=B log,(1+SNR) (7

Of whichsar = 34, B,, ischannel bandwidith.

Atthesametime, intermsof wirel essad-hoc net-
work, itisamulti-hop network. So channel capacity
isn’t smply to describe. Wetake advantage of MIMO
toimprovechannel conditions. Theauthorsini*® have
studied theequation of channel capacity of amulti-hop
network, whichisgiven by (8).

C=log,|det| I, + —
o3 L ®
im0 |ip;

Wherethechannd matrix of systemisy , p, isatrans-
mission power of relay antenna, and |, isthemeaning of
pathloss.

Inaddition, band utilizationisto measurethe effec-
tivenessof thedigitdl communicationsystem. Band utiliza-
tionisto describearelaionship between datatransmis-
sonrateand bandwidth. Theexpressonisgivenby (9).
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Wherechannd transmissonrateisr, .

According to the expressions of (7-9), we know
that channel capacity and bandwidth utilizationarere-
lated to bandwidth. Channel capacity isproportiond to
bandwidth, whilebandwidth utilizationisinversaly pro-
portional to bandwidth. Therefore, we can’t blindly
improvethe network performance. On the contrary,
we should take several aspectsinto consideration to
design MAC protocol. Only inthisway can effectively
enhanceandimprovetheoveral performanceof wire-
less ad-hoc network.

Asintroduced above, asthe physical layer’sinfor-
mation feedback iscritica to design cross-layer opti-
mi zation scheme, we have no choicebut to optimize
PHY-MACtoimprovetheoverdl performanceof wire-
lessad-hoc network, based on the physical layer’sin-
formation feedback. Thereare many cross-layer opti-
mization schemesimplemented mechanicaly, without
takingthephysica link quaity into consideration. The
improvement of thephysica link quaity isnot only good
for physical layer and MAC layer, but d soit isbenefi-
cial tothenetwork layer, transport layer and applica-
tionlayer. Therefore, fully consderingthephysicd layer’s
information feedback to optimizethe overall perfor-
mance of the wireless ad-hoc network isvery neces-
sary.

A FUSION OF MIMO AND OFDM TO
OPTIMIZEPHY-MAC

Thephysical layer’sinformation feedback, suchas
Path Loss, BER and SNR, mostly can be obtained by
evauation of physical layer. However, thekeyisto how
toimprovethe physicd link quality for implementing
Cross-layer optimization.

SoweuseMIMO and OFDM jointly optimizethe
quality of thewirelesschanndl. At the sametime, the
systemmodel constituted by MIMO and OFDM isone
of themain aternatives asthe next generation of wire-
lesscommunicationlink. Therefore, weshould berea-
sonableto useafusion of MIMO and OFDM to opti-
mizewirelesslink quality for thepurposeof cross-layer
optimizetion.

BioTechnology — o

Thereexiststo bemulti-path channd fadinginwire-
less ad-hoc network. In order to changethis phenom-
enon, OFDM istaken asaspecid kind of multi-carrier
transmission scheme. Besides, OFDM can beused as
amodulation method, or a multiplexing technique,
OFDM hasastrong ability toresist frequency selective
fading and narrowband interference. The reason why
OFDM isused asoneof afuson of techniquesisthat it
can effectively res st multi-path propagation del ay.

In addition, weadopt MIM O to optimize physica
link quaity to enhance channel capacity and bandwidth
utilization. Theobjectiveof thistechniqueistoimprove
thereliability of channel and QoS, and reduce BER.
Ontheother hand, MIMO hastheability of overcom-
ing multi-path fading, but for deep frequency selective
fading, thereisstill no way to solvethisproblemfor
MIMO. To addressthis problem, therearetwo ways,
oneisto utilize equaization technology, andthecother is
to use OFDM. Onthebasisof OFDM spaceresources
allocated reasonably, MIMO/OFDM isgood for im-
proving datarate. In summary, it isanecessity to com-
bineMIMO and OFDM to optimizethe physical link
quality for PHY-MAC cross-layer optimization. A fu-
sion systemmodel of MIMO and OFDM isasshown

Figure?2.
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PROPOSED RD-TDMA

In order toimprovethefairnessand QoS of wire-
less ad-hoc network, we adopt TDM A asanon-con-
tention protocol at MAC layer. To addressenergy sav-
ing problem, we put forward our own RD-TDMA pro-
tocol.

TDMA isconssted of alot of fixed dots, whichis
useda MAC layer incontentionfreeperiod. Sowemake
some changesto TDMA. For the sake of reduction of
retransmission due to occurrence of error bit, we take
advantage of RTS/CT Sreservation mechanism to opti-
mizeMAC, which reduce unnecessary transmisson de-
lay. Retransmissonwill add energy todatatolower BER.
Frommany respects, theRTSCTS mechanismisbenefi-
ad toimprovingtheoverdl performanceof wirdessad-
hoc network. Thespecificagorithmisasfollows:

(1) After setting up wirelessad-hoc network and ini-
tidization, theframestructureof TDMA isdivided
intothreeparts, namely RTS, CTSand TDMA dot.
Asshown abovein Figure 3.

(2) When source nodehasdatato send, at first, some

Round 1 | Round 2

RTS | CTS TDMA

Figure3: Theframestructureof RD-TDMA

physica link information, such aspathloss, BER,
SNR, should beestimated at physica layer. At the
sametime, wewill add thisinformationto RTS
frame, thento send it to MAC layer. We use the
physical layer’sinformation feedback to redizethe
joint cross-layer optimization of PHY-MAC.

(3) WhendegtinationnodereceivesRTSframeat MAC
layer, it will decidewhether to send CTS and send
CTSto control the usage of dots. At last, when
source node continuesto send data, it will transfer
into TDMA mechanism. Meanwhile, if thereareany
other data to retransmit, they also can apply for
dotstosenduntil finishingit, whichwill haveagood
effect on reducing unnecessary delay.

Allinal, when usersrequest to send dataand ap-
ply for dot alocation, thefirst thing isto estimate chan-
nel sate. Thengointo TDMA mechanismif thechannd
isidle. Otherwise, the system will adjust the carrier
mechanism to completeit, so that there existsto be
channel for user to send datauntil finishing transmis-
son.

SIMULATION

Smulaionisdonein MATLAB. Intheexperiments,
weusethe MATLAB smulation softwarefor TDMA,
improved TDMA, namely RD-TDMA, and thejoint
cross-layer optimization of PHY-MAC, namely

MIMO/OFDM+ RD-TDMA respectively. Then
wedso analyzethetwo main performancesinwireess
ad-hoc network, namely energy consumption and
throughput respectively. By many experiments, wedraw
thefollowing resultsin Figure4 and Figure5. Figure4
showsenergy consumption versusdataratecurve, Fig-
ure 5isthe curve of network throughput along with

packet generationrate.
The simulation results indicate MIMO/
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Figure4: Energy Consumption versusDataRatefor TDMA,
RD-TDMA and M IM O/OFDM+RD-TDMA

OFDM+RD-TDMA issuperior to TDMA and RD-
TDMA inimproving theoveral performanceof wire-
less ad-hoc, especialy in energy saving and through-
put. Specifically speaking, when dataratehaveasharp
increase, MIMO/OFDM+RD-TDMA outperforms
TDMA and RD-TDMA inenergy consumption, which
has alower consumption. The main reason isthat a
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technical integration of MIMO/OFDM isapplied to
RD-TDMA. Besides, when network load ishigh, the
proposed cross-layer optimization of PHY-MAC has
anadvantageover TDMA and RD-TDMA inthrough-
put, which a so maintainsan increasein throughput.

CONCLUSION

Inthispaper, according to thecharactersof wirdess
ad-hoc network, we proposeaoptimization strategy as
across-|layer optimization schemeof PHY-MACjointly,
based onthe physicd layer’sinformati on feedback, with
amsat improving theoverall performanceof wireless
ad-hoc network, significantly in energy saving and
throughput. On one hand, we utilize afusion system of
MIMO and OFDM to optimizephysica link quality at
physical layer. Onthe other hand, weadopt RTS/CTS
reservationmechanismtooptimizeTDMA a MAC layer.
Totheendfor achieving optima network performance,
wecarry out our cross-layer optimization design of PHY-
MAC scheme. Eventudly, itisobviousthat thisoptimi-
zation schemecan not only improvethefarnessand QoS
of wirdessad-hoc network, but a so reduce energy con-
sumptionand BER, and have anincreaseinthroughput.
Atthesametime, it will ensuretherdiability and robust-
ness of wirelessad-hoc network.
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