
   Abstract—We propose a methodology for improving the 
performance of Progressive Back Off Algorithm (PBOA) 
which is a protocol that performs medium access control 
jointly with power control in ad-hoc networks.  
   Our method selects the optimum SNR thresholds based on 
link quality. It adjusts the role of nodes’ mobility in network 
throughput. Simulation results show that the improved 
protocol outperforms PBOA without adaptation taken from 
link quality. 

Index Terms— Progressive Back Off Algorithm, Medium 
Access Control, Link Quality, Throughput. 
 

 

I. INTRODUCTION 

  Ad-hoc networks, because of their independent                                                                   

infrastructure and some particular aspects, can be employed 
by a wide range of applications; for example, military and 
on-demand applications, home and wireless sensor 
networks. These characteristics have caused ad-hoc 
networks and their related protocols to be a hot area of 
research. One of these areas is MAC protocol design 
expected to be compatible with distributed nature of such 
networks. 
   Since nodes are located in a wireless environment, the 
strength of their transmitted signals decays exponentially 
with distance. This problem makes nodes send and receive 
in limited ranges which lead to hidden/exposed terminal 
problems. Thus, MAC protocols should be such designed to 
overcome these challenges. Carrier Sense Multiple Access 
with Collision Avoidance (CSMA/CA) - the MAC protocol 
used in IEEE 802.11 standard [1] - was introduced as an 
effective MAC protocol which utilizes a four-handshake 
mechanism in order to prevent collisions. However, it has 
some drawbacks such as low spatial-reuse, lack of power 
control and collision of control packets. Other 
disadvantages, which are also stated in [2], are the poor 
performance over weak links, and, what is more, First-In-
First-Out (FIFO) queuing discipline is not optimum for this 
protocol.  
   One approach in order to improve the difficulties is 
dividing time into slots [3], or using consecutive mini-slot 
pairs which proposed in PBOA and PRUA [2] MAC 
protocols.  

   In this paper, we study the PBOA algorithm in-details. 
This protocol is considerable since it employs an algorithm 
for power control [4] as well as medium access. In [2], the 
authors took advantage of cross-layer principles so as to 
improve the performance of PBOA. In addition to 
interactions between power control, routing algorithms, 
queuing discipline and channel access specified in their 
paper, we consider the role of nodes’ mobility in ad-hoc 
networks using PBOA as a MAC layer protocol. To reduce 
the adverse effects of nodes’ motion and probable large 
distances on throughput, we propose a method to 
compensate it by changing SNR threshold based on link 
conditions. This is obtained by using coding techniques or 
modulation schemes.  
   The organization of the paper is as follows. In section II, 
we focus on PBOA operation and its efficiency by 
regarding the concept of cross-layer. We also describe how 
to improve PBOA performance in the case of mobility. 
Section III shows the network model, simulation 
assumptions and results. We conclude in section VI. 

II. Background 

A. Progressive Back-Off Algorithm 
   This protocol was first introduced in 2003. According to 
[2], time is divided into multiple frames, and each frame 
consists of two slots, contention slot and data slot. The 
contention slot, subsequently, is partitioned to several mini-
slot pairs. As shown in figure 1, the first and second part of 
mini-slot pair is devoted to transmitting Request To Send 
(RTS) and Clear To Send (CTS) packets, respectively. 
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Figure 1- Frame format of PBOA 

   In this protocol, each node belongs to one of the three 
categories: contending, locked and silent nodes. At first, all 
nodes that have packet lie in contending group and compete 
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for channel access during the contention slot. Nodes which 
are being successful transmit an RTS packet with maximum 
power. These nodes decrease their transmit power during 
the rest of mini-slot pairs based on a power control 
algorithm [4]. Other nodes either back-off or remain in 
contending group, but choose another target.  
   The rest of nodes that have no packets form the silent 
group. The silent nodes that receive an RTS packet from 
contending nodes with SINR ijγ , (1), greater than a given 

threshold, Tγ , respond with a CTS packet. This CTS packet 
also specifies the power decreasing factor. Now, we define 
the SINR mathematically. Let i be a transmitter node, then 
SINR at node j will be: 

∑ ≠
+

=
ik kkjj

iij

PG
PG

ij η
γ                                                             (1)  

  Where Pi is the transmitter power, η  is thermal noise 
power and the summation refers to interference. Gij is also 
the channel gain between nodes i and j defined by (2). 

α)/( 0 ddKGij =                                                              (2)  

   Where K is a unitless constant which depends on carrier 
frequency, d0  is reference distance for the antenna far-field, 
d is transmitter-receiver distance and α is path loss 
exponent. 
   The nodes which receive the CTS packet from their 
intended destinations become locked. Locked nodes send an 
RTS packet using the specified reduced power and carry on 
transmitting until the end of mini-slots to prevent collisions 
among nodes. The CTS packet, in contrast, is sent to a 
locked node only once if the condition below is met: 

Ti γγ )1( ∆+>                                                        (3)  

   Where ∆ is a constant simulation parameter which 
represents the upper-bound of acceptable SINR. 

   B.   Integration of PBOA with Cross-layer Concepts 
   Layered network structure has been successfully used in 
wired networks. Nevertheless, since protocols at each layer 
operate independently in layered structure, this may not be 
suitable for wireless networks. Although breaking layered 
structure causes many challenges, by designing more 
intelligent protocols which adapt their behavior based on 
local and global information, a significant performance 
improvement will be obtained through cross-layer 
architecture. For example, we can mention the role of link 
quality knowledge at MAC layer to create more powerful 
routing algorithms [5]. 
  In [2], this idea is employed to classify links in three 
groups: weak, balanced and strong. Therefore, the authors 
use three routing protocols corresponding to the quality of 
these links. Another point of view about cross-layer design 

is applying non-FIFO queuing discipline in PBOA, where a 
node which is unsuccessful in competition, stays in 
contending group and choose another destination. To clarify 
how the non-FIFO discipline works, we refer to an example. 
   Suppose node A decides to transmit to node B, and node 
C has two packets in its queue, one of them for A (placed at 
the head of queue) and another for D.  Based on FIFO 
queuing, node C must wait for A to terminate its 
transmission. Yet, in the non-FIFO queuing, node C can 
first transmit the packet which is not at the head of queue 
and addressed for D. 
   The authors have shown that channel utilization can be 
improved by means of non-FIFO discipline. Moreover, they 
provide evidence that PBOA is robust to the so-called 
routing protocols.  
   With respect to cross-layer principles, we propose a 
method which employs specifications of MAC and PHY 
layer together in the next section. 

C.   Improving PBOA Throughput in The Presence of       
Node’s Mobility 

   We consider the mobility a fundamental part of ad-hoc 
networks. Node’s motion may have influences on system 
performance. In this section, we will show how to improve 
throughput by taking advantage of changing SNR. 
   Suppose a case in which static nodes are placed randomly 
in a limited area. The nodes start to move so that they will 
be located such that distances between them become larger. 
As a result, the threshold SINR, which defined previously 
to decode their received packets, cannot support the 
reception of their packets now. As it is obvious from (1) 
and (2), when the distances increase, the SNR (SINR in the 
absence of interference) will be reduced. 
   Based on IEEE 802.11 physical layer standard [1], the 
rate of 1 Mbps is supported by BPSK modulation. We 
choose different levels of SNR threshold according to 
modulation curves of BPSK, figure 3, with and without 
coding. 
   Assuming the same BER, each curve gives us a distinct 
range for SNR. We specify three different SNRs to cover 
three ranges of distance. In other words, we are interested in 
using: 

1. BPSK without coding if the nodes use strong links; 
2. BPSK with block coding and soft-decision 

decoding if the nodes use balanced links; 
3. BPSK with convolutional coding and soft-decision 

decoding if the nodes use weak links.  

Block encoder has theses characteristics: the message 
length, k, is 3 bits, and the codeword length, n, is 7 bits. 
Also, the minimum distance, dmin, of code is 5.  
Convolutional encoder has one input and two outputs. The 
generator polynomials is [171 133] in octal form, which 
indicates how the input contributes to the first and second 
output, respectively. The constraint length is also 7.    
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Figure 3- Modulation curves for BPSK with and without codeing 

   In the random topology, by strong links, we mean the 
links which have the higher gains and shorter distances. 
Weak links refer to links which have lower gains and longer 
distances. Balanced links lie between strong and weak links.  
   Our method has an advantage that allows the nodes to 
choose the highest SNR threshold (BPSK) in the most 
possible cases in order to prevent the tolerated complexity 
due to coding techniques. On the other hand, when the 
distances become larger, and we use the highest SNR, 
throughput will be degraded as a result of losing 
connectivities between nodes. Thus, by utilizing coding, we 
improve the throughput. As a whole, we diminish the 
adverse influences of user’s mobility on the performance.  

III.   Simulation Experiment 
 
A.   Mobility Pattern 
   Two factors are the building blocks of a typical mobility 
pattern: speed and direction. These components describe a 
trace of a mobile node in an area.  
   In [6], the authors proposed a mobility pattern called the 
Gauss-Markov model. In fact, it was first employed by 
Personal Communication System (PCS); nonetheless, this 
model can be used for the simulation of ad-hoc networks, 
too. In this section, we will study the model’s aspects 
described and reviewed in [6] and [7]. 
   The Gauss-Markov mobility model was designed to adapt 
to different levels of randomness via one tuning parameter 
[7]. Indeed, it iteratively updates the speed and direction of 
a mobile node. The relationship between the speed and 
direction at nth and (n-1)th steps of a mobile node can be 
calculated as follows.  
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where α is the so-called randomness tuning parameter in 
the interval [0,1]. At 0=α and 1=α , the model reduces to 
Brownian and linear motion, respectively. s and d are 
constants representing the mean value of speed and 

direction as ∞→n .
1−nxs and

1−nxd are random variables 

chosen from Normal distribution with mean 0 and variance 
1. Consequently, the location of mobile nodes at nth step can 
be obtained by (5). 
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According to this model, a mobile node begins to move in a 
pre-defined area, and if it approaches to the boundaries, it 
will turn the direction. For example, if the default value of 
d is set to 2/π  for a mobile node, and it comes near the 
north boundary, it should take the opposing course and 
resets d toπ . t∆  is time difference between (n-1)th and nth 
instances. As an example of this model, the movement of a 
typical node is depicted in figure 4. 
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Figure 4- Traveling pattern of a mobile node using Gauss-Markov Model 

   B.   Simulation Assumptions 
   We assume simplified path loss model in order to 
characterize the wireless channel. In fact, for general 
tradeoff analysis of various system designs, it is sometimes 
best to use a simple model that captures the essence of 
signal propagation without resorting to complicated path 
loss models, which are only approximations to the real 
channel anyway [8]. According to this model, the received 
power can be written as: 

, ( )αd
d

tr KPP 0=                                                                 (6)  

where Pt, K, d0, d and α were defined before. Channel 
settings are summarized in table 1. 

Table 1-Channel parameters 

Pt (Watt) K d0 (meter) α  
0.3 10-5 1 3.6 

   From (6), it can be seen that the received power is 
influenced by distance. Therefore, mobility will change 



nodes’ location and consequently the received signal 
strength. 
   Twelve nodes are assumed to be mobile in an area of 

150250× m2. For this purpose, we use the mobility 
algorithm described earlier. As shown in figure 5, whenever 
a mobile node, depicted as a solid circle, enters the near-
the-boundary region, shown in dotted lines, it turns to the 
opposite direction according to Gauss-Markov model. 

 
Figure 5- Plot of a mobile node entering the near-boundry region  

   The speed of each mobile node is initially 5 m/s (18 
km/hr), but it will be changed according to the mobility 
pattern. Furthermore, we assume that the channel condition 
will be remained unchanged during transmission of frames 
at each step which seems reasonable at such moderate 
velocities.  
   The system parameters for PBOA algorithm, m (mini-slot 
pairs) and p (probability of re-transmission), are equal to 12 
and 0.73, respectively. These parameters are chosen to 
maximize throughput and will be fixed during the 
simulation. Moreover, the duration of each mini-slot pair, 
as given in [2], is sec 80 µ . Hence, having a packet of length 
10 Kbit and data rate equals 1 Mbits/sec, the total duration 
of a frame will be sec 0.961 m .  
  Ultimately, three threshold SNRs obtained from 
modulation curves (figure 3) are set to dB
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approximately 10-5. In the simulation, one of these 
thresholds is selected at each new topology of the network 
based on link characteristic.  

C.   Simulation Result 
   The network model is shown in figure 6 at the first step of 
simulation and figure 7 represents the last step of the 
mobile nodes with lines as connectvities. Hereafter, we 
simulate the network in twelve steps of mobile nodes. 
   Throughput, shown in figure 8, is depicted in terms of the 
time that nodes spend at each step. The result demonstrates 
that in cases when network topology is such that the total 
distance is increasing, our method enhances the throughput 
by choosing the optimum SNR threshold different form 
10dB.  
 

 
Figure 6- The first position of nodes 

 
 

 
Figure 7- The last position of nodes 

   

0 1 2 3 4 5 6 7 8
0

0.2

0.4

0.6

0.8

1

1.2

1.4

Time (Seconds)

T
hr

ou
gh

pu
t 

(M
bp

s)

SNR = 10

Adaptive SNR

 
Figure 8- Throughput comparison of both methods as a function of time  

   We provide another evidence, figure 9, which shows the 
efficiency of the proposed method. At each step, one node 
enters the network. As expected, both methods, SNR = 
10dB and adaptive SNR, gain higher throughput if the 
number of nodes increases. However, the latter has higher 
throughput than the former. It is also noteworthy that the 
level of throughput in the adaptive SNR method alternates 
less than that of fixed SNR method.  
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Figure 9- Throughput Comparison of both methods as a function of 

number of nodes 

VI.   Conclusion and Future Works 

   We study the operation of PBOA in a mobile ad-hoc 
network since this protocol is so efficient in terms of power 
consumption and throughput. In order to reduce the effect 
of random topology caused by users’ mobility on system 
performance, we employ coding techniques. Indeed, we 
take a feedback from link quality, and change the SNR 
threshold, correspondingly. By the link adaptation, we keep 
the throughput high, while trying to have a system with the 
complexity when claimed. 
   By means of other physical layer modulations, we can 
assign multiple data rates corresponding to different SNR 
thresholds adapted to several link qualities. We refer 
interested readers to [9] and [10] in which this idea is used 
for IEEE 802.11b MAC protocol. This extension can be 
also applied in PBOA as a subject of future work. 
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