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Abstract  

IEEE 802.11 wireless LAN (WLAN) is  one of the most widely standard  all over the 

world. The efficient of ad-hoc networks in IEEE 802.11 standard depend on the reliability 

and performance of MAC protocol applied in these networks. The IEEE 802.11 Distributed 

Coordination Function (DCF) is an important MAC function to access the medium, which 

based on CSMA/CA with virtual carrier sensing and RTS/CTS handshaking. CTS_ induced 

problem is one of the problems facing DCF. Because when the CTS packet is not correctly 

received by the addressed node but received by the neigh boring nodes, they inhibit 

themselves from transmitting  and causes underutilization of channel. 

As soon as the number  of  wireless  LANs  users increases ,lots of studies and researches 

tried to  enhance the performance of  802.11 MAC protocol by modifying and  proposing 

new mechanisms in 802.11 DCF method to offer better performance as compared to original 

DCF. This paper focused on modifying 802.11 DCF mechanism in such a way that maximize 

the bandwidth efficiency and the throughput, in addition to maintaining the level of control 

overhead in the network. Another method called RINC is considered for performance 

comparison. The simulation results show that the proposed modification outperforms 

standard DCF and RING method in terms of throughput and overhead and consequently 

improve the 802.11 MAC protocol. 
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1. Introduction 

IEEE802.11 standard work in the physical layer and the medium access control layer 

(MAC) in open system interconnected (OSI) model [7].802.11 defines two MAC techniques 

to access the medium: The Distributed Coordination Function (DCF) which is the 

fundamental access mechanism in IEEE 802.11MAC and the Point Coordination Function 

(PCF) which is used optionally.  The distributed coordination Function (DCF) is the basic 

medium access in ad-hoc networks.  

DCF employs two techniques for packet transmission: the basic access method and the RTS-

CTS access method [9]. The RTS-CTS method involves the transmission of request-to-send 

(RTS) and clear-to-send (CTS) control packets before data packet transmission in order to 

minimizes the probability of collisions and  to improve performance in the presence of hidden 

stations. 

DCF provide a virtual carrier sense mechanism by the network allocation vector (NAV) to 

reserve the wireless channel for a fixed time period (Figure 1). NAV is defined as the number 

of microseconds the sending station intend to wait when the medium is busy. Nodes set its 

NAV timer based on the value in duration field of the control frames. All the neigh boring 

nodes overhearing either RTS or CTS frames set their NAV respectively, and defer the 

channel access for the expected time to finish the packet sequence transmission [2]. When the 

NAV timer is nonzero, the virtual carrier sensing function indicates that the medium is busy ; 

when the NAV reaches zero, the virtual carrier sensing function indicates that the medium is 

idle. 

By using NAV ,nodes can ensure that the transmissions are not interrupted even if a neigh 

boring node only hear one side of RTS-CTS exchange because it know how long the medium 

will be busy. 

IEEE 802.11 use some interval spaces, named inter-frame spacing (IFS) between two 

successive transmissions[5] to create different priority levels for different types of traffic. The 

Short Inter-frame Spaces (SIFS) is the shortest interval space and it used for the highest 

priority transmissions such as RTS-CTS and positive acknowledgments. The medium should 

be sensed idle for a minimum time period of at least SIFS before any transmission can be 

done. 

The DCF Inter-frame Space(DIFS) is longer than SIFS and it  used as minimum delay for 

asynchronous frames contending for access. Nodes may have immediate access to the 

medium if it has been free for a period longer than DIFS. 
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Figure 1 

RTS-CTS method in 802.11 DCF 

DCF also use binary exponential back-off (BEB) algorithm. At each transmission (including 

the first attempt as well), the back-off time is randomly chosen in the range (0, CW - 1), 

where CW is the contention window. At the first transmission attempt, CW is set to a 

minimum back-off window (CWmin). After each unsuccessful transmission, CW is doubled 

starting from CWmin , until a maximum value (CWmax) is reached [6]. 

An important goal of any research of 802.11 MAC protocol is to improve bandwidth 

efficiency by increasing the throughput as well decreasing the control overhead. Bandwidth 

efficiency can be defined as the ratio of bandwidth used for actual data transmission to the 

total available bandwidth[1]. 

 

2. Limitations of the DCF protocol 

2.1.  Degradation DCF under high traffic loads 

Several researches has been analyzed the performance of 802.11DCF. These 

researches have showed that although DCF has gaining the high popularity as a channel 

access mechanism in WLANs, it has several limitations. 

 One of the limitation of DCF mechanism is low channel utilization under high loads. If the 

number of active users increases,the bandwidth, throughput ,average packet delay and packet 

drop ratio of the 802.11 degrade significantly. 

Overhead is also one of the fundamental problems of MAC inefficiency, and it includes 

headers, inter-frame spaces (DIFS and SIFS), back-off time, and acknowledgments [8]. 
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Another limitation of the DCF mechanism is low fairness in sharing a channel bandwidth 

resulting from increasing the number of active stations on the network[4]. 

Moreover, RTS-induced problem and CTS-induced problem which cause the channel waste 

resulted from unnecessary NAV setting[2].  

 

2.2.  CTS-Induced problem 

In this paper we focused on minimized the possibility of CTS-induced problem. This 

problem happen when CTS packet is not successfully received by the sender node. The 

neighboring nodes that receive this CTS packet which not addressed to it, update their NAV 

duration to the expected transmission time of the packet to avoid collision as shown in Figure 

2. Although the availability of the channel, These nodes deferrer and block themselves from 

transmitting for a period equal to the setting in  NAV. This problem lead to low throughput 

resulting from low channel utilization. 

 

 
 
 
 
 
2.3. Related Work  

To eliminate CTS induced NAV problem, [2] proposed a method known as Receiver 

Initiated NAV Clearing(RINC),where the receiver broadcast an initiated CLR packet when 

the channel is detecting to be idle for a predefined  time period equal to Tthr_CTS after 

replaying CTS as shown in Figure 3(a).                                                         

Figure 2 

 CTS-induced problem 
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Figure 3(b) show that all the neighboring nodes which receive this clearing packet clear their 

NAV automatically. So, they can access the channel without deferring their transmission. 

RINC method achieved better performance in terms of network throughput and average 

delay, but this method causes increase network overhead because it use an additional packet  

CLR.  

In our proposed method we focused on improve system performance by increasing the 

network throughput taking into account not raise the transmission overheads. 

 
 
(a) at the destination 

 
Figure 3 MAC operation in RINC method 

3. The proposed CTS-Timer method: 

In this paper, a new method is proposed that attempts to improve the performance of 

IEEE 802.11 MAC, simultaneously maintaining the level of control overhead in the network. 

In our proposed method we minimized the possibility of CTS-induced problem by defining a 

simple timer, called CTS-Timer. CTS-Timer is used by the non-destination nodes, i.e. which 

receive a CTS packet not addressed to it. Unlike RINC method which depend on the 

destination node to solve the problem. 

Let A is a source node wants to transmit data to destination node B as shown in the Figure 

4,B and C are  at the point of time, in neighborhood of each other. 

(b)at nodes surrounding the destination
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In the CTS-Timer method ,upon reception of the CTS  packet, the non-destination nodes such 

node C run the CTS-timer for duration equal to (SIFS_Time+DATA_Time).During this 

period  node B is expected to receive the DATA  packet from node A. If  the source node A 

transmit the DATA packet during that duration ,the non-destination nodes  continue the 

deferral .Otherwise, if  the source node A  doesn’t transmit any DATA packet, due toun 

successful CTS reception, then the non-destination node C  resets its NAV duration and 

reattempts the channel access without deferring for the whole duration of transmission. This 

method guarantees the absence of CTS-induced problem. Figure 5 illustrates the definition 

for CTS-Timer method  in the non-destination nodes in simplified way. 

 
Figure 4   Proposed CTS-Timer method 
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Figure 5   MAC operation at non-destenation node in propsed CTS-timer 

 

4. Simulation 

4.1. Simulation Model 

The wireless LAN model of the Network Simulator NS-2 [3]was used for the 

performance comparison of the RINC ,original  DCF and proposed CTS-Timer method. We 

have used an Ad hoc wireless network consisting of20 nodes in the simulations. We obtained 

the performance comparison on terms of throughput, packet delivery ratio and Average 

Control Overhead. Table 1 shows the simulation parameters. 

Throughput is defined as the quantity of data per unit of time and it is calculated in kilobits 

per second (Kbps) .  

The packet Delivery Ratio is defined as the ratio of number of data packets delivered to all 

receivers to the number of data packets supposed to be delivered to the receivers.  It 

represents the routing effectiveness of MAC protocol because the better the delivery ration, 
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the more complete and correct in MAC protocol. The Average Control Overhead is defined 

as the ratio between the total number of transmitted control packets to the successfully 

transmitted data packets. To evaluate the performance of the proposed protocol, several 

simulations are performed. 

 
Table 1     Simulation Parameters 

Parameter Value 

Simulator NS-2 

Simulation Time 200sec 

Simulation Area 1000 × 1000 

Number Of Nodes  20 

Speeds Of Nodes 10-100 m/sec 

Node Mobility Random 

Data Packet Size 512 byte 

Radio Transmission Range 250 

Data Rate 1 Mbps 

Traffic  CBR 

Routing Protocol AODV 

 
4.2. Result Analysis 

We compare the performance of the proposed CTS-Timer method against original DCF 

method and RINC method. The performance of these methods is evaluated in terms of 

throughput, packet delivery ratio and average control overhead.  
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Table 2 Throughput values of CTS-Timer  method, original DCF and RINC 

 

Table 3 Packet Delivery Ratios of CTS-Timer  method, original DCF and RINC 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Throughput (Kbps) 

 
199.71 

sec 
 

 
175.37 

sec 

 
150.39 

sec 

 
134.17 

sec 

 
100.26

sec 

 
86.30
sec 

 
63.8
sec 

 
43.27
sec 

 
31.57
sec 

 

 
14.13 
sec 

 
Simulation 
Time 
 
      DCF Method 

5.67 5.59 5.40 4.64 3.47 3.03 3 2.23 2.01 0.31 Proposed Method 

5.29 5.17 4.86 3.91 2.92 2.54 2.52 2.01 2.28 0.31 Original DCF 

5.26 5.24 5.07 4.13 2.79 2.69 2.52 2.01 2.28 0.31 RINC 

Packet Delivery Ratio 

 

199.7 

sec 

 

175.0 

sec 

 

150.4 

sec 

 

125.61 

sec 

 

100.17 

sec 

 

75.8 

sec 

 

60.42 

sec 

 

40.50 

sec 

 

30.0 

sec 

 

14.16 

sec 

Simulation 
Time 
 

DCF Method 
49.54 52.08 55.49 47.38 44.62 46.49 53.33 55.26 

 

52 11.11 Proposed Method 

46.88 

 

48.88 51.30 44.23 39.54 42.85 52.11 51.35 59.25 11.11 Original DCF 

46.69 49.33 52.12 44.36 36.81 43.63 52.11 51.35 59.25 11.11 RINC  
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Table 4 Average Control overhead  Ratios of  CTS-Timer  method, original DCF and 
RINC 

Average Control Overhead 

 

200.0 

sec 

 

175.0 

sec 

 

150.0 

sec 

 

125.0 

sec 

 

100.26 

sec 

 

75.34

sec 

 

63.03

sec 

 

25.12 

sec 

 

14.13

sec 

Simulation 
Time 
   DCF Method 

16.5 17.99 19.73 24.41 29.74 31.18 26.91 32.18 38.2 Proposed Method 

17.6 19.2 21.27 26.88 35.56 38.73 34.35 36.46 73.0 Original DCF 

18.01 19.52 21.78 28.46 39.08 38.30 34.43 36.53 74.0 RINC 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Throughput comparison of CTS-Timer  method and original DCF 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Throughput comparison of CTS-Timer method, original DCF and RINC method 
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Figure 8 Packet Delivery Ratio: comparison between CTS-Timer method, RINC and original 
DCF 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 Average Control Overhead: comparison between CTS-Timer method, RINC and 
original DCF 

 
We plot throughput vs. time in Figure6.It is observed from the figure and the Table2 

that the throughput increases with increase the time and it is enhanced in the proposed 

method. This is due to the fact that in the proposed method, the neigh boring nodes  are 

allowed to access the channel and transmit  in case the failure of  receive CTS packet by 

the addressed node, and consequently increase the channel utilization.  

The proposed method also has better throughput than RINC method as shown in  Figure 7 

and Table 3. 
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Figure8show the plot for packet delivery ratio vs. time. It is observed from the figure and 

the Table 3 that the proposed method also has better packet delivery ratio as compared to 

the original DCF and RINC method.  

In Figure 9. We plot the graph for average control overhead vs. time. The control 

overhead in the proposed method decreases with increase the time and goes under 20. The 

control overhead in CTS- method as shown in the Table 4 is lower than the original DCF 

and RINC method. This is the expected result because the proposed method  doesn’t use 

an additional control packet  unlike RINC method that require an additional clear packet  

to clear NAV.l 

 

6. Conclusion 

The RTS/CTS mechanism allow to increase the system performance by reducing the 

collision in WLANs. All the neighboring nodes which overhearing either RTS or CTS set 

their NAV and inhibit themselves from transmitting. The problems arise when the RTS or 

CTS packet is not correctly received by the addressed node but received by the neighboring 

nodes, which causes underutilization of channel bandwidth due to NAV setting. These are 

termed as RTS-induced and CTS-induced problem which minimize the network throughput. 

In this paper we focused on CTS-induced problem and proposed a new method, called CTS-

Timer method to enhance the performance of IEEE 802.11 DCF.CTS-Timer method is a non-

complicated solution to reduce CTS-induced problem .We define a simple timer for the 

neighboring nodes which receive a CTS packet not addressed to it. These nodes when receive 

this CTS packet adjust its timer for a short time period .When the timer expires and the 

expected data transmission doesn’t begin, they try to access the channel and they clear their 

NAV. The performance of CTS-Timer method was compared with RINC and original DCF 

method using network simulator NS-2.The simulation results show that our proposed method 

outperforms RINC and original DCF in terms of throughput, packet delivery ratio and 

average control overhead. 

The low overhead of CTS-Timer method lead to reduce the congestion in the network 

and thus increase the packet delivery ratio and consequently increase the throughput and 

reliability of the network. 
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