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Abstract- Recently there have been considerable interests focusing 
on the enhancement of Mobile Ad-hoc NETworks (MANETs), 
which are a collection of wireless mobile stations forming a self-
configuring network without using any existing infrastructure. 
The Distributed Coordination Function (DCF) of IEEE 802.11 
Medium Access Control (MAC) protocol has been widely 
employed to control the shared wireless medium. The DCF utilizes 
a Binary Exponential Back-off (BEB) scheme to re duce the 
collision probability by doubling the contention window (cw ) 
upon a packet collision. In this paper, we propose a new back-off 
algorithm to enhance the performance of DCF in IEEE 802.11 
MANETs, which is based on the idea of using a threshold of the 
collision rate to switch between two different increasing functions . 
This dynamic algorithm can be easily integrated into the 
traditional DCF protocol. The performance of the improved DCF 
is investigated and compared with the original DCF using the 
network simulator NS-2 under different mobility models . The 
performance results reveal that the improved DCF is able to 
achieve higher throughput as well as lower packet loss probability 
than the original DCF. 
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I. INTRODUCTION 

The rapid  increasing in the number of PDA (Personal Digital 
Assistants) devices, palmtops and compact laptops has made wireless 
networks more popular in the network industry. They can provide a 
flexible data communication system that can either replace or extend a 
wired LAN to provide location independent network access between 
computation and communication devices using waves rather than a 
cable infrastructure. Wireless networks are becoming more widely 
recognized as a general-purpose connectivity alternative for a broad 
range of business organizations owing to its simplicity, scalability, 
relative ease of integrating wireless access and ability for wireless 
stations to roam throughout the business organizations with remaining 
connected to other existing network resources such as servers, 
printers, and Internet connections. One of the major types of the 
wireless networks is Mobile Ad-hoc NETworks (MANETs). MANET 
consists of a collection of mobile stations which they could 
communicate with each other without the use of any pre-existent 
infrastructure. In order to allow the mobile stations to share the 
wireless medium,  many practical MANETs have widely employed 
the Institute of Electrical and Electronics Engineers (IEEE) 802.11 
standards ratified in 1997 that can operate at data rates up to 2 Mbps 
in the 2.4-GHz Industrial, Scientific and Medical (ISM) band. But the 
most general business requirements cannot be well supported by the 
slow data rate of the original IEEE 802.11 standard. Recognizing the 

critical need to support higher data-transmission rates, the IEEE 
ratified both 802.11a and 802.11b standards with the rates up to 54 
and 11 Mbps in the 5 and 2.4-GHz ISM band, respectively [6,16].  
Moreover, both standards specify the specification of the Medium 
Access Control (MAC) protocol, which is responsible for control 
access to the transmission medium. The most important purpose of 
this protocol is to enable the capacity of transmission media to be 
utilized in an efficient manner by wireless network devices.  

The IEEE 802.11 MAC protocol offers two different methods to 
support share access to wireless channels; a Distributed Coordination 
Function (DCF) and an optional Point Coordination Function (PCF) 
[6]. At the present time, the DCF is the dominant MAC mechanism 
implemented in the IEEE 802.11-compliant products. The DCF is 
based on the Carrier Sense Multiple Accesses (CSMA) mechanism, 
which is a contention-based protocol making certain that the stations 
first sense the medium before data-transmission. Moreover the DCF 
applies a collision avoidance (CA) mechanism which can reduce the 
probability of collisions using an additional random binary 
exponential time called back-off time. The main objective of 
CSMA/CA is to avoid stations transmitting at the same time, which 
can lead to collisions and corresponding retransmissions [6, 9, 10]. In 
addition to the common CSMA/CA techniques, the DCF further 
reduces the possibility of collisions and improves data delivery 
reliability by adding acknowledgement frames and optional channel 
reservation frames (i.e., Request-To-Send and Clear-To-Send) to the 
exchange sequences of its data frames. Different from DCF, the 
optional coordination function PCF is a centralized scheme designed 
for infrastructure networks that have a point coordinator operatin g at 
the Access Point (AP) to poll and select the next wireless station for 
data-transmission [6]. 

The enhancement of the IEEE 802.11 MAC protocol has attracted 
numerous research efforts [5, 8, 15] over the past years. Wu et al. [15] 
have proposed a mechanism to enhance the throughput of DCF by 
adjusting the scheme of resetting the contention window. Lin and Pan 
[8] have introduced a Tender back-off algorithm, which adds two 
more back-off stages to the original BEB scheme. They have shown 
that this mechanism can improve the throughput of DCF. However, 
the authors did not study other QoS performance measures of the 
proposed mechanism, such as packet delay and loss probability. 
Chatzimisions et al. [5] have proposed a Double Increment Double 
Decrement (DIDD) back-off algorithm which decreases the size of 
contention window half after a successful transmission rather than 
resetting it to the minimum value. They have conducted an extensive 
performance study to demonstrate the efficiency of this algorithm.  

 In order to enhance the performance of the DCF protocol, we 
propose a new adaptive MAC scheme, which takes the traffic loads of 
the stations into account. This scheme uses the recent collision rate as 
a threshold to switch between two different increasing functions (i.e., 



exponential and quadratic) in the case of collision. The exponential 
increasing function is adopted when the mobile station works under 
light traffic loads while the quadratic increasing function is used when 
the mobile  station has heavy traffic  loads. The performance results 
based on simulation experiments demonstrate that the adaptive MAC 
scheme outperform the original DCF in terms of throughput and 
packet loss probability. 
The rest of the paper is organized as follows: Section II introduces 
DCF MAC protocol of the IEEE 802.11 wireless networks. This 
section then proposes a new back-off algorithm of DCF protocol. 
Section III introduces the major mobility models of MANETs. Section 
IV describes the simulation scenarios and the setting of simulation 
parameters. Section V presents and analyses the performance results 
obtained from simulation experiments. Finally, Section VI concludes 
this study.  

II. BACKGROUND 

A. Distributed Coordinated Function (DCF) 

The contention-based DCF is the basic access mechanism of IEEE 
802.11. Like most of the contention-based MAC protocols, DCF relies 
on a Carrier Sense Multiple collision Access with Collision 
Avoidance (CSMA/CA) algorithm to access the shared medium. A 
station having packets ready for transmission senses whether or not 
the medium is busy. If it has been idle for longer than the minimum 
duration called DCF Interference Space (DIFS) the station can start 
transmission immediately. Otherwise a back-off time is chosen 
randomly from the interval [0, cw ], where cw  represents the 
contention window [9, 10]. The stations start down-counting its back-
off counter by one only if the medium has been detected idle for at 
least a DIFS. If the medium gets busy due to other transmissions, the 
back-off counter pauses down-counting and resumes when the 
medium has been sensed idle for DIFS again [6, 9]. Transmission may 
proceed when back-off counter has reached zero. Upon detection of a 
collision, i.e., when the back-off counter of two or more stations reach 
zero at the same time, the contention window is doubled according to 

12 1 −= −+ ik
icw  where i  is number of attempts to transmit the frame 

and k  is a constant defining the minimum contention window 

12min −= kcw  [9]. When the destination station receives frame 
successfully, it sends an acknowledgment (ACK) frame back to the 
source station after a Short Inter frame Space (SIFS) duration. 
Additionally, to alleviate the hidden station problem, DCF uses 
optional Request-to-Send/Clear-to-Send (RTS/CTS) frames before 
packet transmission [6].  

B. An Improved DCF Protocol 

 IEEE 802.11 DCF adopts an exponentially back-off algorithm to 
handle the collision between any two wireless stations. However, the 
DCF does not consider the mobile station situation whether it is under 
heavy traffic loads or not. To handle this issue, this paper proposes an 
improved DCF using a dynamic back-off algorithm to control the 
wireless medium, which uses the collision rate as a threshold to switch 
between two different increasing functions (exponential and 
quadratic) in case of collision. The improved DCF uses the  
exponential increasing function when the mobile station is under light 
loaded traffic while uses the quadratic increasing function when the 
mobile station is under heavy loaded traffic. 
The collision rate is computed at the run-time by each wireless station 
using the following formula: 
[ sentpacketNumcollisionNumRateCollision __/__ = ]. Fig. 1 

describes the dynamic back-off algorithm which is used by the 
improved DCF. 

Initialization 
cw = mincw ; 

In case of Collision  
 
Function cw_inc() 
BEGIN    
collision ++;  
IF ( col_rate < Threshold ) 
cw  = ( cw +1) * 2  -1 ; 
ELSE 

  cw = 1)1( 2 −+cw ; 

IF ( cw > maxcw ) 

      cw = maxcw ; 

END. 
After a successful transmission: 
 
  Function cw_reset () 
  BEGIN 
    number_packet_sent ++; 
    col_rate = collision / number_packet_sent ;  
      cw = mincw ; 

  END. 

Fig. 1. An improved DCF back-off algorithm. 

III. MOBILITY MODELS 

Appropriate mobility models that can accurately capture the properties 
of real-world mobility patterns are required for effective and reliable 
performance evaluation of the MANETs. Due to the different types of 
movement patterns of mobile users, and how their location, velocity 
and acceleration change over time, different mobility models should 
be used to emulate the movement pattern of targeted real life 
applications. In our study, three different mobility models are 
considered including Random WayPoint (RWP), Manhattan grid and 
Reference Point Group Mobility (RPGM) models [2, 4, 7].   
The RWP mobility model proposed in [4] is the most popular mobility 
model used in the performance and analysis of the MANETs due to its 
simplicity.  The two main key parameters of the RWP models are 

maxV  and  pauseT  where maxV is the maximum velocity for every 

mobile station and pauseT  is the pause time.  A mobile station in the 

RWP model selects a random destination and a random speed between 
[0, maxV ], and then moves to the selected destination at the selected 
speed. Upon reaching the destination, the mobile station stops for 
some pause time pauseT , and the repeats the process by selecting a new 

destination, speed and resuming the movement.    
Unlike RWP mobility, Manhattan mobility model uses a grid road 
topology. Initially, the wireless stations are placed randomly of the 
edge of the graph. Then the wireless stations move towards a 
randomly chosen destination employing a probabilistic approach in 
the selection of stations movements with probability ½ to keep 
moving in the same direction and ¼ to turn left or right.   
In addition to RWP and Manhattan mobility models, the Reference 
Point Group Mobility (RPGM) model was proposed in [7]. In this 
model, each group has a number of wireless station members and a 
center, which is either a logical center or a group leader. The 
movement of the group leader determines the mobility behaviours of 
all other members in the group. One of the real applications which 
RPGM model can represent it accurately is the mobility behaviour of 
soldiers moving together in a group. 



IV. SIMULATION SCENARIOS AND CONFIGURATION 
The well-known network simulator NS-2 [11] has been adopted to 

conduct our simulation experiments. This section will present the 
experiment scenarios and how to configure simulation parameters. 
The simulation scenarios studied in this research was designed to 
investigate the performance of the improved DCF in MANETs. The 
scenarios are composed of up to 80 mobile stations. Each wireless 
station operates under the IEEE 802.11a standard at a data rate of 
24Mbps [9]; the setting of physical layer (PHY) and MAC parameters 
are shown in Table I. All stations are used RTS/CTS mechanism and 
generates data packets according to a Poisson arrival model 
 (characterized by the independent exponentially-distributed inter-
arrival times with  160 Kbit/s sending rate and 200 bytes packet size; 
these parameters have been widely used in the previous network 
performance evaluation studies [5, 9]. Every two pair of stations has a 
data connection between each other. 

TABLE I 
NS-2 PHY PARAMETERS FOR IEEE 802.11a 

  
SlotTime 9 µs  

CCATime 3 µs  

RxTxTurnaroundTime 2 µs  

SIFSTime 16 µs  

PreambleLength 96 bits 
PLCPHeaderLength 40 bits 
PLCPDataRate 6 Mbps 

mincw  15 

maxcw  1023 

 

V. PERFORMANCE ANALYSIS AND EVALUATION  
In this section we investigate the performance of the dynamic back-

off algorithm of the DCF scheme of the IEEE 802.11 based MANETs 
in terms of throughput and packet loss probability. 

A.  Throughput   

 The average throughput is calculated as the mean volume of data 
that is actually delivered to the destination within each time unit. As 
an effort to investigate the performance of the improved DCF, Figs. 2, 
3 and 4 compare the throughput of the original and improved DCF 
versus the number of mobile station under three different mobility 
models scenarios. 

 

Fig. 2. Throughput comparison between the original and improved 
DCF for the RWP mobility model. 

 For the RWP scenario the improved DCF achieves the higher 
throughput than the original DCF in all cases. For example when there  
are 20 active stations, the throughput of the improved DCF and 
theoriginal DCF is around 1.9 Mbit/s and 1.4 Mbit/s. respectively.  

 

Fig. 3. Throughput comparison between the original and 
improved DCF for the Manhattan grid mobility model. 

However, it is clearly observed that the movement pattern of the RWP 
mobility model has a very bad impact to the throughput of the 
MANETs.  

Moreover, Fig. 3 shows the throughput of the original and the 
improved DCF under Manhattan grid mobility scenario. As shown in 
the figure, the original DCF cannot keep the increasing of the 
throughput when there are more than 20 contending stations. This is 
mainly because of the huge number of collisions caused by the large 
number of contending stations. Additionally, the throughput of the 
improved DCF is higher than the original DCF in most cases. It is 
worth noting that the increasing number of contending stations 
degrades the throughput of the MANETs significantly when the  
Manhattan grid mobility model is used. As a result for Manhattan grid 
mobility model scenario, the improved DCF can achieve better 
throughput than the original DCF under heavy loads traffic and 
perform similarly as the original DCF under very heavy loads traffic. 

 

Fig. 4. Throughput comparison between the original and improved 
DCF for the RPGM mobility model. 

 Furthermore Fig. 4 reveals the throughput of the original and the 
improved DCF under RPGM mobility model. From the figure, the 
improved DCF has better achievement than that of the original DCF in 
all cases. The throughput of the improved DCF increases up to 40%, 
compared with the origina l DCF. It is also clear that under the RPGM 
mobility model scenario the original and the improved DCF archive 
better throughput than the RWP and Manhattan mobility model 
scenarios. This is because of the random behaviour of the RWP and 
Manhattan mobility model.        

B. Packet Loss Probability 

The probability of packet loss is calculated as the ratio of the 
number of lost packets over the number of generated packets. Figs. 5, 
6 and 7 reveal the packet loss probability of the original and improved 
DCF under the there different scenarios. From Fig. 5 which represents 
the result of the scenario of RWP mobility model, we can observe that 
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the improved and the original DCF suffer from the high packet loss 
probability when there are more than 30 active stations. 

 

Fig. 5. Packet loss probability comparison between the original and 
improved DCF for the RWP mobility model. 

 

Fig. 6. Packet loss probability comparison between the original and 
improved DCF for the Manhattan grid mobility model. 

This is due to the movement of the stations, increasing number of 
collisions and the limited capacity of the transmission queues which 
cannot accommodate more packets. However, it is clear that the 
improved DCF has a lower packet loss probability than the original 
DCF in all cases. For example, the packet loss probability for the 
improved and original DCF is around 0.3 and 0.5, respictivelly, when 
there are 20 contending stations. 

 

Fig. 7. Packet loss probability comparison between the original and 
improved DCF for the RPGM mobility model. 

In addition to the scenario RWP mobility model, Fig. 6 reveals the 
packet loss probability of the Manhattan grid mobility model scenario. 
In this scenario, it is clear that the scenario of the Manhattan mobility 
model suffer from very high packet loss probability in all cases. It also 
can be observed that the improved DCF has slightly lower packet loss 
probability than the original DCF in most cases.  

Furthermore, Fig 7 illustrates the packet loss probability of the 
improved and original DCF under RPGM model scenario. The figure 

shows that the improved DCF has performed better than the original 
DCF in all cases. For example, the packet loss probability for the 
improved and original DCF is around 0.6 and 0.75, respectively, when 
there are 50 contending stations. As a result, the movement pattern of 
the mobility models has huge effect to the packet loss probability of 
the MANETs.  

VI. CONCLUSIONS    

Mobile Ad hoc NETworks (MANETs) are expected to play an 
important role in civilian forums such as campus recreation, 
conferences, and electronic classrooms etc. Many MAC protocols 
have been proposed to mange and control the shared wireless medium. 
This paper has proposed a dynamic back-off algorithm for DCF in 
order to enhance the performance of the IEEE 802.11 WLANs. This 
algorithm employs the collision rate as a threshold to switch between 
two different increasing functions. An exponential increasing function 
is used when the traffic load is low while a quadratic increasing 
function is used when the traffic load is high and the number of  
collisions is large. Performance evaluation of the improved DCF has 
been conducted using the network simulator NS-2 under different 
mobility models. The performance results have shown that the 
improved DCF outperforms the original DCF in terms of throughput 
and packet loss probability under different mobility models. For 
example, under the RPGM mobility model, the throughput of the 
improved DCF increases up to 40 and the packet loss probability 
decreases 13%.  
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