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Abstract- In this review paper we have investigated and presented 
the review on various CSMA-CA methodologies also studied the 
different researcher’s work about CSMA-CA in order to enhance 
the system performance, the rapid evolution of CSMA brings 
unprecedented challenges, especially the coexistence of different 
network architectures and communications devices. In the 
meantime, many intrinsic limitations of CSMA have been the 
main obstacle to the performance of its derivatives, such as WiFi 
System, ZigBee, and mesh networks. Most of these problems are 
observed to root in the abstract interface of the CSMA MAC and 
PHY layers The MAC simply abstracts the advancement of PHY 
technologies as a change of data rate. The throughput modelling 
and fairness provisioning in CSMA/CA based ad-hoc networks. 
The fairness issues in CSMA/CA networks are discussed based on 
the throughput model. The origin of unfairness is studied and the 
trade-off between throughput and fairness is illustrated. The 
throughput approximations based on local topology information 
are proposed and their performances are investigated.  
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I. INTRODUCTION 

As a broadcasting channel is shared by all the nodes in a 
wireless network and it is a limited resource, MAC (Medium 
Access Control) algorithms are essential to reduce collisions 
and ensure high system throughput. Apart from reducing 
bandwidth loss due to collisions, the MAC strategy should 
also ensure that the available bandwidth is shared by the 
competing nodes in some fair manner. Various distributed 
MAC protocols have been proposed in the literature to 
enhance system performance in the wireless environment. 
Among them is the CSMA/CA (Carrier Sense Multiple 
Access with Collision Avoidance) protocol, which is the 
basis for DCF (distributed coordination function) adopted in 
802.11 MAC specifications [1] and hence has special 
importance. The throughput performance analysis has been 
investigated and fairness provisioning issues in CSMA/CA 
networks. Although these two topics have been considered 
before (see [4], [5], [6], [9] and the references therein), these 
works suffer from several limitations. In [5], Bianchi 
proposed a simple model that accounts for all the exponential 
backoff protocol details and allows computation of saturation 
throughput of IEEE 802.11 DCF [1]. Although simulations 

in [5] demonstrated high accuracy, the model did not 
consider the network topology and could not characterize the 
collisions that result from the other active nodes in the 
neighborhood of the transmitter. In [6], [7], [8], and [9], the 
researchers focused on the fairness issues in wireless 
networks. However, the strategies proposed in these works 
are heuristic approaches, and a formal analysis of the fairness 
properties of the approaches is lacking. 

Our work on CSMA/CA network throughput modelling uses 
the techniques similar to those used by Boorstyn et al. in [2]; 
however it differs significantly from the latter. Firstly,  the 
authors in [2] have only analyzed throughput performance of 
a pure CSMA network which is not directly applicable to 
most MAC protocols of today. The throughput of the 
CSMA/CA network using the same line of analysis, but the 
RTS/CTS exchange in the CSMA/CA network and our work 
is readily extended to the throughput analysis of the IEEE 
802.11 DCF. Secondly, the authors in [2] do not address any 
fairness issues. In contrast, discuss fairness issues in 
CSMA/CA networks in detail, and present distributed 
algorithms, based on local topology information, that achieve 
fairness amongst the links in the CSMA/CA network. 

A prominent feature of the wireless network is that its 
feasible rate region depends on the protocol, therefore the 
fairness problem needs to be considered in the context of a 
particular protocol. Throughput modelling and fairness issues 
in the CSMA/CA based ad hoc networks. A throughput 
model for the CSMA/CA network with general topology, and 
investigate the performance of the model with simulations. 
Based on the model, the unfairness originates from the 
.hidden node problem and the trade-off between throughput 
and fairness. Although our throughput model needs topology 
information of the entire network, it has been show how the 
throughput can be approximated with only local topology 
information. The performance of the approximation is 
analyzed and investigated with simulations.  

II. CSMA/CA NETWORKS 

The goal of the CSMA/CA protocol is to maximize 
throughput by reducing the collisions due to the contending 

 
www.ijspr.com                                                                                                                                                                                    IJSPR | 12 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH (IJSPR)                                              ISSN: 2349 - 4689 
Volume-06, Number -01, 2014 
 
nodes that share the same channel. Both physical channel 
sensing and virtual channel sensing are used to attain this 
goal. Like CSMA, a node in the CSMA/CA network senses 
the channel before it transmits a frame. If the channel is idle, 
the node transmits its frame. Otherwise, it defers the 
transmission till the end of the ongoing transmission.  The 
timer has the granularity of a slot time and is decremented by 
one every time the channel is sensed to be idle. The backoff 
timer is stopped in case the channel becomes busy and the 
decrementing process is resumed when the channel becomes 
idle again. The node is allowed to transmit its frame when 
the backoff timer reaches zero. Each successful transmission 
is positively acknowledged so that transport layer 
retransmission is avoided. 

Due to a particular feature of wireless networks known as the 
hidden node. The physical channel sensing method alone 
cannot avoid collisions. Two nodes that are not within 
hearing distance of each other may still lead to collisions at a 
third node which receives the transmission from both 
sources. The problem is illustrated in Fig. 1 when both and 
transmit to B. To take care of this problem, CSMA/CA uses 
the Request to Send (RTS) and Clear to Send (CTS) control 
frames to reserve the channel. A node with a frame to 
transmit sends an RTS frame to the receiver and the receiver 
responds with a CTS frame if it is currently not busy. This 
RTS/CTS exchange, which also contains timing information 
about the length of the ensuing transmission, known as NAV 
(Network Allocation Vector), is detected by all the nodes 
within hearing range of either the sender or the receiver or 
both. These nodes defer their transmissions till the ongoing 
transmission is complete.  

 

Fig. 1. Hidden node problem occurs when both A and D transmit to 
B. 

I. NETWORK ARCHITECTURE AND MAC 
PROTOCOL FOR CSMA/CA 

Fig. 2 shows the network architecture for the CSMA/CA 
scheme. Clearly it is of the ad-hoc type, with connections 
established directly between stations (i.e. on a peer-to-peer 
basis). 

 
Fig. 2. CSMA/CA network architecture. 

In practice, the protocol uses only one frequency, and single-
spreading code is utilized by all stations for transmission 
from one node to the other. Thus, only one station can 
successfully transmit in the network at any time. The 
operation of the CSMA/CA MAC protocol can be described 
in terms of the state transition diagram shown in Fig. 3. 

Initially, each station is in the idle state. When a new 
message1 arrives, it is stored in a transmit buffer and the 
station moves to a non-backoff carrier sensing state. 
Depending on whether the channel is busy or not busy, the 
station moves either to a backoff state or a transmit state, 
correspondingly. 

When in the backoff state, a random time – uniformly chosen 
from a progressively increasing interval – is used for backoff. 
So long as the station is in the backoff state, it continues to 
sense the channel and decrements the backoff time only 
when the channel is free. When the backoff time decreases to 
zero, the station moves from the backoff state to the non-
backoff state. On the other hand, when a station is in the 
transmit state two possibilities exist: either transmission is 
done successfully (as indicated by the reception of an ACK 
signal), or transmission is not successful due to collision with 
transmissions from other station(s) (as indicated by the 
absence of ACK or the reception of NAK). In the first case, 
the station moves to the ACK state while in the second case 
the station moves to the collision state.When in the collision 
state, the backoff interval is increased, a new backoff time is 
selected, and the station moves to the backoff state. On the 
other hand, a station in the ACK state, may either returns to 
the non-back-off carrier sensing state (if more units of the 
original message are to be transmitted), or else returns to the 
idle state (in case the message transmission is completed). 

The above algorithm for the CSMA/CA can be readily 
represented in the form of a flowchart as shown in Fig. 4. In 
this figure, NAV is the Network Allocation Value and 
denotes the width of the interval from which a uniformly 
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distributed backoff period (BOF) is selected. In case of 
collision, NAV is increased using binary exponential 
backoff, where CWmin is the minimum backoff window, 

which is the size of NAV when (i= 0). In practice this 
increase is stopped when “i” reaches an upper value.

 

Fig. 3. State transition diagram for CSMA/CA

 
Fig. 4. Flow chart of CSMA/CA MAC procedure 

II.  LITERATURE REVIEW 

Ghosh, C., Safavi-Naeini, H.A.and Roy presented a modified 
carrier sense multiple access-collision avoidance (CSMA-
CA) mechanism, termed as quiet period-CSMA-CA (QP-
CSMA-CA). for the purposes of coexistence in a cognitive 
networking set-up with secondary clients that seek access 
using 802.11. The proposed QP-CSMA-CA protocol was 
implemented on the universal software radio peripheral 
(USRP)-based software defined radio platform and 
configured in a small network for measuring throughput and 
latency. Results show the efficacy of the proposed algorithm 
over the dedicated sensing-based mechanism when compared 
in terms of system throughput and medium access latency 
[1]. 

Vu Van Huynh & Yeong Min Jang proposed a mechanism to 
support priority MAC for differentiated service applications 
based on multi-parameters in IEEE 802.15.7 visible light 
communication (VLC). Multi-parameters mechanism uses 
four parameters, such as number of backoff times (NB), 
backoff exponent (BE), contention window (CW), and 
number of retransmission times (RT) to support the 
differentiated service applications. Authors consider beacon-
enabled VLC personal area network (VPAN) mode with 
slotted version for random access algorithm in this paper. 
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Based on a discrete-time Markov chain, they analyzed the 
performance of proposed mechanism under non-saturation 
environments. The consequence of the proposed mechanism 
on the delay and reliability is explored [2]. 

Madan, R., Sampath, A. and Khude, N. investigated the 
distributed coordination function (DCF) for 802.11 medium 
access control (MAC) leads to poor spatial spectral reuse and 
results in low user throughput in dense user settings. Authors 
consider simple modifications to the carrier sense mechanism 
that substantially improve the bits/sec/Hz/area, with no rising 
transceiver complexity. For 802.11g and 802.11ac, they 
augment the CTS with channel gain information and modify 
the virtual and physical carrier sense for the duration of NAV 
in the CTS. These methods enable the application of signal to 
interference and noise (SINR) based scheduling algorithms 
to WiFi networks resulting in tremendous increase in 
throughput and QoS/fairness [3]. 

Moltchanov, D.; Koucheryavy, Y. proposed a mobile stations 
operating according to CSMA/CA with binary exponential 
back-off (BEB) is discussed. Researchers concentrate on 
delay and loss performance metrics experienced by 
individual stations. For obtaining delay distribution of an 
arbitrary packet they use queuing system representing the 
number of stations having a frame for transmission. The 
system has both arrival and service process depend on the 
number of active station. Delay distribution is obtained as a 
weighted sum of delay distributions in each state of the 
system. The individual performance metrics are obtained by 
formulating and solving a separate queuing system [4]. 

Thapa, A.; Pudasaini, S. and Moonsoo Kang have carried out 
a systematic distributed WLANs with MIMO, subtle 
modifications in dominant MAC protocol CSMA/CA can 
give rise to a simple, till now practicable, MIMO aware 
MAC. When employing the MAC for single user spatial 
multiplexing, throughput is increased with linear change with 
the antenna elements in use; leaving the delay constant. In 
this research, based on the analytical modeling and derived 
expressions, researchers present the performance analysis of 
CSMA/CA adapted multi-user transmission supporting 
MIMO aware MAC in terms of average throughput and 
delay [5].    

Jian Ni; Srikant, R. discovered CSMA-type algorithms which 
can achieve the maximum possible throughput in wireless ad 
hoc networks. Central to these outcomes is a distributed 
randomized algorithm which selects schedules according to a 
product-form distribution. The product-form distribution has 

been achieved by considering a continuous-time Markov 
model of an idealized CSMA protocol (continuous backoff 
times, nil propagation/sensing delay, no hidden terminals) 
under which collisions cannot occur [6]. 

III. CONCLUSION AND FUTURE SCOPE 

Our review work provide the brief information about CSMA-
CA in order to improve the system performance of 
Conventional CSMA-based wireless networks adopt weakly 
coupled MAC and PHY layers. Although the PHY-layer 
technologies are constantly evolving and becoming more 
heterogeneous, the MAC layer simply abstracts such 
evolution as a change of data rate. Based on the above study 
and the associated comments CSMA/CA is a protocol 
suitable for low number of stations and low arrival rates (i.e. 
low offered traffic) which is expected for a contentions-based 
access scheme.  The protocol has a large delay value that 
makes it unsuitable for time-bounded applications. This is 
why it is accompanied by another controlled access scheme 
in the IEEE 802.11 standards. The value of the number of 
retrials in the back-off scheme affects the protocol 
performance remarkably till a value of about 16 retrials. Such 
value gives performance comparable to the case of infinite 
number of trials.  
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