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ABSTRACT

This paper deals with the performance analysis &fAW under variable number of nodes using the
adjustable parameters such as TXOPLimit, CWmin, GWand AIFS in EDCA. The comparative analysis
is done by varying the number of nodes and thestaljle Access Category (AC) parameters in the EDCA
access mechanism. The throughput and delay panaradtéhe QoS are measured. The simulation is done
using the Network Simulator NS-2.28 tool in Redatux environment. The simulation results obtained
gave a better performance improvement using thestatjle altered parameters in EDCA access metlaod th
the existing methods. The high TXOP Limit gave @drgperformance increase than the other parameters
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1. INTRODUCTION packets are transmitted and the QoS parameters are
measured. Based on the measured parameters the
Wireless Local Area Networks (WLANS) [8] are performance is analysed. The results obtained
expanded tremendously for the support oproduced better performance than the existing
Multimedia applications. For the transmission ofnethods.

multimedia applications the QoS parameters like The rest of the paper is oraanized as follows:
increase in throughput and minimum access del . € pap g S
ection 1l explains the previous research which

are the important parameters. The WLANs ar
specified by IEEE 802.11 standard. The 802.13urveys the past approaches of the 802.1le

tandard. Section Il the proposed work which
Ztg\; (ﬁﬁj dggéoﬁg méa\gzy fizndea:(r:ds :;%hngs agl?z,['%)%blains the methods used in this paper. Section 1V

standards the 802.11le [8] is the standard whiiﬁ with the Results and Discussion which an_alyse_s
directly supports QoS in the wireless network aee?’e;:()jrrtr;}aéng(;ctci)(];nt(]/ect?:éﬁljgee;etﬁe uzeirln this
using MAC protocols. The IEEE 802.11e standar§?? Paper.
defines the protocols to enable multimedi2. PREVIOUSRESEARCH

applications, traffic prioritization, high speed
bursting of data. The IEEE 802.11 MAC protocol%.
use the Distributed Coordination Function (DCF) :
causes overhead which degrades the throughput.

Bianchi [1] proposed a scheme which is based on
stributed Coordination Function. The nodes used
Wwere finite and the throughput was analysed under
the DCF mode of transmission. Peng et al [2]

To improve this issue Transmission opportunitproposed EDCA method of IEEE 802.11e used
mechanism in EDCA [10] is used. It is a scheme imXOP Limits for analyzing the throughput. For
IEEE 802.11e standard. TXOP is, after a statiodifferent TXOP Limits and different access
gains the channel multiple consecutive frames camtegories the throughput is analysed. Two types of
be transmitted within the burst. The station caaccess: Basic access with no hidden stations and
transmit the frames consecutively within theRTS/CTS access scheme is analysed. The
occupancy time called TXOP Limit. In this paperthroughput was analysed with 3 and 30 contending
with the TXOP Limit and the adjustable parameteraodes .The throughput is reduced at heavy load of
are altered and the performance of the WLANBO nodes compared to the light load of 3 nodes.
network is analysed. For different set of nodes the
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Jelena Misic et al [3] proposed an EDCA method Tainaka et al [7] proposed a method to analyse
with single hop wireless networks. This methodhe performance of DCF and EDCA methods for
used a maximum of 5 nodes. The TXOP bandwidtthe IEEE based multihop networks. Here the
is allocated sequentially in a frame-by-frameoverhead caused by the DCF mechanism is reduced
fashion until maximum TXOP Limit is reached. Inby the TXOP mechanism used. The throughput is
this method the higher priority nodes gets moranalysed for both DCF and EDCA mechanism
chance for transmitting than the lower priorityunder bursty transmission. In this method in the
nodes. Under high loads the maximum TXORXOP period the nodes have the right to access
allocation is achieved and under low loads mosiccupies the medium a large period of time which
nodes transmit only single frames. leads to the queue overflow of other nodes waiting

for the medium to access. This overflow of frames

Suong H Ngu_yen et al [.4] proposed an EDQ%]‘ the waiting nodes deteriorates the performarice o
mechanism which investigated the mteractlor{nhe multihop networks

between the saturated and the unsaturated sources.
The saturated sources are the non- real time spur& PROPOSED WORK

and the unsaturated sources are the real time

sources. Here the TXOP lelt, CWmin, CWmax This work deals with the performance

parameters are adjusted and the performance jifprovement of the WLAN under different sets of
analysed. The AIFS parameter is assumed same f@ydes using the EDCA mechanism with the
all the stations. For the large TXOP Limits theydjustable parameters and compares the results with
throughput decreases. For the saturated sourees, fihe DCE mechanism of 802.11e WLANSs. For each
collision probability increases and the throughpl{get of increasing nodes the DCF mechanism is
decreases. For the unsaturated sources, the @U”lshnalysed. Then for the same set the EDCA access
probability increases and the delay decreases. method is analysed. Then to improve the

Jelena Misic et al [5] proposed an EDCA metho@€rformance of the network the adjustable EDCA
to investigate the TXOP values affect thgarameters such as CWmin, CWmax, AIFS,
boundaries  between the saturation andXOPLimit are adjusted and the QoS parameters
nonsaturation condition. This method also aimed "¢ measured. The EDCA has four Access
improve the performance under bursty arrival. Herg@t€gories (ACs) [9] for the different data traffic
single hop network with 5 nodes are considered. fPurces. Each AC has a set of four parameters. The
saturation condition the buffersize of every statioPriorities of the ACs are called as User Priorities

is set as 32KB which results in the buffer overfloWfUP) and it is assigned according to the type of
of all the stations, leads to performancéraﬁ'c or application of the arrived frame belongs

degradation. In nonsaturation condition, thd®- The priority ranges from 0 to 7.The priority is

throughput is increased for a large TXOPLimit@SSigned at the higher layers and it can be assigne
which increases the medium utilization. InPY the user using the application which should be
nonsaturation condition the lower priority nodes hacompatible with 802.11e standard. The CWmin for

given more chance to access the TXOP period. AC_VI and CWmax for the AC_VO can be
calculated using equation 1.The CWmin for the

Geyong Min et al [6] proposed an EDCA methooC VO is calculated using equation 2.Using the
to investigate the impacts of traffic loads, TXORjefault and the altered parameter values the DCF
Limits and number of stations under differeniand the EDCA access methods are performed in our
channel conditions. Here two channel conditionansmission and the QoS parameters such as
good, bad conditions are considered. .Under thifroughput and delay is measured and analysed.
scheme the throughput and buffer overflow is
analysed under NS-2 environment A maximum of
10 stations are considered. If the number of statio cwmin/CWmax = (CWmin+1)/2+1 (1)
is 5, then there is no buffer overflow and the
network works under light load and the Cwmin=(CWmin+1)/4 -1 2)
performance is equal to the DCF.If the number of
station is 10, the throughput is increased by 17% The simulation results obtained shows that the
and the buffer overflow is decreased by 60%.If thepCA access method with the adjustable
number of stations is increased above 10, thgarameters gave a good performance improvement
throughput is decreased under both good and bgfhn the DCF access method. The high TXOP Limit
state conditions, the collision probability is hegh increased the throughput and reduced the delay than
than the channel errors. the other methods. The other parameters too gave a
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fair performance improvement in our different setlecreasing. Then the analysis is done by altehiag t

of nodes in 802.11e standard but the TXOP LimiAIFS value. An increase in AIFS value gave an

gains the top. increase in throughput than DCF method but less
From the analysis, increasing the CW valuethen EDCA method.

decreased the collision rate which in turn incrdase

For 15 nodes the throughput using EDCA
_the delay_ and decr_eased the throughput. Trr‘ﬁethod is increased 10% than the DCF method.
increase in TXOP increases the throughput f

: . Svhile decreasing the CW values the throughput
increasing number of nodes. . ) i
started decreasing. An increase in CW values gave

4. RESULTSAND DISCUSSION 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

The performance is evaluated using ns- 2.28ecreased throughput value. From this we noticed
simulator in a Red Hat Linux environment. Thethat for 15 nodes, an increase in CW value inciease
simulation set up is done by setting the grid athe throughput of the network. The increase in
1000X1000, the packet size is 2030 byts, topologyXOP Limit gave a decrease in throughput but
used is mesh topology. The nodes in the netwodchieved a fair one. While altering the AIFS values
are allowed to communicate with each other and tt&e moderate decrease in the throughput is attained.
nodes are able to communicate with other nodes Trhus for 15 nodes the moderate increase in CW
the network. For each set of nodes the DCF accessues gave a better throughput.

method is analysed and the QoS parameters ar .
measured. First the analysis is done by 10 nodeserhen we analysed for 20 nodes by using the same

y 0,
Then the nodes are increased to 15 and the analy. drameter set. The EDCA method gave only a 3%

| .
is done. Likewise the nodes are increased till 5®§rease in throughput than the DCF method. It

, ! o ave a decrease in throughput than the EDCA
nodes as a multiple of five and the analysis 'Sedorﬁwethod while decreasing the CW values. For an

for each access method and the d|fferent|at|o||a rease in CW values the throughput increased
parameters. Then the QoS parameters for each cfh
|

4.1. Performance Analysis

of nodes are analvsed and concludes whi F: dually and for high CW values it gave a high
y u WNiGHcrease in throughput than the EDCA method. For

parameter set method suits for the particular et g . . :
nodes. The parameters of the default EDCA acceti:lgI increase in TXOP and AIFS gave a decrease in

method is shown in Table 1. Table 2 is the set 9 foughput than the DCF method. Thus for 20

parameter values taken by decreasing the CWmﬂ?deS the increase in CW value gave a best result.

and CWmax values. The increased CWmin and For 25 nodes, 7% increase in throughput is
CWmax values used for the analysis are shown obtained by the EDCA method than the DCF
Table 3. The AIFS values are altered and are showmethod. The decrease in CW values gave a
in Table 4. Table 5 gives the parameter values usddcrease in throughput. But when the CW value is
for the analysis by increasing the TXOP Limit. slightly increased we achieved a throughput

increase of 9% than the DCF method. Then for a

4.1.1 Throughput analysis idw;i’gh CW value we obtained a 12 % increase in

The throughput analysis is first done for 1
nodes. The simulation results of DCF metho
shows that while transmitting data with minimumDu
number of nodes it gives a fair throughput. Than fo
EDCA method the throughput is increased 4% than For 30 nodes, a small increase in throughput is
the DCF method. Then the analysis is done bgbtained by EDCA method than the DCF method.
altering the adjustable parameters. Thus first w& slight decrease in CW value gave a 3% increase
decreased the CW and the result shows thiet throughput it began to decrease for a low CW
decrease in CW increases the throughput with thelue. The increase in CW values gave an increase
parameters as in Table 2. Then we increased the throughput of 5% than the DCF method. The
CW values as per Table 3 which gave a decreaseimtrease in TXOP Limit gave a fair increase in
throughput than the EDCA method but increase ithroughput than the DCF method. The AIFS
DCF method. Then the analysis is done byethod gave the constant throughput as in EDCA
increasing the TXOP Limit value as in Table 5. Thelefault parameter method.
first increase in TXOP Limit gave the same value as
EDCA method. But when the TXOP values are
further increased the throughput value started

roughput than the DCF method. Then for increase
TXOP and AIFS gave a decrease in throughput
t not worse than DCF method.
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Table 1 : Default EDCA Parameters in IEEE 802.11e  throughput than EDCA method. But for higher

Method Paéfget AC O Acl | Ac2 | acz| values of CW .there is a gradual _dgcrease in
AES throughpl_Jt. An increase in TXOP Limit gave a
(us) 2 2 3 7 constant increase in throughput than EDCA default
EDCA CcWmin ; 15 a1 a1 method. Increase in AIFS gave a gradual decrease
Default (ms) in throughput.
pmeganggter C(Wmn;?x 15 31 10231 1023 From the simulation results we have studied that
TXOP | 0.0003 | 0.0060 0 0 the EDCA access method is the best method than
Limit(s) | 264 16 the DCF access method in the IEEE 802.11e

WLAN network. From the adjustable parameters

Table 2 - Parameters with decreased CWmin and \ye have noticed that the TXOP Limit adjustments

CWmax are best suited for the 45 nodes and 50 nodes. From
Paramet the results, we have studied that the increase in
Method ers ACO | ACL | AC2 | AC3 | TxOP Limit is best suited for the high number of
AIFS 5 5 3 Z nodes. The minimum CW values are best suited for
(us) minimum number of nodes. The high CW values
Decreasing Cz’r\rl]”;)'” 5 11 23 23 | are best suited for medium number of nodes. The
Ccw CWmax AIFS values give a fair result for all type of
valuesl (ms) 11 23 1023| 1023| petworks.
Jéi?(z) °f§f3 062%6 0 0 The Figure 1 shows the comparison of DCF and
AIFS 5 ) 3 S the EDCA default.parameters for the different types
(us) of node network i.e., 10,15,20,25,30,35,40, 45 and
Decreasing Cz’r\]’q“s“)'” 3 7 15 15 50 nodes. The figure 2 shows the analysis by the
cw CWmax same set of node networks by decreasing and
values2 (ms) 7 15 | 1023| 1023| ncreasing the CW values as per equation 2 and
TXOP [ 0.0003 | 0.006 [ 0 equation 3 for the different access categories and
Limit(s) | 264 016 the values listed in the Table 3.The CW1 refers to

the values in decreasing CW valuesl and  CW?2

35 nodes gave a 5% increase in throughput th&gfers to the values in decreasing CW values2 in
the DCF method. The throughput is decreased whd@ble 3. Figure 3 explains the variation in
the CW values are decreased and it is good than figoughput values by increasing the TXOP Limit.
DCF method. For an increase in CW value, wdn€ TXOPL1 refers to the increasing TXOP Limitl
obtained an increase in throughput than the EDCANd TXOP2 refers to the increasing TXOP Limit2
method and it started decreasing for high cwv the Table 6. Figure 4 explains the throughput
values but it gave a fair result than the DCRariation by increasing the AIFS values. AIFS1
mechanism. Then for the increase in TXOPLimit 35€fers to the increasing AIFS valuel and AIFS2
nodes gave an increasing throughput and are ifgfers to the increasing AIFS value2 in the Table 5

maximum throughput value. An increase in AIF$ 1.2 Delay analysis

gave a constant throughput value for all change Next we analysed the average delay on the same
which is fair than the DCF method. set of nodes as in throughput analysis. From the
For 45 nodes, the EDCA method gave asimulation results, for 10 nodes a low averageydela
increase in throughput than the DCF method. TH8 obtained when the TXOP Limit is increased. For
decrease in the CW values gave a moderate increase Nodes, the delay is increased in the EDCA
in throughput .The small increase in CW valudnéthod than the DCF method and is decreased
increased the throughput and further increasing th¢hen we gradually decrease the CW values but we

CW values decreased the throughput but not beldfjdn’t obtain a fair result. Then we increased the
DCF method. The increase in TXOP Limit andcW values, but the delay started to increase. Then
AIFS too gave a fair increase in throughput. we altered the TXOP Limit. The increase in TXOP

Limit gave a drastic decrease in delay than theroth

For 50 nodes, EDCA method gave bettemethods. The AIFS gave a high delay.
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
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Figure 1:Throughput Analysis -DCF Vs EDCA
Figure 3:Throughput analysis by increasing the TXOP

—&— 10 nodes| e
e 20nades Limit
0.665 —A— 30 nodes|
0650 :im Table 3: Parameters with increased CWmin and CWmax
0.655] —»— 50 nodes|
06501 Method Parameters| ACO AC1 | AC2| AC3
06454 g&&easmg AIFS(ns) 2 2 3 7
] CWmin
Lo valuesl (ms) 10 21 43 43
g_ 0.635+
5 oo (CmVZ;“aX 21 43 | 1023| 1023
£ oexs] r*\ A
= v ~—~__ TXOP 0.000 | 0.006 0 0
06207 —* ° Limit(s) 3264 | 016
0615+ X Increasing | AIFS(us) 2 2 3 7
0610 Cw ;
CWmin
0.606-] values2 (ms) 12 25 51 51
N >
e (cmvg;nax 25 51 | 1023| 1023
0 20 40 60 8 100 120 140 160 180 200
Qhin TXOP 0.000 | 0.006 [ o
Limit(s) 3264 016
. . . . Increasing | AIFS(us 2 2 3 7
Figure 2:Throughput analysis by increasing and cwW 9 CWm(il;)
decreasing CWmin values values3 (ms) 33 67 135 135
CWmax
The 20 nodes result shows a low delay in EDCA (ms) 67 135 | 1023 1023
method than the DCF method. The gradyal TXOP 0.000 | 0.006 | 0
decrease in CW values gave a gradual decrease-in Limit(s) 3264 | 016

delay. But the increase in CW values increased the_l_he delav analvsis result shows that the increase
delay in 20 nodes. The increase in TXOP Limit y analysi Uit show: inct

. : in the TXOP Limit is best suited for small, medium
decreased the delay which gave a fair result than t

. nd large number of nodes. Figure 5 shows the
other method. The result of 25 nodes is same as t?'eesult for the delay analysis of DCF and EDCA

15 nodes behavior which gave a low delay in the : .

high TXOP Limit. We observed the same result Or]nethod -The figure shows that EDCA method is
the 35,50 node network as the 20 node networ -etter than the DCF method fo_r al set of nodes.
The simulation results obtained is shown in th igure 6 shows the delay analysis by increasing and

Figure.7 shows the adjustments in the TXOP Limi ecreasing in congestion window and the .
gives a fair delay in all types of low, medium andrarameters used are same as the throughput analysis

high nodes 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
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performance improvement for all types of networks

—— DCF Acess Method Je

.Figure 8 shows the delay outcomes by increasing  ; [ EDCA Default Parameter
the AIFS values. 500
Table4: Parameters with increased AIFS values 400
Method Parameter ACO ACL ac2 | Ac3 é w00
k)
Increasing| AIFS(us) 3 3 4 11 8 0l
AIFS CWmin
7 15 31 31
valuel (ms) 0o
CWmax
(ms) 15 31 1023| 1023 0 | | | | |
TXOP 0.0003 | 0.0060 0 0 0 10 20 30 40 50
Limit(s) 264 16 Number of Nodes
Increasing| AIFS(us) 4 4 5 15
AIPS CWmin 7 15 | 31| 31 i i
value2 (ms) Figure 5: Delay analysis — DCF Vs EDCA
CWmax ——10nod
(ms) 15 31 1023| 1023 . e
25 nod
TXOP 0.0003 | 0.0060 | 0 e
Limit(s) 264 16 500 e ---50 nodes|
400 - ;
3
X 300
&
0660 4
0,658 200+
0,656
100+
0654
0652 o
5 0,650 0 2‘0 4‘0 6‘0 8‘0 1(‘)0 150 1:10
—%0.648- CWmin
S 0646
<
= opu- . . . . .
Figure 6: Delay analysis by increasing and decrgsin
0642 .
CWmin values
0,640
061 Table 5: Parameters with increased TXOP Limit
0,636
1 0 © © 5 —
Metho Parameters|
Number of nodes ACO | ACl | Ac2 | AC3
Increasing | AIFS(us) 2 2 3 7
Figure 4: Throughput analysis by increasing AlF$uea TXOP CWmin
Limit1 (ms) 7 15 31 31
The ACO, AC1, AC2, AC3 in the Tables are the CWmax 15 31 1023 1023
Access Category 0, Access Category 1, Access (TT<2P 50060 6601
Category 2 and Access Category3 for different sets Limit(s) 16 6 0 0
of tlple _altered parameters in the EDCA acceS$increasing | AIFS(us) > > 3 7
mechanism. TXOP :
CWmin
Limit2 (ms) 7 15 31 31
CWmax 15 31 | 1023 | 1023
(ms)
TXOP
Limit(s) 0.6016 1 0 0
Increasing | AIFS(us) 2 2 3 7
TXOP CWmin
Limit (ms) 7 15 31 31
?n\]’g;“ax 15 31 1023 | 1023
TXOP
Limit(s) 1 2 0 0
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