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Abstract
Cross-Layer design is one of the approaches for performance 
improvement in Mobile Ad hoc Networks (MANET). Presently, 
each of the layers is designed to obtain optimum performance 
in MANET. However, this layered approach may not achieve 
optimum performance always. So, we discuss a cross layer design 
approach for improvement of performance in MANET. In this 
paper, we study the relationship of a couple of issues as observed 
in the Physical Layer of a high speed MANET  with the Medium 
Access Control (MAC) and routing layers. Subsequently, the 
merits of cross layer design approach for MANET at routing 
layer have been considered to elucidate advantages of cross layer 
design approach of MANET. 
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I. Introduction 
An Ad hoc Network is a self-organized network of a collection of 
wireless nodes even without the support of any fixed infrastructure. 
Nodes in an ad hoc network may be static or mobile. Mobility of 
nodes in a Mobile Ad hoc Networks may result in frequent path 
failure between a source and a destination. Maintaining radio 
link and satisfactory data communication in an infrastructure less 
ad hoc network is a challenging task. In recent times, there is a 
steady increase in demand for the high-speed services in MANET. 
Orthogonal Frequency Division Multiplexing technology is 
proposed for providing broadband services in a mobile environment 
[1]. However, it is well known that an OFDM based air interface is 
highly susceptible to carrier frequency and timing synchronization 
errors. Several schemes have been proposed in the literature to 
minimize the effects of synchronization errors in OFDM systems 
[2-4]. It has been shown that significant variation in the Frame 
Error Rate (FER) and Bit Error Rate (BER) pattern may result 
due to synchronization failures     
It is imperative that a poor FER or BER in a given operational 
environment compels the MAC layer to retransmit data packets 
frequently. For a Carrier Sense Multiple Access Collision 
Avoidance (CSMA/CA) MAC protocol, frequent retransmission 
request of a data packet may occur due to several reasons such as 
a) inadequate availability of RF channel and b) poor overall data 
throughput rate. There are two ways to improve overall packet 
transfer process viz. a) by improving the performance of RF 
transceiver and b) by keeping the MAC layer informed about the 
channel impairments so that the MAC protocol can take adaptive 
measures in line with the temporary channel hindrances.                    
Till date much of the design of wireless networks do not have the 
mechanism for the layers of the protocol stack to adapt to the above 
mentioned challenges. Layered protocol is simple and each layer 
of the protocol stack operates independently [5-6].  However this 
layered approach may not be suitable for MANET to cope with the 
dynamics of MANET environment. It is reported that cross-layer 
design approach can provides significant performance benefit in 
MANET [7-9]. In a cross-layer design approach interdependencies 

among different layers are exploited and the layers adapt their 
operation based on the exchange of cross layer information. 
Following this approach information from one layer may pass to 
adjacent layer or it may also pass to higher layer.   
Several cross-layer design approaches have been reported in 
the literature [9, 10-14] to improve the performance of wireless 
networks. Liu et al [9] have proposed a cross layer design which 
combines adaptive modulation and coding at physical layer with 
truncated automatic repeat request at data link layer, in order to 
maximize performance in a fading channel. Varshavky et al [10] 
have proposed a cross layer design approach where application layer 
controls the packet-sending rate based on the route information 
from the routing layer.  Yang et al [11] have proposed a cross 
layer design approach where routing layer selects an optimum 
route with low congestion, low delay and high SNR, based on 
SNR information from physical layer and delay information from 
MAC layer. Niang Yang et al [12] have proposed a cross layer 
design where, MAC layer adapts to different packet sending rate 
depending on the information on channel condition from physical 
layer. Further, routing layer selects an appropriate routing protocol 
depending on the congestion information available from MAC 
layer.  According to the cross layer design approach suggested by 
Yuen et al [13], routing layer selects a route based on the route 
information received from the MAC layer. Further application 
layer utilizes the same route information from MAC to control the 
sending rate of the packet based on the route information.. Pham et 
al [14] have proposed a cross layer design approach for MANET 
based on the channel estimation information indicating the duration 
for which the channel will go bad. MAC stops transmission for 
the duration for which channel is bad. This scheme decreases the 
energy consumption and saves bandwidth resource.  In this paper 
we investigate the need for possible changes in the Adhoc On 
Demand Distance Vector (AODV) routing algorithm in view of 
useful side information that may be obtained from a lower layer. 
Specifically, information related to the channel has been used to 
search for a value of the maximum number of Route Request 
(RREQ) control packets that the routing process should generate 
for optimum performance. 
We have arranged this paper as follows. Section II discusses 
the system model and simulation environment for studying the 
interaction of PHY layer on higher layers. Effects of frequency 
offset estimation scheme on higher layers of MANET are studied 
in Section III. Section IV presents a cross layer design approach 
at routing layer. Conclusion is provided in Section V.

II. A System Model for Cross Layer interaction
We briefly discuss the physical, MAC and routing protocols for 
MANET for supporting high speed data rate. 

A. Physical Layer 
OFDM technology is proposed for high speed mobile communication. 
However, OFDM is highly sensitive to synchronization error. 
Several schemes proposed for synchronization of OFDM based 
Wireless Local Area Networks (WLAN) systems based on IEEE 
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802.11a, have been discussed in literature [1, 4, 15]. We have 
considered the schemes due to Jimenez et al [2] (PHY Model A) to 
study the effect of PHY layer design on higher layers of MANET. 
Jimenez et al have proposed synchronization schemes for OFDM 
based WLAN system following IEEE 802.11a frame format [2]. 
Several multipath fading channels have been reported in [26] for 
the study of different mobile communication systems. However, 
we have considered two different channels for the evaluation of the 
performance of the PHY Model A.  One of the channels is a clear 
channel which we refer as AWGN Channel. The other channel is 
a multuipth fading WLAN channel with 100ns rms delay spread 
[26], which we refer as WLAN Channel. BER performance of the 
PHY Models A has been reported for multipath fading WLAN 
channel and AWGN channel in Fig.1. Plots (1) and (2) of Fig.1 
depict the BER performance of the PHY Model A in AWGN and 
WLAN channel respectively. BER performance presented in Fig.1 
is utilized to study the cross layer interaction of PHY on higher 
layers of MANET in subsequent sections. Bit Error Rate (BER) for 
given Eb/No and Channel condition is obtained from the plots in 
Fig.1. Using the BER, and assuming random error, the Probability 
of the Packet Error (Pe) for packet length of Q bytes is calculated 
as [17,18].

( )81 1 Q
e eP b= − −

where Pb is BER at a given Eb/No.

B. MAC Layer 
The primary function of MAC layer is to access the channel and 
achieve reliable transmission through relevant retransmission 
technique.  It tries to reduce collision of packets and save overhead. 
Medium access operation of an ad hoc network is based on IEEE 
802.11 DCF protocol based on CSMA/CA. 

C. Routing Protocol 
Routing layer is responsible for establishing the best available route 
from source to destination and repair the route as and when the 
route breaks. It tries to minimize the routing overhead and delay. 
Due to mobility of nodes in a MANET routing protocols play a 
vital role in establishing routes from source to destination during 
transmission of data packets. Several routing protocols have been 
proposed for MANET [19-21]. We have considered AODV routing 
protocol for the study of cross layer interaction. As per the AODV 
routing protocol, a node having a data to transmit searches for a 
route to the destination by broadcasting RREQ packets. An RREQ 
packet propagates to the destination node. A destination sends a 
unicast Route Reply (RREP) control packet to the sources node. 
On receipt of the RREP packet, the source node starts sending the 
data packets. However a node may not get a reply RREP packet in 
response to RREQ packet due to a) collision or b) route error. So, a 
source node repeats the process of route search by sending RREQ 
packet for a specified number of times. The node declares the route 
to destination unavailable if it fails to get the RREP. The number 
of maximum RREQ packets retransmitted for one data packet may 
be different in different channel conditions. So, we investigated 
for an optimum number of retransmissions for different channel 
conditions. The cross layer interaction and simulation environments 
are described in the subsections.

D. Cross Layer Interaction Study of PHY Layer
It is widely accepted that high speed communication is based on 
the OFDM technique. One of the drawbacks of OFDM is high 
sensitivity to synchronization error. BER performance of PHY 

Model A in AWGN and WLAN channel is reported in Fig.1. It 
is essential to study the effect of the PFY model A on the higher 
Layers of MANET.  We report the interaction of this PHY layer 
Model on higher layers in the subsequent sections. 

E. Simulation Environment
Simulation approach is popularly used to evaluate performance 
of wireless networks. Wireless channel and mobility are the two 
most important performance limiting factors in mobile ad hoc 
network. So, an extensive physical layer model is required to study 
the behavior of MANET. However most of the simulation tools 
today have insufficient support of physical layer model [23-24]. 
So, the results obtained from these simulators are questionable 
and there is a need for a better physical model incorporating most 
of the physical layer phenomena such as, a) multipath effects, b) 
modulation and c) synchronization aspects of a receiver.  A bit level 
simulation is required to study a physical layer model in detail. 
Further, there is a mismatch between the time scale involved at 
MAC and the physical layers. The bit level simulation is highly 
time consuming [23-24]. So, an approximate physical layer model 
incorporating most of the physical layer phenomena is commonly 
used to study protocol layers in a MANET.
We have used the GloMoSim simulator [25], developed in the 
University of California for performance evaluation of wireless 
networks. This simulator is useful for simulating multi-hop wireless 
networks and it supports a basic physical layer, good medium 
access control and network layer. The mobility model used for 
our simulation is Random Way Point [26]. Important simulation 
parameters are presented in Table 1. We have studied specifically 
the effects of residual frequency offset estimation schemes for 
OFDM based WLAN systems on the operation of MAC and routing 
layers. 
Several PHY Models [2, 4, 15] have been studied for high-speed 
WLAN systems. However, we study cross layer interaction of 
PHY Model A to elucidate the effects of PHY Models on higher 
layers of MANET. We have considered the following MANET 
user configuration a) MANET of 50 nodes and b) 10 sources with 
nodes moving at a speed distributed uniformly between 0 - 10 
m/s and 0 - 20 m/s. We have also considered pause time varying 
from 0s to simulation time. Pause time is the duration for which a 
node remains in static position after reaching the destination. The 
node starts moving to the next destination position after the end 
of the pause time. 
In this section, performance of PHY Model A represented by plot 
(1) and plot (2) of Fig.1 have been used for performance comparison 
of various parameters of MANET.

1. Packet Delivery Fraction 
Fig. 2 shows the packet delivery fraction vs pause time for the PHY 
Model A in WLAN and AWGN Channel. It is observed from plot 
(1) that the packet delivery fraction for AWGN channel increases 
from 32 percent to 90 percent with increase in speed from static 
to 10m/s. Packet delivery fraction for WLAN channel observed 
from plot (3) follows a trend similar to the WLAN channel. 
However, packet delivery fraction for AWGN channel is about 
30 percent higher than the WLAN channel at speed 10m/s. Packet 
delivery fraction is higher for WLAN channel due to better BER 
performance. It is observed that the packet delivery fraction is 
higher at higher speed due to the availability of alternate path to the 
destination at higher mobility. However, packet delivery fraction 
is lower at lower speed as nodes fail to get alternate path to the 
destination due to less mobility. 
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2. Normalized Routing Load 
Fig. 3 depicts normalized routing load vs speed for the PHY Model 
A in WLAN Channel and AWGN channel. It is observed from 
plot (1) that the normalized routing load for PHY Model A in 
AWGN channel increases from 0.119 to 0.12 with increase in 
speed from static to 10m/s. Normalized routing load for WLAN 
channel observed from plot (2) also increases from 0.15 to 0.162 
with the increase in speed from static to 10m/s. It is noticed that 
the normalized routing load for AWGN channel is lower than the 
WLAN channel. Higher normalized routing load at higher speed 
is due to the increase in the number of link breaks. 
It is observed that PHY Model A for WLAN and AWGN channel 
with 20dB performance difference at a BER of 10-3 result in a 
difference in normalized routing load and packet delivery fraction. 
So, we make use of these observations to justify a cross layer design 
approach of a wireless node based on its PHY layer performance

III. Cross Layer Design Approach and a Case Study For 
PHY and Routing Layer
We have explained earlier in Section II that a source node, which 
has a data packet to transmit, broadcasts an RREQ packet to 
the destination node. A destination node on receipt of RREQ 
packet unicasts an RREP packet to the source node. A source 
node transmits the data packet on receipt of the RREP packet. 
However, a source node may not receive the RREP packet due 
to a) collision or b) link failure. So, a source node retransmits 
RREQ packets to get RREP packet from destination node. It is 
reported that the maximum number of RREQ packet retransmission 
[Nmax(RREQ)=2] of two achieves optimum performance [Bro ‘98], 
[Per ‘99]. However, Nmax(RREQ)=2 may not be optimum for all 
conditions. The Nmax(RREQ) required to get an RREP from the 
destination may vary from one channel condition to another. In 
this section, we try to explore suitable values of Nmax(RREQ) in 
terms of packet delivery and routing load for AWGN Channel and 
WLAN channel using PHY Model B.  

A. Packet Delivery Fraction
Fig. 2 depicts packet delivery fraction vs speed for a MANET in 
AWGN Channel. Plots (1) and (2) present packet delivery fraction 
for Nmax(RREQ) of 3 and 4 respectively for AWGN Channel. It 
is observed from plot (1) that the packet delivery fraction for 
Nmax(RREQ) of  2 increases from 32 to 88% with increase in speed 
from 0 to 10m/s. Further increase in speed does not change the 
packet delivery fraction appreciably. Packet delivery fraction for 
Nmax(RREQ)=3 as observed from plot (2) is about 2 percent less 
than Nmax(RREQ)=2).  
Plots (3) and (4) present packet delivery fraction for WAN Channel 
with Nmax(RREQ)= 2 and 3 respectively. It is observed from the 
plot (3) that the packet delivery fraction increases from 28 to 60 
percent with increase in speed from 0 to 20m/s. Plot (4) depicts that 
the packet delivery fraction for Nmax(RREQ) of 3 is appreciably 
higher than Nmax(RREQ) = 2. The packet delivery fraction for 
Nmax(RREQ) = 2 follows a trend similar to Nmax(RREQ) = 3.   
The maximum number of RREQ packets retransmission 
[Nmax(RREQ)] that may ensure high packet delivery fraction, 
is dependent on the channel condition. While a value of 2 is 
preferred for a clear channel, a value of 3 is more suitable for 
indoor wireless LAN environment. This implies that this parameter 
should be adapted at the routing layer according to the changes 
in the propagation channel to maximize packet delivery fraction 
in a MANET. 

B. Normalized Routing Load
Fig. 3 presents normalized routing load vs speed for AWGN Channel 
and WLAN Channel. Plots (1) and (2) depict normalized routing 
load for Nmax(RREQ)=2 and 3 respectively in AWGN Channel. It 
may be observed from plot (1) that the normalized routing load 
increases marginally with increase in speed from 0 to 10m/s. With 
further increase in speed of mobile nodes, normalized routing load 
increases at a higher rate and becomes 0.19 at speed equal to 
20m/s. Similar trend is observed from plot (2) for Nmax(RREQ)=3. 
However, normalized routing load for Nmax(RREQ) =2 is lower 
than Nmax(RREQ) = 3 for AWGN Channel.
Plots (3) and (4) present normalized routing load for WLAN 
Channel for Nmax(RREQ) of 2 and 3 respectively. It is observed from 
plot (3) that normalized routing load increases from 0.15 to 0.24 
with increase in speed from 0 to 20m/s. Normalized routing load 
observed for Nmax(RREQ) of 2 and 3 from plots (3) and (4) follow 
similar trend. However, normalized routing load for Nmax(RREQ) 
of 3 is lower than Nmax(RREQ) of  2 in WLAN Channel.
The maximum number of RREQ packets retransmission 
[Nmax(RREQ)] that may ensure low routing load is again affected 
by the channel condition. While a value of 2 is preferred for a 
clear channel, a value of 3 is more suitable for indoor wireless 
LAN environment. This implies that this parameter should also 
be adapted at the routing layer to minimize the routing load in a 
MANET. Received signal SNR threshold criteria may be used 
to differentiate between a clear channel (AWGN) and fading 
channel. 

IV. Conclusions
It is observed that the performance metrics a) Packet delivery fraction 
and b) Normalized routing load are sensitive to the propagation 
channel model and performance of the radio receiver.
We investigated the sensitivity of one parameter namely Nmax(RREQ) 
to physical layer Model to see its effects in the performance. For 
comparison of PHY Model, we consider a clear Channel Model 
and WLAN Channel Model. Our study shows that Nmax(RREQ) 
should be increased when the propagation channel manifests fading 
temporally compared to clear channel . 
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Parameters Used for Simulation
Parameters Value/Specification Parameters

e 1000Mx500M Routing protocol

Number of Nodes 50 Packet size

Node mobility model Random Waypoint Type of data traffic

Number of sources 10 Routing Protocol

Maximum Speed (M/s) 10 - 20 Simulation time

Pause time 0 sec to 300 sec Mac Protocol

Reception model BER based
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Fig. 1: BER vs Eb/No for Two Different Channel Models With 
PHY Model A in the Receiver: (1) WLAN Channel and (2) AWGN 
Channel

Fig. 2: Packet Delivery Fraction vs Speed (m/s) for a MANET 
of 50 nodes and 10 sources using PHY Model A in AWGN and 
WLAN Channels : AWGN Channel (1)Nmax(RREQ)=2, (2) 
Nmax(RREQ)=3; WLAN Channel (3) Nmax(RREQ)=2, (4) 
Nmax(RREQ)=3.
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Fig. 3: Normalized Routing Load vs Speed (m/s) for a MANET 
of 50 nodes and 10 sources using PHY Model A in AWGN and 
WLAN Channels : AWGN Channel (1)Nmax(RREQ)=2, (2) 
Nmax(RREQ)=3; WLAN Channel (3) Nmax(RREQ)=2, (4) 
Nmax(RREQ)=3.


