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Abstract— IEEE 802.11 Legacy DCF Wireless Local area 

network(WLAN) use CDMA/CA with equal priority to 

different  traffic class (TC).  IEEE 802.11e EDCA WLAN 

use  different priority to different TC to improve Quality Of 

Service(QoS). Various QoS parameters control Performance 

of  WLAN. In this Paper , We discuss various models and 

algorithms to achieve various QoS Matrices for performance 

optimization in WLAN. 
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I. INTRODUCTION 

THE worldwide popularity of IEEE 802.11 wireless local 

area networks (WLANs) is mainly attributed to the medium 

access control (MAC) protocol of distributed coordination 

function (DCF) [3]. As a random access protocol, DCF 

inherits the merits of simplicity and robustness, which, 

nevertheless, only provides best-effort services. To meet the 

soaring demand of quality-of-service (QoS) support for 

multimedia applications, enhanced distributed channel 

access (EDCA) has been proposed as an extension of DCF 

to provide QoS enhancements for IEEE 802.11 WLANs [4]. 

A. DCF and EDCA: 

DCF use the Carrier Sense Multiple Access (CSMA) 

protocol  with two access mechanisms including the basic 

access mechanism and the request-to-send/clear-to-send 

(RTS/CTS) mechanism [5]. In an IEEE 802.11 DCF 

network, a node can transmit only if it senses the channel 

idle. W and K denoting the initial backoff window size and 

the cutoff phase, respectively.1 It counts down at every idle 

time slot, and makes a transmission request when the 

counter is zero. As all the nodes follow a common channel-

sensing process with identical backoff parameters, they 

achieve the same throughput when the network is saturated, 

i.e., each node always has a packet to transmit. 

To introduce service differentiation among nodes, 

IEEE 802.11e EDCA standard defines four access 

categories (ACs), each of which employs a different set of 

backoff parameters including 1) the initial backoff window 

size and the cutoff phase, 2) the arbitration interframe 

spaces (AIFS)2, and 3) the maximum channel holding time, 

i.e., transmission opportunity (TXOP). With a smaller AIFS 

value, on the other hand, it has better chances to transmit 

and succeed when those with larger AIFS values still regard 

the channel as busy. Extensive studies have shown that ACs 

with higher priority achieve better node throughput when 

the network is saturated. The ratios of node throughput of 

ACs, nevertheless, vary with the network size. Specifically, 

it was observed in [4] that nodes from ACs with lower 

priority tend to be starved as the network size grows, leading 

to an enlarged throughput gap compared to those from high 

priority ACs. In the meantime, the network throughput may 

also significantly deteriorate with the current standard 

setting. 

B. Modeling of EDCA: 

The key of the solution lies in the proper modeling of IEEE 

802.11e EDCA networks. Most of the analytical models for 

EDCA have their roots in the widely adopted Bianchi model 

which was proposed for IEEE 802.11 DCF networks in [5]. 

In particular, a two-dimensional Markov chain was 

established in [5] to characterize the backoff behavior of 

each saturated node. By assuming that each node has the 

same transmission probability τ and the collision probability 

c, the network steady-state operating point was obtained by 

numerically solving two nonlinear equations of τ and c. It is 

well supported by simulation results and shown to be a 

powerful analytical tool to evaluate the throughput in 

saturated conditions.  An AC uses AIFSD[AC], 

CWmin[AC], and CWmax[AC] instead of DIFS, CWmin, 

and CWmax, of the DCF,  respectively, for the contention 

process to transmit a frame belonging to access category AC 

- specific AIFS number  AIFSN is determined by  

AIFS [AC] = SIFS + AIFSN[AC]*SlotTime 

The higher priority ACs are assigned smaller AIFSN. 

The Bianchi model [5] can be naturally extended to 

include multiple ACs with distinct backoff window 

sizes.The modeling becomes even more complicated when 

AIFS differentiation is further taken into consideration. The 

difficulty originates from the observation that the backoff 

process of each node is no longer time-homogeneous. In 

particular, with multiple AIFS values among ACs, there 

exist certain time periods during which the node contention 

is limited to high priority ACs. The corresponding 

probability of collision is then significantly different from 

other time periods when all the ACs are free to contend. 

each node follows an identical, independent and time-

homogeneous backoff process, which serves as a good 

approximation only when the network size n is large 

enough. The approximation, nevertheless, leads to a simple, 

yet powerful, analytical model that sheds important light on 

the performance evaluation of IEEE 802.11 DCF networks. 

As we will demonstrate in this paper, the modelling of IEEE 

802.11e EDCA networks can be also greatly simplified by 

assuming that each node follows an independent time 

homogeneous backoff process with an identical steady-state 

probability. Although the approximation causes deviation if 

ACs have a significant difference of AIFS values, the 

accuracy can be effectively improved when the initial 

backoff window sizes are large. The network performance 

can be characterized as explicit functions of backoff 

parameters, which will enable us to further reveal the 

complete picture on how to tune the backoff parameters for 
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Performance optimization of IEEE 802.11e EDCA 

networks. 

II. METHODOLOGY 

There has been a rich literature on modeling and 

performance evaluation for IEEE 802.11e EDCA 

networks[5]-[13]. Mostly discussed model for EDCA in the 

infrastructure mode where there are one AP and N stations. 

Each stations has multiple AC and each AC is under 

saturation conditions. Two dimension Markov chain model 

discuss two differentiation schemes: backoff window size 

differentiation and AIFS differentiation. 

A. Backoff Window Size Differentiation: 

The Bianchi model was extended in [13] by introducing the 

AC-dependent transmission and collision probabilities to 

evaluate the saturated throughput or delay performance of 

IEEE 802.11e EDCA networks with the backoff window 

size differentiation. Although it is widely observed that the 

node throughput of each AC may be improved by reducing 

its initial backoff window size, how to jointly tune the initial 

backoff window sizes to maximize the network throughput 

and achieve proportional node throughput among ACs turns 

out to be much more challenging. A great deal of efforts 

have been made to derive the optimal initial backoff window 

size CW . With binary exponential backoff, CW was 

obtained as a function of the optimal transmission and 

collision .No consensus was reached on the maximum 

network throughput .However, it steadily declines as the 

network size grows. 

B. AIFS Differentiation: 

To evaluate the effect of AIFS differentiation[13], the two 

dimensional Markov chain proposed in the Bianchi model 

has been refined by introducing AC-dependent backoff 

counting down probabilities  or an additional dimension  

according to the AIFS values, where an underlying 

assumption is that the backoff process of each node is time 

homogenous. With the AIFS differentiation, however, low 

priority ACs are prevented from accessing the channel 

during certain time periods, and thus ACs may experience 

distinct probabilities of collision among different time 

periods. To model the non-homogeneous backoff process, a 

zone approach was proposed in [5], where the channel slots 

are divided into several contention zones according to the 

AIFS values As the computational complexity sharply 

increases with the number of ACs, how to properly tune the 

AIFS values to achieve proportional node throughput among 

ACs and maximize the network throughput remains largely 

unknown. 

Most existing analytical models for IEEE 802.11e 

EDCA networks are extended from the Bianchi model by 

introducing AC-dependent and time-dependent system 

variables. The modeling complexity, nevertheless, 

dramatically increases as the number of ACs grows, 

rendering performance optimization extremely difficult, if 

not impossible, in many cases. As we mentioned in Section 

I, appropriate approximations are necessary to reach a good 

tradeoff between modeling complexity and accuracy. In the 

next section, a new analytical model for IEEE 802.11e 

EDCA networks will be established, which is an extension 

of the unified framework recently proposed for IEEE 802.11 

DCF networks . By assuming that each node follows an 

identical, independent and time- homogeneous backoff 

process with an identical steady-state probability of 

successful transmission, an explicit expression of the 

network steady-state point in saturated conditions can be 

obtained, which further enables the throughput optimization. 

III. MODELING EDCA  

Simulation model in OPNET [6] , findout differentiating 

initial window size is helpful to reduce collations and  

providing priorities and is better than intraframe space in 

terms of throughput and delay. 

Simulation model in ns-2 EDCF [7], checks 

behaviours of contention window and AIFS differentiation 

mechanisms.Under low load conditions contention window 

size provide efficient differention but as load increase low 

priority stations may be starved of bandwidth. 

AIFS differentiation will not sacrifice service 

provided to high priority AC when taxed by huge low 

priority traffic. 

Simulation model using ns-2 for new Admission 

Control Protocol considerably improves backoff freezing 

process  [8] by delay based CW size adaptation to improve 

QoS parameters. 

Simulation model in ns-2 with heterogeneous 

traffic and RTS/CTS mechanism is employed[9], with 

combined effect of AIFS ,  CWmin and CWmax , 

throughput is check with no of stations. 

Simulation model in ns-2 for EDCA, Qos 

parameter control algorithm [10] is used with contension 

window size and AIFS for diserd throughput. 

Simultion model in ns-2 for proposed EDCA 

model , 2 AC considered [11] , accurately captures the liner 

relationship between throughput and offered load under low 

load and limiting behaviour of throughput at saturation. 

Simulation model in ns-2 for DACKS for 

EDCA[12], captures throughput for DCF and EDCA with 

and without DACKS and check performance. 

Consider an N-node IEEE 802.11e EDCA network 

with AP and packet transmissions over a noiseless channe  

The detailed description of EDCA protocol can be found in 

[5]–[13], and is omitted here. AC g has n(g) nodes and each 

node in AC g has identical backoff parameters, including the 

initial backoff window size W(g), the cutoff phase K(g) and 

the AIFS number A(g), g = 1; :::;M.5 Throughout the paper, 

we use the superscript (g) to indicate the AC number. We 

also assume that AC 1 and AC M have the highest and 

lowest priority, respectively. 

In the following subsections,  

Packet payload   4096*8 bits 

MAC header  288 bits 

PHY header  136 bits 

ACK 112 bits + PHY header 

Channel Bit Rate  54 Mbit/s 

Slot Time 9_s 

SIFS 16_s 

DIFS 34_s 

Table 1: [13] System Parameter Setting 



Performance Optimization in Wireless LAN using EDCA 

 (IJSRD/Vol. 3/Issue 03/2015/075) 

 

 All rights reserved by www.ijsrd.com 302 

 
Fig. 1: Implementation of the Optimal Configuration in 

Practical IEEE 802.11e EDCA Networks [13]. 

 
Fig. 2: QoS Control Field Format in the MAC Header [13]. 

 
Fig. 3: EDCA Parameter Set Element Field Format in the 

Beacon Frame. [13] 

AC  Initial backoff 

window size W 
 Cutoff phase K 

1 (AC VO)            8 1 

2 (AC VI)            16 1 

3 (AC BE)           32 5 

4 (AC BK)          32 5 

Table 2: Default Setting Of Backoff Window Sizes in 

EDCA Standard [2] 

IV. EDCA DESIGN   

The analysis presented in [13]    important light on the 

practical network control and optimization for IEEE 802.11e 

EDCA networks. In the current EDCA standard [2], fixed 

backoff parameters are adopted, with which the network 

throughput steadily declines as the network size grows, and 

low-priority ACs tend to be starved. To achieve the 

maximum network throughput with pre-specified target 

ratios of node throughput of ACs, the backoff parameters 

need to be adaptively tuned according to the number of 

nodes of each AC. 

Fig. 1  further illustrates how to implement the 

optimal configuration in practical IEEE 802.11e EDCA 

networks. 

Specifically, as all the nodes communicate with the 

access point (AP), the number of nodes of each AC can be 

obtained by the AP through analyzing the MAC header of 

each frame. 

As Fig. 2 illustrates, the first four bits of the QoS 

control field of the MAC header of each frame sent by each 

node indicate which AC it belongs to. The AP can then keep 

track of the number of nodes of each AC accordingly, and 

calculate the optimal backoff parameters based on [8]. The 

optimal backoff parameters are broadcasted by the AP in the 

EDCA parameter set element field of the beacon frame 

periodically.  

As Fig. 3  illustrates, the 4-bit AIFSN subfield can 

be used to indicate the optimal AIFS number A(g) m of each 

AC. The 4-bit ECWmin subfield may represent log2W(g) m 

, and the 4-bit ECWmax subfield may indicate the cutoff 

phase K, the default value of which can be set as 16. Each 

node updates its backoff parameters upon receiving the 

beacon frame. We can see that compared to the current 

standard, no additional signaling is introduced when 

implementing the optimal configuration. The only overhead 

lies in the computation of the optimal backoff parameters, 

which is low as explicit expressions of the optimal backoff 

parameters are presented in [13] 

V. SIMULATION RESULTS 

All the simulations are conducted by using the ns-2 

simulator [2]-[8] , and the values of system parameters are 

summarized in Table III. 

Mostly throughput, delay, CW,TXOP,AISF are 

captured for performance optimization. 

Payload size           1000 bytes 

Phy header (include preamble) 192 bits 

Mac header (include CRC bits) 272 bits 

RTS frame    Phy header +160 bits 

CTS frame    Phy header +         112 bits 

CTS timeout    Phy header +      112 bits 

ACK timeout    DIFS + ACK 

Data rate   11 Mbps 

Short retry limit 7 

Long retry limit 4 

Time slot    20 micro sec 

SIFS     1 Time slots 

AIFS[AC_VO]  2 Time slots 

AIFS[AC_VI]   2 Time slots 

AIFS[AC_BE]  3 Time slots 

AIFS[AC_BK]  7 Time slots 

CW[AC_VO]   {7,15} 

CW[AC_VI]   {15,31} 

CW[AC_BE] {31,1023} 

CW[AC_BK] {31,1023} 

Table 3: Simulation Parameters 

VI. CONCLUSION 

In this paper, various  analytical models are discussed  for 

IEEE 802.11e EDCA networks. The EDCA is introduced in 

802.11e for QoS improvements over the original 802.11 

DCF. The understanding of how the EDCA parameters 

affect the performance of WLAN is a crucial prerequisite for 

the design of any QoS scheme using EDCA. One should be 

able to optimize the EDCF channel access by adapting the 

EDCF parameters including the TXOP limit during the run-

time depending on the network load and supported 

applications. The network steady-state operating point pA in 

saturated conditions is derived as a function of the backoff 

parameters including the initial backoff window size and the 

AIFS number of each AC, based on which explicit 

expressions of node throughput and network  throughput at 

pA are further obtained. The analysis shows that the ratio of 

node throughput of two ACs is exponential to their AIFS 

difference, but linear to the inverse ratio of their initial 
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backoff window sizes. It explains why it was widely 

observed that the AIFS differentiation is more effective than 

the backoff window. 
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