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ABSTRACT 
 

This paper deals with the performance analysis of WLAN under variable number of nodes using the 
adjustable parameters such as TXOPLimit, CWmin, CWmax and AIFS in EDCA. The comparative analysis 
is done by varying the number of nodes and the adjustable Access Category (AC) parameters in the EDCA 
access mechanism. The throughput and delay parameters of the QoS are measured. The simulation is done 
using the Network Simulator NS-2.28 tool in RedHat Linux environment. The simulation results obtained 
gave a better performance improvement using the adjustable altered parameters in EDCA access method than 
the existing methods. The high TXOP Limit gave a better performance increase than the other parameters. 

Keywords: DCF, EDCA, TXOP Limit, QoS, Access Category 
 
1. INTRODUCTION  
 

Wireless Local Area Networks (WLANs) [8] are 
expanded tremendously for the support of 
Multimedia applications. For the transmission of 
multimedia applications the QoS parameters like 
increase in throughput and minimum access delay 
are the important parameters. The WLANs are 
specified by IEEE 802.11 standard. The 802.11 
standard deployed many standards such as 802.11a, 
802.11b, 802.11e, 802.11g etc. Among all the 
standards the 802.11e [8] is the standard which 
directly supports QoS in the wireless networks 
using MAC protocols. The IEEE 802.11e standard 
defines the protocols to enable multimedia 
applications, traffic prioritization, high speed 
bursting of data. The IEEE 802.11 MAC protocols 
use the Distributed Coordination Function (DCF), 
causes overhead which degrades the throughput. 

To improve this issue Transmission opportunity 
mechanism in EDCA [10] is used. It is a scheme in 
IEEE 802.11e standard. TXOP is, after a station 
gains the channel multiple consecutive frames can 
be transmitted within the burst. The station can 
transmit the frames consecutively within the 
occupancy time called TXOP Limit. In this paper 
with the TXOP Limit and the adjustable parameters 
are altered and the performance of the WLAN 
network is analysed. For different set of nodes the 

packets are transmitted and the QoS parameters are 
measured. Based on the measured parameters the 
performance is analysed. The results obtained 
produced better performance than the existing 
methods.  

The rest of the paper is organized as follows: 
Section II explains the previous research which 
surveys the past approaches of the 802.11e 
standard. Section III the proposed work which 
explains the methods used in this paper. Section 1V 
is with the Results and Discussion which analyses 
the performance of the parameters used in this 
paper and the Section V concludes the paper. 

2. PREVIOUS RESEARCH 

Bianchi [1] proposed a scheme which is based on 
Distributed Coordination Function. The nodes used 
were finite and the throughput was analysed under 
the DCF mode of transmission. Peng et al [2] 
proposed EDCA method of IEEE 802.11e used 
TXOP Limits for analyzing the throughput. For 
different TXOP Limits and different access 
categories the throughput is analysed. Two types of 
access: Basic access with no hidden stations and 
RTS/CTS access scheme is analysed. The 
throughput was analysed with 3 and 30 contending 
nodes .The throughput is reduced at heavy load of 
30 nodes compared to the light load of 3 nodes. 
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Jelena Misic et al [3] proposed an EDCA method 
with single hop wireless networks. This method 
used a maximum of 5 nodes. The TXOP bandwidth 
is allocated sequentially in a frame-by-frame 
fashion until maximum TXOP Limit is reached. In 
this method the higher priority nodes gets more 
chance for transmitting than the lower priority 
nodes. Under high loads the maximum TXOP 
allocation is achieved and under low loads most 
nodes transmit only single frames. 

Suong H Nguyen et al [4] proposed an EDCA 
mechanism which investigated the interaction 
between the saturated and the unsaturated sources. 
The saturated sources are the non- real time sources 
and the unsaturated sources are the real time 
sources. Here the TXOP Limit, CWmin, CWmax 
parameters are adjusted and the performance is 
analysed. The AIFS parameter is assumed same for 
all the stations. For the large TXOP Limits the 
throughput decreases. For the saturated sources, the 
collision probability increases and the throughput 
decreases. For the unsaturated sources, the collision 
probability increases and the delay decreases. 

Jelena Misic et al [5] proposed an EDCA method 
to investigate the TXOP values affect the 
boundaries between the saturation and 
nonsaturation condition. This method also aimed to 
improve the performance under bursty arrival. Here 
single hop network with 5 nodes are considered. In 
saturation condition the buffersize of every station 
is set as 32KB which results in the buffer overflow 
of all the stations, leads to performance 
degradation. In nonsaturation condition, the 
throughput is increased for a large TXOPLimit, 
which increases the medium utilization. In 
nonsaturation condition the lower priority nodes has 
given more chance to access the TXOP period. 

Geyong Min et al [6] proposed an EDCA method 
to investigate the impacts of traffic loads, TXOP 
Limits and number of stations under different 
channel conditions. Here two channel conditions 
good, bad conditions are considered. .Under this 
scheme the throughput and buffer overflow is 
analysed under NS-2 environment A maximum of 
10 stations are considered. If the number of station 
is 5, then there is no buffer overflow and the 
network works under light load and the 
performance is equal to the DCF.If the number of 
station is 10, the throughput is increased by 17% 
and the buffer overflow is decreased by 60%.If the 
number of stations is increased above 10, the 
throughput is decreased under both good and bad 
state conditions, the collision probability is higher 
than the channel errors. 

Tainaka et al [7] proposed a method to analyse 
the performance of DCF and EDCA methods for 
the IEEE based multihop networks. Here the 
overhead caused by the DCF mechanism is reduced 
by the TXOP mechanism used. The throughput is 
analysed for both DCF and EDCA mechanism 
under bursty transmission. In this method in the 
TXOP period the nodes have the right to access 
occupies the medium a large period of time which 
leads to the queue overflow of other nodes waiting 
for the medium to access. This overflow of frames 
of the waiting nodes deteriorates the performance of 
the multihop networks. 

3. PROPOSED WORK 
 

This work deals with the performance 
improvement of the WLAN under different sets of 
nodes using the EDCA mechanism with the 
adjustable parameters and compares the results with 
the DCF mechanism of 802.11e WLANs. For each 
set of increasing nodes the DCF mechanism is 
analysed. Then for the same set the EDCA access 
method is analysed. Then to improve the 
performance of the network the adjustable EDCA 
parameters such as CWmin, CWmax, AIFS, 
TXOPLimit are adjusted and the QoS parameters 
are measured. The EDCA has four Access 
Categories (ACs) [9] for the different data traffic 
sources. Each AC has a set of four parameters. The 
priorities of the ACs are called as User Priorities 
(UP) and it is assigned according to the type of 
traffic or application of the arrived frame belongs 
to. The priority ranges from 0 to 7.The priority is 
assigned at the higher layers and it can be assigned 
by the user using the application which should be 
compatible with 802.11e standard. The CWmin for 
AC_VI and CWmax for the AC_VO can be 
calculated using equation 1.The CWmin for the 
AC_VO is calculated using equation 2.Using the 
default and the altered parameter values the DCF 
and the EDCA access methods are performed in our 
transmission and the QoS parameters such as 
throughput and delay is measured and analysed. 

 

CWmin/CWmax  = (CWmin+1)/2 + 1   (1) 
 
CWmin = (CWmin+1)/4 - 1  (2) 
 
The simulation results obtained shows that the 

EDCA access method with the adjustable 
parameters gave a good performance improvement 
than the DCF access method. The high TXOP Limit 
increased the throughput and reduced the delay than 
the other methods. The other parameters too gave a 
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fair performance improvement in our different set 
of nodes in 802.11e standard but the TXOP Limit 
gains the top. 

From the analysis, increasing the CW values 
decreased the collision rate which in turn increased 
the delay and decreased the throughput.  The 
increase in TXOP increases the throughput for 
increasing number of nodes. 

4. RESULTS AND DISCUSSION 

4.1. Performance Analysis 

The performance is evaluated using ns- 2.28 
simulator in a Red Hat Linux environment. The 
simulation set up is done by setting the grid as 
1000X1000, the packet size is 2030 byts, topology 
used is mesh topology. The nodes in the network 
are allowed to communicate with each other and the 
nodes are able to communicate with other nodes in 
the network.   For each set of nodes the DCF access 
method is analysed and the QoS parameters are 
measured. First the analysis is done by 10 nodes. 
Then the nodes are increased to 15 and the analysis 
is done. Likewise the nodes are increased till 50 
nodes as a multiple of five and the analysis is done 
for each access method and the differentiation 
parameters. Then the QoS parameters for each set 
of nodes are analysed and concludes which 
parameter set method suits for the particular set of 
nodes. The parameters of the default EDCA access 
method is shown in Table 1. Table 2 is the set of 
parameter values taken by decreasing the CWmin 
and CWmax values. The increased CWmin and 
CWmax values used for the analysis are shown in 
Table 3. The AIFS values are altered and are shown 
in Table 4. Table 5 gives the parameter values used 
for the analysis by increasing the TXOP Limit. 

4.1.1. Throughput analysis 
The throughput analysis is first done for 10 

nodes. The simulation results of DCF method 
shows that while transmitting data with minimum 
number of nodes it gives a fair throughput. Then for 
EDCA method the throughput is increased 4% than 
the DCF method.  Then the analysis is done by 
altering the adjustable parameters. Thus first we 
decreased the CW and the result shows that 
decrease in CW increases the throughput with the 
parameters as in Table 2. Then we increased the 
CW values as per Table 3 which gave a decrease in 
throughput than the EDCA method but increase in 
DCF method. Then the analysis is done by 
increasing the TXOP Limit value as in Table 5. The 
first increase in TXOP Limit gave the same value as 
EDCA method. But when the TXOP values are 
further increased the throughput value started 

decreasing. Then the analysis is done by altering the 
AIFS value. An increase in AIFS value gave an 
increase in throughput than DCF method but less 
then EDCA method. 

For 15 nodes the throughput using EDCA 
method is increased 10% than the DCF method. 
While decreasing the CW values the throughput 
started decreasing. An increase in CW values gave 
a 3% increase in throughput than the EDCA method 
thereby a total increase of 13% than the DCF access 
method. But for high CW value we obtained a 
decreased throughput value. From this we noticed 
that for 15 nodes, an increase in CW value increases 
the throughput of the network. The increase in 
TXOP Limit gave a decrease in throughput but 
achieved a fair one. While altering the AIFS values 
a moderate decrease in the throughput is attained. 
Thus for 15 nodes the moderate increase in CW 
values gave a better throughput. 

Then we analysed for 20 nodes by using the same 
parameter set. The EDCA method gave only a 3% 
increase in throughput than the DCF method. It 
gave a decrease in throughput than the EDCA 
method while decreasing the CW values. For an 
increase in CW values the throughput increased 
gradually and for high CW values it gave a high 
increase in throughput than the EDCA method. For 
an increase in TXOP and AIFS gave a decrease in 
throughput than the DCF method. Thus for 20 
nodes the increase in CW value gave a best result. 

For 25 nodes, 7% increase in throughput is 
obtained by the EDCA method than the DCF 
method. The decrease in CW values gave a 
decrease in throughput. But when the CW value is 
slightly increased we achieved a throughput 
increase of 9% than the DCF method. Then for a 
high CW value we obtained a 12 % increase in 
throughput than the DCF method. Then for increase 
in TXOP and AIFS gave a decrease in throughput 
but not worse than DCF method.  

For 30 nodes, a small increase in throughput is 
obtained by EDCA method than the DCF method. 
A slight decrease in CW value gave a 3% increase 
in throughput it began to decrease for a low CW 
value. The increase in CW values gave an increase 
in throughput of 5% than the DCF method. The 
increase in TXOP Limit gave a fair increase in 
throughput than the DCF method. The AIFS 
method gave the constant throughput as in EDCA 
default parameter method.  
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Table 1 : Default EDCA Parameters in IEEE 802.11e 

Method 
Paramet

ers 
AC 0 AC1 AC2 AC3 

EDCA 
Default 
parameter 
method 

AIFS 
(µs) 

2 2 3 7 

CWmin 
(ms) 

7 15 31 31 

Cwmax 
(ms) 

15 31 1023 1023 

TXOP 
Limit(s) 

0.0003
264 

0.0060
16 

0 0 

 
Table 2 : Parameters with decreased CWmin and 

CWmax 

 

35 nodes gave a 5% increase in throughput than 
the DCF method. The throughput is decreased when 
the CW values are decreased and it is good than the 
DCF method. For an increase in CW value, we 
obtained an increase in throughput than the EDCA 
method and it started decreasing for high CW 
values but it gave a fair result than the DCF 
mechanism. Then for the increase in TXOPLimit 35 
nodes gave an increasing throughput and are the 
maximum throughput value. An increase in AIFS 
gave a constant throughput value for all change 
which is fair than the DCF method.  

For 45 nodes, the EDCA method gave an 
increase in throughput than the DCF method. The 
decrease in the CW values gave a moderate increase 
in throughput .The small increase in CW value 
increased the throughput and further increasing the 
CW values decreased the throughput but not below 
DCF method. The increase in TXOP Limit and 
AIFS too gave a fair increase in throughput. 

For 50 nodes, EDCA method gave better 
throughput than DCF method. When we decreased 
the CW values the throughput decreased and 
increased for small CW values. A small increase in 
CW values from default value gave a high 

throughput than EDCA method. But for higher 
values of CW there is a gradual decrease in 
throughput. An increase in TXOP Limit gave a 
constant increase in throughput than EDCA default 
method. Increase in AIFS gave a gradual decrease 
in throughput. 

 From the simulation results we have studied that 
the EDCA access method is the best method than 
the DCF access method in the IEEE 802.11e 
WLAN network. From the adjustable parameters 
we have noticed that the TXOP Limit adjustments 
are best suited for the 45 nodes and 50 nodes. From 
the results, we have studied that the increase in 
TXOP Limit is best suited for the high number of 
nodes. The minimum CW values are best suited for 
minimum number of nodes. The high CW values 
are best suited for medium number of nodes. The 
AIFS values give a fair result for all type of 
networks. 

The Figure 1 shows the comparison of DCF and 
the EDCA default parameters for the different types 
of node network i.e., 10,15,20,25,30,35,40, 45 and 
50 nodes. The figure 2 shows the analysis by the 
same set of node networks by decreasing and 
increasing the CW values as per equation 2 and 
equation 3 for the different access categories and 
the values listed in the Table 3.The CW1 refers to 
the values in decreasing CW values1 and    CW2 
refers to the values in decreasing CW values2 in 
Table 3.  Figure 3 explains the variation in 
throughput values by increasing the TXOP Limit. 
The TXOP1 refers to the increasing TXOP Limit1 
and TXOP2 refers to the increasing TXOP Limit2 
in the Table 6. Figure 4 explains the throughput 
variation by increasing the AIFS values. AIFS1 
refers to the increasing AIFS value1 and AIFS2 
refers to the increasing AIFS value2 in the Table 5. 

4.1.2. Delay analysis 
Next we analysed the average delay on the same 

set of nodes as in throughput analysis. From the 
simulation results, for 10 nodes a low average delay 
is obtained when the TXOP Limit is increased.  For 
15 nodes, the delay is increased in the EDCA 
method than the DCF method and is decreased 
when we gradually decrease the CW values but we 
didn’t obtain a fair result. Then we increased the 
CW values, but the delay started to increase. Then 
we altered the TXOP Limit. The increase in TXOP 
Limit gave a drastic decrease in delay than the other 
methods. The AIFS gave a high delay. 
 

Method 
Paramet

ers 
AC0 AC1 AC2 AC3 

Decreasing 
CW 

values1 

AIFS 
(µs) 

2 2 3 7 

CWmin 
(ms) 

5 11 23 23 

CWmax 
(ms) 

11 23 1023 1023 

TXOP 
Limit(s) 

0.0003
264 

0.006
016 

0 0 

Decreasing 
CW 

values2 

AIFS 
(µs) 

2 2 3 7 

CWmin 
(ms) 

3 7 15 15 

CWmax 
(ms) 

7 15 1023 1023 

TXOP 
Limit(s) 

0.0003
264 

0.006
016 

0 0 
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 Figure 1:Throughput Analysis –DCF Vs EDCA 
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decreasing CWmin values 

 
The 20 nodes result shows a low delay in EDCA 

method than the DCF method. The gradual 
decrease in CW values gave a gradual decrease in 
delay. But the increase in CW values increased the 
delay in 20 nodes. The increase in TXOP Limit 
decreased the delay which gave a fair result than the 
other method. The result of 25 nodes is same as the 
15 nodes behavior which gave a low delay in the 
high TXOP Limit. We observed the same result of 
the 35,50 node network as the 20 node network. 
The simulation results obtained is shown in the 
Figure.7 shows the adjustments in the TXOP Limit 
gives a fair delay in all types of low, medium and 
high nodes. 
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Figure 3:Throughput analysis by increasing the TXOP 
Limit 

 
 Table 3: Parameters with increased CWmin and CWmax 

 
The delay analysis result shows that the increase 

in the TXOP Limit is best suited for small, medium 
and large number of nodes. Figure 5 shows the 
result for the delay analysis of DCF and EDCA 
method .The figure shows that EDCA method is 
better than the DCF method for all set of nodes. 
Figure 6 shows the delay analysis by increasing and 
decreasing in congestion window and the 
parameters used are same as the throughput analysis 
as per the Table 3. Figure 8 shows the delay 
analysis as per the Table 4 values. Figure 7 shows 
the delay analysis by increasing the TXOPLimit to 
all the set of node networks which gave a fair 

Method Parameters AC0 AC1 AC2 AC3 
Increasing 
CW 
values1 

AIFS(µs) 2 2 3 7 
CWmin 
(ms) 

10 21 43 43 

CWmax 
(ms) 

21 43 1023 1023 

TXOP 
Limit(s) 

0.000
3264 

0.006
016 

0 0 

Increasing 
CW 
values2 

AIFS(µs) 2 2 3 7 
CWmin 
(ms) 

12 25 51 51 

CWmax 
(ms) 

25 51 1023 1023 

TXOP 
Limit(s) 

0.000
3264 

0.006
016 

0 0 

Increasing 
CW 
values3 

AIFS(µs) 2 2 3 7 
CWmin 
(ms) 

33 67 135 135 

CWmax 
(ms) 

67 135 1023 1023 

TXOP 
Limit(s) 

0.000
3264 

0.006
016 

0 0 
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performance improvement for all types of networks 
.Figure 8 shows the delay outcomes by increasing 
the AIFS values. 

Table4: Parameters with increased AIFS values 

 
 

10 20 30 40 50

0.636

0.638

0.640

0.642

0.644

0.646

0.648

0.650

0.652

0.654

0.656

0.658

0.660

T
hr

ou
gh

pu
t

Number of nodes

 AIFS1
 AIFS2

 
 
Figure 4: Throughput analysis by increasing AIFS value 

 
The AC0, AC1, AC2, AC3 in the Tables are the 

Access Category 0, Access Category 1, Access 
Category 2 and Access Category3 for different sets 
of the altered parameters in the EDCA access 
mechanism. 
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Figure 5: Delay analysis – DCF Vs EDCA 
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Figure 6: Delay analysis by increasing and decresing 

CWmin values 
 

Table 5: Parameters with increased TXOP Limit 
 

Method Parameters 
AC0 AC1 AC2 AC3 

Increasing 
AIFS 
value1 

AIFS(µs) 3 3 4 11 
CWmin 
(ms) 

7 15 31 31 

CWmax 
(ms) 

15 31 1023 1023 

TXOP 
Limit(s) 

0.0003
264 

0.0060
16 

0 0 

Increasing 
AIFS 
value2 

AIFS(µs) 4 4 5 15 
CWmin 
(ms) 

7 15 31 31 

CWmax 
(ms) 

15 31 1023 1023 

TXOP 
Limit(s) 

0.0003
264 

0.0060
16 

0 0 

Method Parameters 
AC0 AC1 AC2 AC3 

Increasing 
TXOP 
Limit1 

AIFS(µs) 2 2 3 7 
CWmin 
(ms) 

7 15 31 31 

CWmax 
(ms) 

15 31 1023 1023 

TXOP 
Limit(s) 

0.0060
16 

0.601
6 

0 0 

Increasing 
TXOP 
Limit2 

AIFS(µs) 2 2 3 7 
CWmin 
(ms) 

7 15 31 31 

CWmax 
(ms) 

15 31 1023 1023 

TXOP 
Limit(s) 

0.6016 1 0 0 

Increasing 
TXOP 
Limit 

AIFS(µs) 2 2 3 7 
CWmin 
(ms) 

7 15 31 31 

CWmax 
(ms) 

15 31 1023 1023 

TXOP 
Limit(s) 

1 2 0 0 
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Figure 7: Delay analysis by increasing the TXOP Limit 
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Figure 8: Delay analysis by increasing AIFS value 

 
5. CONCLUSION 

In this paper the performance of the WLAN is 
improved by altering the adjustable parameters in 
EDCA and the results are compared with the basic 
DCF access method. We have analysed the average 
throughput and average delay for the different set of 
nodes. First the DCF mechanism is used for all the 
set of nodes and the parameters are measured. Then 
for the same set of nodes the EDCA access 
mechanism with four ACs are used and the 
parameters are measured. Then the methods are 
compared and the performance is analysed. The 
EDCA method gives better performance 
improvement than the DCF access method but not a 
fair improvement. Then the EDCA method with the 
adjustable parameter values of the ACs is altered 
and the analysis is done. This analysis gave a good 
improvement in the performance for all set of nodes 
including small, medium and large. Increasing the 
TXOP Limit gave a very low drop and delay 
compared to the DCF and EDCA methods. The 
increase in the TXOP Limit gave a high throughput 
result for more number of nodes which gave a high 
performance improvement than the other access 
method parameters. To further improve the 
throughput the rate adaptation scheme can be 
applied to the high TXOP Limit EDCA access 
method. 
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