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ABSTRACT
In this paper, we present a cross-layer optimization scheme to improve the
fairness and quality of service (QoS) of wireless ad-hoc network. As for
the physical layer�s information feedback, it is mainly the physical link
quality. We adopt multi-access technique such as TDMA and a fusion of
technologies, such as Multiple -Input and Multiple-Output (MIMO) and
Orthogonal Frequency 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 objective is to improve energy utilization, reduce bit error
rate (BER) and alleviate network congestion effectively. The experimental
results show that the cross-layer optimization can effectively improve the
overall performance of wireless ad-hoc network, significantly in energy
saving and throughput.  2013 Trade Science Inc. - INDIA
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INTRODUCTION

It is widely acknowledged that wireless ad-hoc net-
work has become the main method of wireless com-
munication. As a result, the problems of energy saving
and QoS in wireless ad-hoc network are becoming the
focus area for scholars in recent years. In order to im-
prove the overall performance of wireless ad-hoc fur-
ther, many MAC protocol optimization strategies have
been proposed by scholars. For example, the authors
in[1] adopt the non-contention mechanism to reduce the
possibility of collision and idle detection to channel state
to save energy, so the traffic adaptive MAC protocol is

proposed. What�s more, the authors in[2] take advan-
tage of the distributed power control algorithm and an
integration of back-off mechanism to improve energy
saving and throughput. Therefore, the rate adaptive
MAC protocol is presented to alleviate network con-
gestion, and reduce packet loss rate and energy con-
sumption.

However, the conventional rigid layer architecture
can�t meet the demand of the network performance.
So a lot of scholars pay attention to this cross-layer
optimization design. At the same time, the cross-layer
optimization can achieve the improvement of the over-
all performance of wireless ad-hoc network by config-
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uring network resource reasonably. To this end, ac-
cording to the network optimization index, a lot of cross-
layer optimization design schemes are put forward. They
utilize a variety of techniques such as CDMA, TDMA,
MIMO and OFDM to optimize MAC protocol respec-
tively rather than jointly. Moreover, they don�t take the
physical link quality into consideration. For instance,
the authors have discussed the cross-layer optimization
to challenge for saving energy, reducing network con-
gestion and collision. So the cross-layer optimization
scheme of PHY-MAC-Transport layer is proposed to
improve the QoS of application layer[3]. In addition, a
joint optimal design scheme of PHY-MAC is adopted
to reduce channel interference, packet retransmission,
and improve network throughput[4]. To find a solution
for the hidden terminal and exposed terminal problems,
the authors in[5] take advantage of cross-layer optimi-
zation design of PHY-MAC to achieve it. Besides, some
scholars make use of the means of PSK/QSK modula-
tion to optimize PHY-MAC for the purpose of enhanc-
ing network throughput[6]. Moreover, a technical inte-
gration of CDMA and MIMO is discussed to improve
network throughput and save energy for end-to-end
QoS[7]. Last but not least, a cross-layer optimization
algorithm of PHY-MAC is proposed by using
OFDM[8]. At the same time, to improve the overall per-
formance of wireless ad-hoc network, many research-
ers have put up with their MAC optimization schemes
and cross-layer optimization design[8-17].

To the best of our knowledge, a cross-layer opti-
mization design scheme is very few based on the physi-
cal link quality. So we should make full use of the physical
layer�s information feedback to optimize MAC proto-
col. Different from the previous cross-layer optimiza-
tion, according to the physical link quality, such as path
loss, bit error rate (BER) and signal to noise rate (SNR),
we utilize a technical integration of MIMO and OFDM,
optimize MAC protocol, and propose RD-TDMA to
realize the joint cross-layer optimization design, with
targets at improving the reliability of transmission in
physical link.

In view of all these, this paper is organized as fol-
lows. Section II presents the system model of a joint
cross-layer optimization design. Section III discusses
the proposed cross-layer design architecture in detail.
Section IV displays a technical integration model of

MIMO and OFDM. Section V states the proposed
RD-TDMA. Section VI describes the simulation re-
sults, and the paper concluded in Section VII.

SYSTEM MODEL

In this section, we will display our system model to
realize the joint cross-layer optimization design of PHY-
MAC. In order to improve the overall performance of
wireless ad-hoc network, a joint cross-layer optimiza-
tion of PHY-MAC is proposed based on information
feedback about the physical link quality. The system
model is a model across three levels, i.e. the physical
link, the physical layer and the MAC layer. At physical
layer, we incorporate a technical integration of MIMO
and TDMA, and multi-user detection mechanism into
our proposed system model to optimize link quality.
Meanwhile, we adopt a new time slotted MAC proto-
col with RTS/CTS reservation mechanism, so as to
achieve the goals of reducing co-channel inference, al-
leviating network congestion and ensure QoS provi-
sioning.

To the end for the fairness of channel access, TDMA
as a non-contention mechanism is used to improve the
overall performance of wireless ad-hoc network. In
contention access period, CSMA/CA can almost af-
ford the requirement of the fairness of channel access.
Because there exists to be some problems about colli-
sion and retransmission as a consequence of competi-
tion to access channel. A system model of cross-layer
optimization is taken to illustrate the implementation of
technical means for objectives in TABLE 1.

At the same time, we should take the characters of

TABLE 1 : CROSS-LAYER OPTIMIZATION OF TECHNIQUES AND

OBJECTIVES
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wireless ad-hoc network into consideration as a cross-
layer optimization design for wireless ad-hoc network.
Wireless ad-hoc network which is composed of many
peer to peer nodes with independence forms a multi-
hop network. Aiming at enhancing the overall perfor-
mance of wireless ad-hoc network, we take advantage
of RD-TDMA to reduce the probability of collision due
to competition between slots. Moreover, a variety of
techniques and multi-user mechanism are applied to
optimize PHY- MAC, eventually to realize to save en-
ergy and improve throughput.

CROSS-LAYER OPTIMIZATION
FRAMEWORK

As is known to us, the physical parameter settings
are reasonable configured, based on the physical link
quality. A lot of information can be estimated at physi-
cal layer, such as path loss, BER and SNR, etc. At
MAC layer, a joint cross-layer optimization of PHY-
MAC is carried out, based on the characters of wire-
less ad-hoc network and the physical layer�s informa-
tion feedback. The key innovation is to adopt the tech-
nical integration of MIMO and OFDM, and the pro-
posed RD-TDMA to save energy and enhance through-
put. First of all, we should pay attention to the optimi-
zation design of physical link quality to change physical
link conditions. It is beneficial to increase the robust-
ness and improve the performance of wireless ad-hoc
network for cross-layer optimization framework.

Path loss

As each node�s energy is limited in wireless ad-hoc
network, it is necessary to study and analyze path loss.
Meanwhile, path loss is an important indicator of physical
link quality and it plays an important role in prolonging
node�s life. The equation of path loss is shown in (2),
[3].

RT

2

sR SS
d4

TT 











  (1)

The relational expression between transmitting
power RT  and receiving power ST  is given above.

Where TS  and RS  represent transmitting node and re-

ceiving node of omni-direction antenna gain respectively,
 is given as the carrier wavelength, and d is the dis-

tance from transmitter to receiver.

SR TTloss_path  (2)

As shown above, path loss is equal to D-value be-
tween RT and ST .

From other aspects to take account of wireless ad-
hoc network, there are a lot of relays which amplify
signal to transmit further. Path loss is related to reflec-
tion coefficient, while the reflection coefficient is con-
nected with the propagation environment. The expres-
sion of path loss is given as following (3), [10].
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Of which it is the reflected number among relays,

id is the distance between transmitter and receiver, 
is the carrier wavelength.

From what has been discussed above, we draw
the following conclusion: there exists to be many fac-
tors accounting for the phenomenon of path loss, such
as propagation environment, multi-path fading, co-chan-
nel interference and collision, etc. Concretely speak-
ing, path loss is closely related to the carrier wavelength,
the distance between transmitter and receiver, trans-
mitting and receiving gain, and reflection coefficients.
As a result, to the end for reduction of path loss, we
should get down to doing this. We take advantage of a
technical integration of MIMO and OFDM to acceler-
ate the transmission rate and reduce the co-channel in-
ference, eventually to achieve the goals of improve the
physical link quality.

Adaptive BER scheme

Although the digital modulation is applied at physi-
cal layer to improve retransmission due to collision con-
ditions, the effect isn�t obvious. BER is an accuracy
index of data transmission in limited time. As a conse-
quence, we analyze and optimize the physical layer�s
information feedback, with aims at improving the reli-
ability of transmission. Reducing BER is beneficial to
retransmission, thus saving slots and energy. The defi-
nition of BER is expressed as (4).

bit

bit

S

E
BER  (4)

Of which bitE is the number of error bits, bitS is the total
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number of transmitted bits. We can only know that BER
is connected with transmitted bits from the definition.
Non-coherent FSK MODEM scheme about BER as
an algorithm formula is given by (5), [16].

)e(
2
1

BER R
NB

*
2

SNR

 (5)

As shown above, SNR is the signal to noise rate,

NB is the noise bandwidth, R is the transmission rate.
As can be seen from the expression, BER is related to
SNR.

For the sake of simplicity, we simplify BER by the
equation of )BERlg(Pe  . In contrast to various modu-
lation algorithms, we draw the relation between SNR
and BER, as Figure 1 shown.

)
r

SNR
1(logb

i
2i   (6)

To sum up, in order to improve the overall perfor-
mance of wireless ad-hoc network, we optimize MAC
protocol by optimize the physical link quality. Using
OFDM is beneficial to reduce BER for improving trans-
mission reliability.

c. Channel capacity and bandwidth utilization
Channel capacity and bandwidth play an important

part in improving the physical link quality, which are
important information of physical layer�s information
feedback. Meanwhile, they are vital index of measuring
channel utilization. As for MAC layer, the MAC proto-
col is mainly responsible for channel access and re-
source allocation. However, the enhancement of chan-
nel capacity and bandwidth utilization is good for hav-
ing an increase in throughput. Network throughput in
wireless ad-hoc network is an important indicator to
assess the network performance. To the end, it is es-
sential for us to study channel capacity and bandwidth
utilization.

To put it simply, Channel capacity refers to the larg-
est average rate of channel as it can. As Shannon said,
the definition of channel capacity is given by (7).

)SNR1(logBC 2W  (7)

Of which N
SSNR  , WB is channel bandwidth.

At the same time, in terms of wireless ad-hoc net-
work, it is a multi-hop network. So channel capacity
isn�t simply to describe. We take advantage of MIMO
to improve channel conditions. The authors in[10] have
studied the equation of channel capacity of a multi-hop
network, which is given by (8).
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Where the channel matrix of system is H , ip is a trans-

mission power of relay antenna, and il is the meaning of
path loss.

In addition, band utilization is to measure the effec-
tiveness of the digital communication system. Band utiliza-
tion is to describe a relationship between data transmis-
sion rate and bandwidth. The expression is given by (9).

Figure 1 : The relation between SNR and BER

As can been seen from the above Figure 1, by com-
parison with other modulation algorithms, QSK has a
good performance over PSK and FSK. We can ad-
dress the BER problem without effects on SNR by us-
ing QSK. In reality, each channel utilizes QSK modu-
lation technique in OFDM system. Therefore, we adopt
OFDM to make BER adaptive to changing conditions,
which makes for the stability and reliability of wireless
ad-hoc network.

Next, the relation between the number of modu-
lated bits ib in each channel and SNR is given as fol-

lowing (6), where ir  in each channel is the number of

internal SNR.
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w

b
b B

R
N  (9)

Where channel transmission rate is bR .
According to the expressions of (7-9), we know

that channel capacity and bandwidth utilization are re-
lated to bandwidth. Channel capacity is proportional to
bandwidth, while bandwidth utilization is inversely pro-
portional to bandwidth. Therefore, we can�t blindly
improve the network performance. On the contrary,
we should take several aspects into consideration to
design MAC protocol. Only in this way can effectively
enhance and improve the overall performance of wire-
less ad-hoc network.

As introduced above, as the physical layer�s infor-
mation feedback is critical to design cross-layer opti-
mization scheme, we have no choice but to optimize
PHY-MAC to improve the overall performance of wire-
less ad-hoc network, based on the physical layer�s in-
formation feedback. There are many cross-layer opti-
mization schemes implemented mechanically, without
taking the physical link quality into consideration. The
improvement of the physical link quality is not only good
for physical layer and MAC layer, but also it is benefi-
cial to the network layer, transport layer and applica-
tion layer. Therefore, fully considering the physical layer�s
information feedback to optimize the overall perfor-
mance of the wireless ad-hoc network is very neces-
sary.

A FUSION OF MIMO AND OFDM TO
OPTIMIZE PHY-MAC

The physical layer�s information feedback, such as
Path Loss, BER and SNR, mostly can be obtained by
evaluation of physical layer. However, the key is to how
to improve the physical link quality for implementing
cross-layer optimization.

So we use MIMO and OFDM jointly optimize the
quality of the wireless channel. At the same time, the
system model constituted by MIMO and OFDM is one
of the main alternatives as the next generation of wire-
less communication link. Therefore, we should be rea-
sonable to use a fusion of MIMO and OFDM to opti-
mize wireless link quality for the purpose of cross-layer
optimization.

There exists to be multi-path channel fading in wire-
less ad-hoc network. In order to change this phenom-
enon, OFDM is taken as a special kind of multi-carrier
transmission scheme. Besides, OFDM can be used as
a modulation method, or a multiplexing technique,
OFDM has a strong ability to resist frequency selective
fading and narrowband interference. The reason why
OFDM is used as one of a fusion of techniques is that it
can effectively resist multi-path propagation delay.

In addition, we adopt MIMO to optimize physical
link quality to enhance channel capacity and bandwidth
utilization. The objective of this technique is to improve
the reliability of channel and QoS, and reduce BER.
On the other hand, MIMO has the ability of overcom-
ing multi-path fading, but for deep frequency selective
fading, there is still no way to solve this problem for
MIMO. To address this problem, there are two ways,
one is to utilize equalization technology, and the other is
to use OFDM. On the basis of OFDM space resources
allocated reasonably, MIMO/OFDM is good for im-
proving data rate. In summary, it is a necessity to com-
bine MIMO and OFDM to optimize the physical link
quality for PHY-MAC cross-layer optimization. A fu-
sion system model of MIMO and OFDM is as shown
Figure 2.

Figure 2 : A fusion system model of MIMO and OFDM
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PROPOSED RD-TDMA

In order to improve the fairness and QoS of wire-
less ad-hoc network, we adopt TDMA as a non-con-
tention protocol at MAC layer. To address energy sav-
ing problem, we put forward our own RD-TDMA pro-
tocol.

TDMA is consisted of a lot of fixed slots, which is
used at MAC layer in contention free period. So we make
some changes to TDMA. For the sake of reduction of
retransmission due to occurrence of error bit, we take
advantage of RTS/CTS reservation mechanism to opti-
mize MAC, which reduce unnecessary transmission de-
lay. Retransmission will add energy to data to lower BER.
From many respects, the RTS/CTS mechanism is benefi-
cial to improving the overall performance of wireless ad-
hoc network. The specific algorithm is as follows:
(1) After setting up wireless ad-hoc network and ini-

tialization, the frame structure of TDMA is divided
into three parts, namely RTS, CTS and TDMA slot.
As shown above in Figure 3.

(2) When source node has data to send, at first, some

All in all, when users request to send data and ap-
ply for slot allocation, the first thing is to estimate chan-
nel state. Then go into TDMA mechanism if the channel
is idle. Otherwise, the system will adjust the carrier
mechanism to complete it, so that there exists to be
channel for user to send data until finishing transmis-
sion.

SIMULATION

Simulation is done in MATLAB. In the experiments,
we use the MATLAB simulation software for TDMA,
improved TDMA, namely RD-TDMA, and the joint
cross-layer optimization of PHY-MAC, namely

MIMO/OFDM+ RD-TDMA respectively. Then
we also analyze the two main performances in wireless
ad-hoc network, namely energy consumption and
throughput respectively. By many experiments, we draw
the following results in Figure 4 and Figure 5. Figure 4
shows energy consumption versus data rate curve, Fig-
ure 5 is the curve of network throughput along with
packet generation rate.

The simulation results indicate MIMO/

Figure 3 : The frame structure of RD-TDMA

physical link information, such as path loss, BER,
SNR, should be estimated at physical layer. At the
same time, we will add this information to RTS
frame, then to send it to MAC layer. We use the
physical layer�s information feedback to realize the
joint cross-layer optimization of PHY-MAC.

(3) When destination node receives RTS frame at MAC
layer, it will decide whether to send CTS and send
CTS to control the usage of slots. At last, when
source node continues to send data, it will transfer
into TDMA mechanism. Meanwhile, if there are any
other data to retransmit, they also can apply for
slots to send until finishing it, which will have a good
effect on reducing unnecessary delay.

Figure 4 : Energy Consumption versus Data Rate for TDMA,
RD-TDMA and MIMO/OFDM+RD-TDMA

OFDM+RD-TDMA is superior to TDMA and RD-
TDMA in improving the overall performance of wire-
less ad-hoc, especially in energy saving and through-
put. Specifically speaking, when data rate have a sharp
increase, MIMO/OFDM+RD-TDMA outperforms
TDMA and RD-TDMA in energy consumption, which
has a lower consumption. The main reason is that a
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technical integration of MIMO/OFDM is applied to
RD-TDMA. Besides, when network load is high, the
proposed cross-layer optimization of PHY-MAC has
an advantage over TDMA and RD-TDMA in through-
put, which also maintains an increase in throughput.

CONCLUSION

In this paper, according to the characters of wireless
ad-hoc network, we propose a optimization strategy as
a cross-layer optimization scheme of PHY-MAC jointly,
based on the physical layer�s information feedback, with
aims at improving the overall performance of wireless
ad-hoc network, significantly in energy saving and
throughput. On one hand, we utilize a fusion system of
MIMO and OFDM to optimize physical link quality at
physical layer. On the other hand, we adopt RTS/CTS
reservation mechanism to optimize TDMA at MAC layer.
To the end for achieving optimal network performance,
we carry out our cross-layer optimization design of PHY-
MAC scheme. Eventually, it is obvious that this optimi-
zation scheme can not only improve the fairness and QoS
of wireless ad-hoc network, but also reduce energy con-
sumption and BER, and have an increase in throughput.
At the same time, it will ensure the reliability and robust-
ness of wireless ad-hoc network.
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