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ABSTRACT 

In wireless communication networks, a number of researchers 
planned to take apart a single shared channel into numerous sub-
channels: one as direct sub-channel and the others as data sub-
channels [1]. Aloha is feasibly the simplest and most-studied 
medium access control protocol in existence. Earlier study on 
OFDMA aloha has shown that the usage trend analysis very 
much depends on the performance of the multiple channel 
schemes. But this algorithm has some disadvantage: It may not 
develop the throughput performance of a MAC scheme [3], [4]. 
The first drawback does not only concern aloha, but all other 
algorithms. In this paper, we will analyse a scheme with ns2 to 
enhance the performance analysis of the medium access control 
(MAC) mechanism using IEEE 802.11 protocol.  IEEE 802.11 is 
a set of medium access control and physical layer (PHY) 
specification for implementing wireless local area network 
(WLAN) computer communication in the frequency bands. 
 

Keywords: NS2, MAC (Medium Access Channel), 802.11 
protocols, Wireless LAN, Multi-access Channel. 

1. INTRODUCTION 

A mobile ad hoc network (MANET) is a collection of 
wireless mobile nodes communicating with each other 
using multi-hop wireless links without any existing 
network infrastructure or centralized administration. In 
recent years, a variety of routing protocols targeted 
specifically at this environment have been developed and 
some performance simulations are made. However, the 
related works took the simulation model with a constant 
network size and a varying pause times or mobility 
velocities.  
In wireless communication network, Medium Access 
Control (MAC) schemes are used to manage the access of 
active nodes to a shared channel. As the throughput of the 
MAC schemes may extensively have an effect on the 

overall performance of a wireless network, carefully 
design of MAC schemes is necessary to ensure proper 
operation of a network. In order to reduce packet collisions 
and to improve throughput performance, a number of 
researchers proposed to partition the single shared channel 
into several sub-channels: one serve as a control sub-
channel and the rest serve as data sub-channels. In this 
arrangement, the control sub-channel is used to reserve the 
data sub-channels, over which the data packets will be 
transmitted [1]. Such reservation can be performed 
through the use of the RTS/CTS (Ready-To-Send/Clear-
To-Send) channel of communication [1], [7], [9]. Even 
though there are many multi-channel MAC schemes 
proposed in the technical prose, to the best of our 
understanding, systematic comparison of these multi-
channel MAC schemes with the corresponding single-
channel schemes is not available except in [11]. However, 
a performance study of the multi-channel MAC schemes 
could provide precious just approximately into the MAC 
design methodologies, MAC parameters’ setting, and how 
those affect performance such as the bandwidth efficiency 
of these schemes. Following the studies in [2], in this 
paper we will expand and study a novel scheme to enhance 
the performance analysis of the medium access control 
(MAC) mechanism with 802.11 standards.  In general 
terms, although in random multiple access the collision of 
packets results in low throughput and energy dissipation 
which makes it unacceptable for many applications, 
random access in an indispensable approach in wireless 
networks due to its ease of implementation and low 
overhead.  ALOHA is a commonly considered and 
deployed medium access control (MAC) protocol: almost 
all deployed cellular systems use ALOHA as a mean to 
request network access for mobile users. ALOHA is 
commonly used in the control channel of ad hoc wireless 
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networks [2]. Additionally, ALOHA is used as a multiple 
access protocol in local wireless communications. 

2. LITERATURE SURVEY 

This section provides some discussion about several 
MAC Algorithms available today.  

In “[1]”, They Proposed Delay Analysis of Maximum 
Weight Scheduling in Wireless Ad Hoc Networks. This 
paper studies delay properties of the well-known 
maximum weight scheduling algorithm in wireless ad hoc 
networks. They consider wireless networks with either one 
hop or multihop flows. Specifically, this paper shows that 
the delay for wireless ad hoc networks with single-hop 
traffic flows if the number of activated links in one typical 
schedule has the same order with the number of links in 
the network. Wireless scheduling has been known to be a 
key problem for throughput/capacity optimization in 
wireless networks. The well-known maximum weight 
scheduling algorithm has been proposed by Tassiulas in 
his seminal paper where he proved its throughput 
optimality. Latter developments in this area include 
extension of this maximum weight scheduling algorithm to 
wireless networks with rate/power control, network control 
when offered traffic is outside the capacity region, and 
other scheduling policies with lower complexity.    
In “[2]”, They Proposed A Transmit Power Adaptation for 
Multiuser OFDM Systems. In this paper, they develop a 
transmit power adaptation method that maximizes the total 
dada rate of multiuser orthogonal frequency division 
multiplexing systems in a downlink transmission. They 
generally formulate the data rate maximization problem by 
allowing that a subcarrier could be shared by multiple 
users. The transmit power adaptation scheme is derived by 
solving the maximization problem via two steps: 
subcarrier assignment for users and power allocation for 
subcarriers. 
In “[3]”, They Proposed Delay Analysis of OFDMA-
Aloha. Author provides Aloha and OFDMA-Aloha under 
the same total bandwidth and load conditions. They 
derived the precise sharing of the packet access delay of 
OFDMA-Aloha in the saturated case. Orthogonal 
Frequency Division Multiple Access (OFDMA) is the 
radio access technology used in new cellular systems such 
as 3GPP Long Term Evolution (LTE). In OFDMA 
systems, the total bandwidth is divided into many channels 
by clustering OFDM sub-carriers into sub-bands. Then, 
multiple users are allowed to access dissimilar sub-bands 
simultaneously. An example of this channelization is done 
in grouping 12 OFDM sub-carriers into a 180 kHz sub-
channel which gives about 100 sub-channels in a 20 MHz 
channel. This is in difference to IEEE 802.11a/g wireless 
LANs which are also based on OFDM, but only give 
access to the whole 20 MHz channel to one user at a time. 

Furthermore, switching between different sub-channels is 
instantaneous due to the nature of OFDMA. This 
immediate channelization plus the fact that all sub-
channels are orthogonal provide a new degree of freedom 
to the MAC layer. Typically in OFDMA-based cellular 
networks, the base station controls access to all sub-
channels within the cell and coordinates with adjacent 
cells in order to limit inter-cell interference. However, this 
centralized approach is not suitable for up-and-coming 
various networks where small cells like femtocells are 
expected to play an important role in offloading traffic and 
increasing the capacity of the network. Femtocells consist 
of a small access point designed to serve few users in a 
small internal area. Since they are deployed in ad-hoc 
locations by end users and appear/disappear frequently, 
federal frequency planning and organization becomes a 
demanding assignment. A femtocell serves a single user 
most of the time and a cluster of adjacent femtocells can 
be fundamentally consideration of as multiple users 
opposing for all available sub-channels in an OFDMA 
network. Random access protocols are “natural” choices in 
such scenarios and are expected to play important role in 
future dense femtocell deployments. 
In “[4]”, They Proposed Generalized CSMA/CA for 
OFDMA Systems: Protocol Design, Throughput Analysis, 
and Implementation Issues. In that work, author presented 
a multi-channel carrier sense multiple access with collision 
avoidance (CSMA/CA) protocol for orthogonal frequency 
division multiple access (OFDMA) Systems. The 
CSMA/CA system in conventional single-channel 
operation has the advantage of not requiring the signalling 
for bandwidth request and allocation over the scheduled 
access system but it sacrifices system efficiency 
significantly. They overcome the system efficiency 
limitation by exploiting the OFDMA system features that 
multiple stations can transmit all together on dissimilar 
sub-channels, and the stations can acquire the channel in 
order of all the sub-channels at each time instant. The 
OFDMA-based multi-channel CSMA/CA protocol is 
considered to enable the stations to contend with each 
other for channel access both in time and frequency 
domains through a two-dimensional backoff scheme. The 
protocol takes a comprehensive form of the predictable 
single-channel CSMA/CA protocol: It allows segmenting 
the channel bandwidth into multiple narrow-band random 
access channels and adjusting the transmission probability 
according to the multi-channel movement in a flexible 
manner. For throughput analysis, they develop a multi-
channel p-persistent CSMA protocol that can follow the 
multi-channel CSMA/CA protocol and then analyze its 
saturated throughput. The simulation and analysis results 
reveal that the proposed system performs far better than 
the single-channel CSMA/CA system while using the 
same total bandwidth and even close to the programmed 
access system. Further, they examine how inflexible time 
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synchronization is necessary among the constituent 
stations in implementing of the OFDMA-based multi-
channel CSMA/CA system.  
In “[5]”, They Proposed Modelling and Analysis of 
Generalized Slotted-Aloha MAC Protocols in Cooperative, 
Competitive and Adversarial Environments. In that Paper 
They evaluate the channel utilization and fairness of these 
types of protocols for a variety of node objectives, as well 
as maximizing comprehensive throughput of the channel, 
each node tightfistedly maximizing its individual 
throughput, and aggressor nodes that attempt to jam the 
channel. In that work, they consider a generalization of the 
slotted-Aloha protocol. Like slotted-Aloha, the judgment 
to transmit within a slot has a random component. 
However, intraditional slotted-Aloha, the user continues 
transmission in succeeding slots until a succeeding 
collision. In their comprehensive version, the user may 
come to an end transmitting with some fixed (non-zero) 
possibility. They representation a system of users 
implementing this generalized protocol with tunable 
parameters via Markov Models that allow to measure the 
rate at which nodes attempt to transmit packets (cost), and 
their rates of success (throughput). In parts, they require 
resources constraints that contain the nodes’ expenditure 
such that the fraction of slots within which a node attempts 
transmissions is restricted. In practice, these additional 
constraints may be due to energy constraints, or a 
bandwidth constraint placed on the network application. 
This generalized version of slotted-Aloha is worth 
studying for two reasons. First, it is derived from a 
protocol that is commonly used today. Second, they 
showed that the generalized versions can do better than the 
original version, both in terms of collective throughput, as 
well as the ability to cope with malicious users.  
In “[6]”, They Proposed MAC for Network with 
Multipacket Reception Capability and Spatially 
Distributed Nodes. They shown that in networks with 
spatially distributed nodes, reusing backoff mechanism 
originally designed for narrow-band systems (e.g., 
CSMA/CA) is inefficient. They showed that their 
alternative backoff mechanism can improved both overall 
throughput and fairness. 
In “[7]”, They Presented Can Multiple Subchannels 
Improve the Delay Performance of RTS/CTS-Based MAC 
Schemes. They analysed the delay performance of 
RTS/CTS-based multi-channel MAC schemes for wireless 
networks. These schemes typically make use of numerous 
data Subchannels for data transmission and one control 
sub-channel to send RTS/CTS discourse for channel 
reservation. Through theoretical analysis and simulations, 
they exposed that, in fully-associated networks, such 
multi-channel MAC schemes suffer longer delays than the 
corresponding single channel MAC scheme, which puts 
the RTS/CTS discourse on the same channel as data packet 
transmissions. That conclusion holds even when data 

packets have special priorities and superior priority traffic 
is sent further on of lower main concern traffic. In that 
work, they centre of attention on the delay performance of 
such MAC-mD schemes and their comparison to the 
MAC-1 scheme. In particular, they try to answer the 
following questions: how does the delay performance of 
multi-channel MAC schemes evaluate with that of the 
MAC-1 scheme? When data packets have different 
priorities, will the MAC-mD schemes outperform the 
MAC-1 scheme in delay performance of the high priority 
packets? The second question is interesting because, 
intuitively, it may be valuable to have multiple data 
Subchannels to provide prioritized traffic. 
In “[8]”, they proposed On the Performance of Distributed 
polling Service-based Medium Access Control. They 
studied the problem of improving the efficiency of MAC 
protocols. They first analyse the popular p-Persistent 
CSMA scheme and shown that it does not achieve 100% 
throughput. The main idea is to provide multiple data 
frames following a successful contention resolution, thus 
amortizing the high control in the clouds and making the 
protocols more efficient.  EDIUM access control (MAC) 
protocols play an important role in coordinating channel 
access among the terminals. Over the years, many MAC 
protocols have been proposed for wireless networks, such 
as ALOHA, Slotted ALOHA, carrier sense multiple access 
(CSMA) (with several versions), and CSMA with collision 
avoidance (CSMA/CA). The CSMA/CA-like IEEE 802.11 
MAC has become the most popular protocol for single or 
multi-hop wireless networks. However, the IEEE 802.11 
MAC has a extensive control overhead. In that paper, they 
studied the problem of improving the efficiency of 
wireless MAC protocols. For simplicity, they first consider 
a single-hop ad hoc network, where all nodes can hear and 
directly communicate with each other, and then discuss 
how to extend their work to multi-hop wireless networks. 
They examined the reservation-based p-Persistent CSMA 
scheme (called p-Persistent CSMA in that paper), which 
uses RTS/CTS for contention resolution and p-Persistent 
carrier sensing when sending RTS frames. That scheme 
differs from the standard IEEE 802.11 protocol only in the 
selection of the backoff interval. Instead of the binary 
exponential backoff used in the standard, a backoff 
interval sampled from an arithmetical sharing with 
limitation p is used. 
In “[9]”, They Proposed Analysing Split Channel Medium 
Access Control Schemes. In that work, they analysed and 
assess the highest possible throughput of split-channel 
MAC schemes that are based on the RTS/CTS 
conversation and that relay on pure ALOHA or on p-
persistent Carrier Sensing Multiple Access (CSMA) 
contention resolution techniques. In that work, they 
analysed the presentation of a generic split-channel MAC 
scheme, which is based on the RTS/CTS dialogue. Two 
contention resolution techniques for the control sub-



51 
 

 

International Journal of Computer Engineering and Information Technology (IJCEIT), Volume 3, Issue 1, August 2015  
G. Singhi et. al 
 

channel are studied: pure ALOHA and p-persistent Carrier 
Sensing Multiple Access (CSMA). For the pure ALOHA 
scheme, a ready node sends an RTS packet on the control 
sub-channel to reserve the use of the data sub-channel. 
When the RTS packet is received, the intended receiver 
replies with a CTS packet to acknowledge the successful 
reservation of the data sub-channel. For the p-persistent 
CSMA scheme, RTS transmissions are allowed only at the 
establishment of every time slot. A ready node decides, 
with probability p, to send its RTS request when it does 
not sense a carrier on the control sub-channel. A CTS 
respond will be transmitted at the beginning of the next 
slot by the proposed receiver, when the RTS packet is 
received successfully.  
In “[10]”, They Proposed WIMAX stands for Worldwide 
Interoperability for Microwave Access. In this paper, 
Performance evaluation of WiMAX and LTE is done on 
network simulation NS version 2.34. Both are subjected to 
real life scenarios to see how different factors viz. 
Distance, number of subscriber stations, different 
modulation schemes and packet size affect the 
performances of WiMax and LTE. Wimax defines two 
system profile called fixed and mobile system profiles, 
respectively. Both include mandatory and optional PHY 
and MAC layer features that are required from all 
corresponding WiMAX-certified products. An end-to-end 
architecture specification was deemed necessary in order 
to enable fast growth in manufactured quantities, market 
share, and interoperability.  
 In “[11]”, They Proposed Fast Multiple Access Selection 
Through Variable Power Transmissions. In that paper, 
they introduced an awfully fast contention-based multiple 
access algorithm that selects the best node and requires 
only local information of the priorities of the nodes. Many 
wireless applications demand a fast method to detect the 
packet from a node with the peak main concern (“best 
node”) only, while packets from nodes with inferior 
priority are irrelevant. In that paper, they commence an 
exceptionally fast contention-based multiple access 
algorithm that selects the best node and requires only local 
information of the priorities of the nodes. The algorithm, 
which they call inconsistent Power Multiple Access 
Selection (VP-MAS), uses the local channel state 
information from the accessing nodes to the receiver, and 
maps the priorities onto the receive power. It is based on a 
key result that exposed that mapping onto a set of 
disconnected receive power levels is optimal, when the 
power levels are chosen to make use of packet capture that 
essentially occurs in a wireless physical layer. The VP-
MAS algorithm adjusts the expected number of users that 
contend in each step and their respective transmission 
powers, depending on whether previous transmission 
attempts resulted in capture, idle channel, or collision. 
They also showed how reliable information regarding the 

total received power at the receiver can be used to improve 
the algorithm by enhancing the response mechanism.  

3. PROBLEM DESCRIPTION IN MAC SUB 
LAYER ALGORITHM 

The 802.11 MAC sub layer protocol is quite different from 
that of Ethernet due to the inherent complexity of the 
wireless environment compared to that of a wired system. 
With Ethernet, a station just waits until are ether goes 
silent and starts transmitting. If it does not receive a noise 
burst back within the first 64 bytes, the frame has almost 
assuredly been delivered correctly. With wireless, this 
situation does not hold. In the seventies, the ALOHA 
system was proposed by Norman Abramson as an 
effective solution to provide for wireless access to 
computer systems. The ALOHA-net at the University of 
Hawaii employed fixed transmitters at islands located at 
ranges of several tens of kilometers. The main advantage 
of the ALOHA random access scheme was simplicity. 
Terminals can transmit their data regardless of the activity 
of other terminals. If a message is successful the base 
station sends an acknowledgement over a feedback 
channel. If the terminal does not receive an 
acknowledgement, the terminal retransmits the message 
after waiting a random time. The delay is mainly 
determined by the probability that a packet is not received 
(because of interference from another transmission, called 
a "collision") and the average value of the random waiting 
time before a retransmission is made.  
The original version of ALOHA used two distinct 
frequencies in a hub/star configuration, with the hub 
machine broadcasting packets to everyone on the 
"outbound" channel, and the various client machines 
sending data packets to the hub on the "inbound" channel. 
If data was received correctly at the hub, a short 
acknowledgment packet was sent to the client; if an 
acknowledgment was not received by a client machine 
after a short wait time, it would automatically retransmit 
the data packet after waiting a randomly selected time 
interval. This acknowledgment mechanism was used to 
detect and correct for "collisions" created when two client 
machines both attempted to send a packet at the same time. 
ALOHA primary importance was its use of a shared 
medium for client transmissions. Unlike the ARPANET 
where each node could only talk directly to a node at the 
other end of a wire or satellite circuit, in ALOHA all client 
nodes communicated with the hub on the same frequency. 
This meant that some sort of mechanism was needed to 
control who could talk at what time. 
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3.1 Collision Resolution 

Presently studies exposed that, for an infinite population of 
users and under certain channel conditions, the ALOHA 
system is unstable. Packets lost in a collision are 
retransmitted, but the retransmission again experiences a 
collision. This may set off an avalanche of retransmission 
attempts. Almost surely, the "backlog", i.e., the number of 
previously unsuccessful packets that need to be 
retransmitted, grows beyond any finite bound. One method 
to mitigate instability is to dynamically adapt the random 
waiting times of all terminals if the base station notices 
that many collisions occur. Examples of methods to ensure 
stability are Dynamic Frame Length (DFL) ALOHA, by 
Frits Schoute, or the Stack Algorithm by Boris Tsybakov 
et al. DFL uses a centralized control, mastered by the base 
station, while the stack algorithm is a decentralized 
method. Although in random multiple access the collision 
of packets results in stumpy throughput and energy excess 
which makes it offensive for many applications, random 
access in an indispensable approach in wireless networks 
due to its effortlessness of implementation and low 
overhead.  ALOHA is a widely studied and deployed 
medium access control (MAC) protocol: almost all 
deployed cellular systems use ALOHA (or one of its 
variants) as a mean to request network access for mobile 
users; ALOHA is commonly used in the control channel of 
ad hoc wireless networks [7]. Furthermore, ALOHA is 
used as a multiple access protocol in local wireless 
communications [6].   
The ALOHA concept is very commonly used in modern 
wireless communication systems. The call set-up 
procedure of almost any (analog or digital) cellular 
telephone system uses some kind of ALOHA random 
access. But the performance differs from what one would 
expect in a wire line network. 
In a radio channel, packets may be lost because of signal 
fading even if no contending other signal is present. On the 
other hand, packets may be received successfully despite 
interference from competing terminals. This is called 
`receiver capture'. This effect has a significant influence 
on the throughput. Optimum frequency reuses for ALOHA 
Random Access a network differs from frequency reuse 
for telephony, because the performance criteria differ 
(throughput / delay versus outage probability, 
respectively). The best reuse pattern for an ALOHA 
system is to use the same frequency in all cells. 

 

 

4. CONCLUSION AND FUTURE WORK 

Delay in ad hoc networks using ns2 will be focus of 
considerable research. However delay of networks based 
on random access MAC, like IEEE 802.11, has not been 
substantially studied. In this paper we will present delay 
analysis of random access channel in wireless ad hoc 
network using ns2 simulation.    
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