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Abstract- In MANETS, it has been observed that channels suffer from poor bandwidth utilization and extreme unfairness in IEEE 802.11 
has been questioned. Existing MAC layer protocols do not cope well with this high level of change fairly. Unlike the existing schemes, the 
main objective of our proposed approach is to increase the fairness by allowing each node to adapt its transmission rate and contention 
window. The channel quality is determined based on probability of successful transmission from competing nodes in a particular channel. 
We validate the proposed modified_MAC using ns2.34 recording the probability to access the channel at regular intervals and comparing 
throughput, delay with original MAC. 

Index Terms— Channel quality, Contention Window, Competing nodes,Fairness, Mobile nodes,Performance,Throughput.   

——————————      —————————— 

1 INTRODUCTION                                                                     
Mobile Ad hoc Network (MANET) is a self-organized 
group of mobile nodes (MN’s)with no infrastructure [2]. 
These networks are primarily used in military, disaster 

zones where easily deployable temporary networks are need-
ed. MN’s causes frequent link failures in MANET which re-
sults not only in packet loss but also increased contention re-
ducing fairness of the network [9]. When this occurs the exist-
ing static mechanisms reset the Contention Window (CW) to 
the minimum value. This results in reduced throughput and 
increased delay.  The existing wired MAC layer protocols to 
achieve fairness cannot be generalized for MANETs because of 
the unique characteristics of the wireless channel, such as loca-
tion-dependent contention, inherent conflict between optimiz-
ing channel utilization and achieving fairness, and the absence 
of any centralized control.  

 
The IEEE 802.11 technology implements different Medium 

Access Control (MAC) methods for both centralized (e.g., 
wireless LAN) and ad hoc networks. The Distributed Coordi-
nation Function (DCF) is the fundamental MAC technique. It 
is based on the Carrier Sense Multiple Access and Collision 
Avoidance (CSMA/CA) scheme [3]. There are various trans-
mission rates available in IEEE802.11, there is no standard ap-
proach defined to select the appropriate rate while ensuring 
fairness among the competing nodes. Indeed, fairness and 
throughput optimization have never been jointly thought of. 
With this in mind, it should be noted that without ensuring 
fairness, the whole network becomes unable to reach its opti-
mum status. 

 
 In this paper we propose a mechanism which gradually re-

sets the CW, based on information on channel quality and also 
scales the transmission rates according to number of consecu-
tive successful or failure transmissions. In general, nodes 
competing for a particular channel have access to the channel 
under different conditions characterized by different parame-
ters such as nodes mobility, nodes density, traffic intensity, 
etc. We take into account the channel quality which is evaluat-
ed by the transmitter before it resets its Contention window.  

 
The rest of the paper is organized as follows. In the follow-

ing Section, we discuss the issues that degrade the fairness in 
MANETs. Section III elaborates about some of the related 
methodologies to our work. Section IV describes our proposed 
methodology for adapting the contention window. Section V 
contains the simulation parameters and analysis of obtained 
results. Section VI discusses the conclusions of our work and 
discusses opportunities for future work. 

2 FAIRNESS ISSUES IN MANETS 
  Fairness is of important concern in wireless networks in 
which resources are limited and channel condition is highly 
dynamic. In unfair configuration, not only the traffic condition 
involved in resources sharing, but also the relative location of 
nodes affects the effective utilization of these resources. There-
fore, it is difficult to manage resources in such situations. We 
show that the main causes of unfairness phenomena come 
from an incomplete knowledge of neighborhood activities (or 
a lack of synchronization) for nodes. The reasons for unfair 
situations to occur in MANETs are elaborated below.  

2.1 Unbalanced level of contention 
This happens when a flow in the middle of other flows under-
goes more contention than the neighbor flows. 

2.2 The well-known hidden station problem 
A In a 802.11 world, a RTS/CTS handshake was designed to 
overcome this problem. However such a scheme becomes inef-
ficient in a configuration where the interferer transmitter is 
out of the transmission range of the receiver that may therfore 
not decode the received CTS. 
 

2.3  Mobility-induced route changes and packet losses  
The mobility of the nodes affects the number of average con-
nected paths in routing layer, which in turn affect the perfor-
mance of the MAC protocol. 

2.4  Limited wireless transmission range 
Transmission range of a node refers to the average maximum 
distance in usual operating conditions between two nodes. 

A 
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3 RELATED WORK 
In the works of [5], [6], [7], a cross-layer solution from MAC to 
TCP is proposed. Here at the MAC layer, differentiating losses 
due to signal failure caused by displacement or by noise from 
other loss types is analyzed and data is collected. Based on the 
obtained information at MAC layer, the TCP layer distin-
guishes a loss due to interferences from those due to conges-
tions and to adapt consequently the TCP behavior. The disad-
vantage in these mechanisms is that the competing nature of 
MN’s in a MANET is not taken into account.  
   In [13] a similar mechanism to [5], [6], [7],  is proposed but 
with the difference the probabilistic analysis for contention 
and congestion control was done with the help of a snooping 
agent. Here the snooping agent in the source node does not 
wait for the usual TCP Acknowledgement to be received in a 
backward direction from the destination node instead it gen-
erates a TCP Acknowledgement on its own and delivers it to 
the transport layer [12]. Here when a TCP data packet is re-
ceived from wire-line network, the snoop agent will cache the 
TCP data packet in base station and monitor packet transfer at 
the base station. If the packet is lost in the wireless medium, 
the base station will automatically retransmit the TCP data 
packet and avoids TCP senders to retransmit again. When the 
base station forwards a packet to a TCP receiver, the snoop 
agent will evaluate the probability of packet collision. If the 
packet is lost, the snoop agent will use the previous evaluation 
to adjust the contention window of the MAC layer. 
   In [14] a Cross layer Congestion Control for TCP (C3TCP) 
congestion control over wireless local area networks where 
data delivery is performed over multiple wireless hops. It is 
assumed that every node has an appropriate output FIFO 
buffer, where the link layer packets are queued while the wire-
less medium is busy due to transmissions of other nodes. The 
second assumption consists in the availability of a routing 
path to every node of the multi hop network.  
  In [15] proposes an extended EDCF with a dynamic adapta-
tion algorithm of the maximum contention window (CWmax) 
for enhanced service differentiation in wireless ad-hoc net-
works. The purpose of their scheme was to reduce delay and 
jitter and increase the efficiency of the transmission channel. 
Priorities between access categories are provisioned by updat-
ing the size of the CWmax according to application require-
ments and channel conditions. Here the contention window 
has been set twice. First whenever collision occurred and then 
after every successful transmission.  
   A new scheme called SAM-MAC (Self-Adjustable Multi-
channel MAC) [16], which features with one common channel 
and two half-duplex transceivers for each node. A method 
called self-adjustment is used to reassign the channels and 
balance the traffic on different channels. Due to less contention 
in common channel and smaller channel assignment over-
head, this scheme increases the throughput compared with 
previous approaches. Control channels are free from satura-
tion problem and can furthermore be used for data transmis-
sion. Here two metrics are used for the channel reassignment 
algorithm: the number of neighbors and the channel busyness 
ratio, which can both be counted or calculated from the infor-
mation heard on the common channel. 

   In [3], [4] channel based schemes, propose that the channel as-
signed to a mobile node based on a traffic license. Here for 
each period of time, every node in the network is initialized to 
determine which channel to transmit data is used, according 
to the RTS/CTS packet exchanging with neighbors. The basic 
idea of this method is that the channel assigned to a mobile 
node must be different from those of its two-hop neighbors. 
By doing so, the nodes in the neighborhood will select differ-
ent channels to transmit their packets, so that the hid-
den/exposed terminal problem can be alleviated, the fairness 
problem can be mitigated, and the system throughput can fur-
ther be increased.  
   A mechanism similar to our work is the Enhanced Distribut-
ed Channel Access (EDCA) [10], which resets the Contention 
Window (CW) of the mobile station statically after each suc-
cessful transmission and proposes a new adaptive differentia-
tion technique that takes into account the network state before 
resetting the contention window and the congestion level of 
the network is sensed by using previous CW values. The dis-
advantage is that it fails to include the network data from 
competing nodes of a channel while calculating the CW value 
which as shown later does make a difference in terms 
throughput and delay. 
 

4 PROPOSED FRAMEWORK 
The proposed method in Contention window adaption algo-
rithm has been employed in IEEE 802.11 based on the compet-
ing nodes to successfully access the channel according to the 
probability of any transmission failure for nodes. In this 
scheme, each node calculates its probability to access the 
channel by taking into account all its competing nodes. Based 
on the transmission rate levels and probability to successfully 
access the channel contention window is adjusted. By the way 
delay is reduced and throughput is increased.This method 
follows the flow as shown in the following Figure 1.    
     Proposed scheme considered two parameters packet loss 
and channel quality. Determining packet loss mechanism is to 
detect the causes of packet loss based on probability of colli-
sions, either by timeout or by triple duplicated Acknowl-
edgements. The Pd - probability of transmission failure has 
been defined to exploit the information about the actual chan-
nel status.  
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 Pd is obtained from [8] by counting the number of observed 
transmission failures, divided by the total number of trans-
mission attempts on which the measurement is taken. 
 
   
        (1) 
                     

 
 

We propose that of all the competing nodes ( Φc) for channel j, 
each node x transmits its rate- rx and probability-Pxto its next 
node. Then summation ( ∑ ) is done for these received values 
from the competing nodes based on the below formula.  
 
Probability that a transmission fails for node d for channel j is 
given by, 
 
 
 
 

 
The next parameter is channel quality which is estimated on 
the assessment of transmission failures, transmission successes 
and transmission rates from all the competing nodes that are 
using that channel. The probability to access the channel is 
calculated based on the rates and individual probabilities of 
nodes competing for channel access. Before a node selects its 
transmission rate it assesses the number of its consecutive 
failure transmissions and the number of consecutive success-
ful transmissions with their respective threshold values. Every 
node calculates the probability to access channel. After that for 
each transmission cycle contention window is adjusted ac-
cording to the probability to access the channel. During the 
initial stage, the probability to successfully access the channel 
is 1 which essentially keeps the minimum contention window 
as CWcurr itself. The reason is that, when a node connects to a 
channel, it does not have prior knowledge on the presence of 
other competing nodes. When a node has prior knowledge of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
all its competing nodes CWcurr is adjusted based on CWmin 
and increased probability to access a channel successfully (Qjd) 

 
Algorithm for Adapting Contention Window 
 
The terms and notations used in the CW adaption algo-

rithm in Fig .2 are explained below in Table 1 
 

 
 
 

TABLE 1 
NOTATIONS OF CW ADAPTION ALGORITHM 

 

. 

 Pjd =   Σx∈Φc Px rx  

                   -------------------         
               Σx∈Φc rx 
 

 

   
 

. 

    Pd  = Fd/ Kd 

 

   
 

 
Fig. 1.  System Flow of modified_MAC 
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5 SIMULATION MODEL 
In this section, we have evaluated the performance of our pro-
posed solution on the following metrics [1],  
   Average Delay: The average delay calculates the required 
time to receive the packet.  
   Average Throughput: The average throughput which is the 
amount of data received successfully over a given period of 
time in terms of kilo bytes per second (kbps).  
   The simulation is carried out in ns2.34 simulator [11] with 15 
nodes using flat grid topology as in Figure 5.1. The MODI-
FIED_MAC was created with changes to mac.cc, mac.h, 
mac802_11.cc and mac802_11.h.The Simulation was done with 
underlying DSDV routing protocol. 
 
   The MODIFIED_MAC yielded an average value of 0.84881 
for probability to successfully access a channel. These new 
values show a marked improvement over values from original 
MAC, which gave an average probability of 0.570094 only. As 
explained in our proposed mechanism, probability that a 
transmission fails for node d is set based on formula (1) from 
which the probability of success is calculated and then the 
contention window is reset based on (2), 

 

 
 
      (1) 
 

 
 
 
 
       (2) 
 
 
 

 
 
For example if at a particular time stamp t, QJd, Cwminval-

ues were QJd= 0.857143, Cwmin= 32, then based equation (2)the 
Cwcurwill be adapted as 

 
               Cwcur= 32 * 0.857143 
               Cwmin=Cwcurr = 27.428576 
 
   A sampling value of probability for successfully accessing 

a channel is given in table 1. The modified_MAC shows im-
provement in delay in accessing a channel as shown in Figure 
3. There was a also an increased average throughput in Figure 
4 obtained from  XGraph utility based on data sets from AWK 
scripts processing. 
 
 
 
 

 
 
 
 
 
 
 

TABLE 2 
COMPARISON OF MODIFIED_MAC AND ORIGINAL MAC  

PROBABILITIES  

 

. 

 Cwcurr = Cwmin * Qjd 

 

   
 

. 

 Pjd =   Σx∈Φc Px rx  

                   -------------------         
               Σx∈Φc rx 
 

 

   
 

 
Fig. 2. Algorithm of modified_MAC  
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6   CONCLUSION 
In this paper, our proposed method has increased network 

throughput by minimizing the channel access delay. In addi-
tion we reset the contention window based on probability to 
successfully access the channel. Further we can extend our 
work to increase the end to end network throughput by de-
signing an efficient cross layer congestion control from MAC 
to TCP based on probabilistic predictions.  
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Fig. 3.  Comparing Delay between MAC and MODIFIED_MAC 

 

 

Fig. 4. Comparing Throughput between MAC and MODIFIED_MAC. 
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