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ABSTRACT
With the continuing development of the wireless 
technologies (Wi-Fi, 3G, 4G, WiMax and Bluethooth), the 
study of wireless multimedia transmissions has gained 
lately more attention. For example, the expectations of the 
company leaders on the growth of Wi-Fi video traffic has 
updated the lines of research on the standard IEEE 
802.11e introduced to provide QoS (Quality of Service) to 
WLAN (Wireless LAN ) networks. In this paper we 
updated with greater accuracy, using other resources and 
the experience gained since the emergence of the standard, 
the work carried out previously on the quantitative impact 
of each EDCA (Enhanced Distributed Channel Access)
parameter on the overall performance of the mechanisms 
MAC. A quantitative analysis of the optimizations that can 
be achieved has been performed by simulation. We use a 
node model EDCA 802.11e with the tool Möbius of the 
University of Illinois, which supports an extension of SPN 
(Stochastic Petri Networks), known as HSAN 
(Hierarchical Stochastic Activity Networks), what favors 
the contrast with other tools or mathematical resources.
We use a realistic scenario formed by Wi-Fi stations with 
the capacity to transmit voice, video and best effort traffic.
The results show that the default setting of EDCA 
parameters is not optimal, and that with an appropriate 
selection, very significant improvements can be obtained.
Keywords: QoS, WLAN, EDCA 802.11e, MAC 
Parameters, Analysis of traffic.

1. INTRODUCTION
The services of wireless mobile data are on their way to 
meet the needs of many users on the network. The voice 
services with mobile devices are already considered as a 
necessity by most people. And the mobile devices for data 
services, video, and TV are rapidly becoming an essential 
part of the everyday life of consumers. The proliferation of 
handsets, laptops and tablets on mobile networks is a 
major traffic generator, because these devices offer the 
consumer content and applications not supported by 
previous generations of mobile devices. The projections 
for the next 5 years show a steady growth in the mobile 
video, despite macroeconomic conditions in many parts of 
the world. Because of that fact, the contents of mobile 
video have much higher bit rates than other types of 
mobile content, mobile video will generate much of the 
growth of future mobile traffic. It is expected for the 2018 
that 65% of the total wireless traffic will be associated 
with video applications [1].
Up until a few years ago, the Wi-Fi traffic was more 
general, and included light flows of voice traffic. The 
greatest burden of the video traffic will be a test for the 
standard EDCA IEEE 802.11e and the algorithms of 
admission control, to sustain the QoS requested by the 
user.
The principal contributions of this article are i) to specify a 
new research methodology that simulates Wi-Fi dynamics 

with conclusive quantitative results concerning its impact 
over a WLAN 802.11e network with QoS configured 
using default static parameters, ii) to demonstrate that the 
standard EDCA IEEE 802.11e mechanism using default 
static parameters provides traffic differentiation but it is 
possible to obtain higher performance with other static 
values, and iii) the contributions and conclusions made 
using an EDCA model with SPNs that complement, 
enrich, and facilitate comparison with precedents within 
Wi-Fi network knowledge obtained from pure trace 
collection or other types of analytical studies and 
modelling using mathematical tools for different real and 
hypothetical contexts. 
Researchers and the industry could use these data for their 
proposals to algorithms of tuning and for manual 
adjustments of the parameters in the EDCA devices that 
have this capacity available. Actually, some products with 
certification EDCA/WMM (Wi-Fi MultiMedia) allow the 
user to change the default values of the parameters.
The rest of this document is structured as follows. Section 
2 provides a general view of the EDCA 802.11e standard. 
Section 3 presents the commercial deployment of the 
standard IEEE 802.11e EDCA. Section 4 describes the Wi-
Fi station model built with HSANs and simulation 
scenarios defined for experimental evaluation. Section 5
gives the impact of the EDCA parameter on the relative 
performance. Section 6 describes a case study that 
compares the relative performance of the traffic using the 
default parameters  with enhancement settings. Section 7
summarizes the most significant conclusions.

2. BRIEF DESCRIPTION OF EDCA 802.11e
DCF and PCF in 802.11
The DCF (Distributed Coordination Function) 802.11 only 
provides the best-effort service [2]. As indicated 
previously, multimedia and real-time applications limited 
in time require certain guarantees. In DCF, all stations are 
competing for the channel with the same priority. There is 
no mechanism of differentiation to provide better service 
for multimedia traffic or real-time with regard to the 
application of common data. Although PCF (Point 
Coordination Function) 802.11 was designed to support 
multimedia applications limited in time, it presents 
problems which lead to a poor performance of QoS. This 
is due to the fact that PCF only defined a scheduling 
algorithm of round-robin for simple class or category of 
traffic, and several QoS requirements cannot be 
manipulated. On the other hand, a common problem of 
QoS, both for DCF and PCF, is that they do not specify 
any mechanism of admission control. When the traffic 
load is very high, the performance of both functions is 
degraded.

EDCA in 802.11e
The QoS limitations in DCF motivated many research 
efforts to improve MAC performance. For 802.11e, a new 
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function has been proposed for MAC layer, known as 
Hybrid Coordination Function (HCF) [2] (Figure 1). HCF 
uses a contention-based channel access method, also 
known as Enhanced Distributed Channel Access (EDCA), 
which operates concurrently with a polling-based, HCF-
controlled channel access method (HCCA). The access 
point (AP) and the stations (STAs) using QoS facilities are 
called QoS-enhanced AP (QAP) and QoS-enhanced STAs 
(QSTAs), respectively. 

Fig. 1 MAC Architecture

The optimization process of QoS of EDCA is based on a 
generalization of contention-based DCF. Initially
heterogeneous traffic reaches the MAC layer including 
voice, video, best effort, background and they are mapped 
to the corresponding Access Categories (ACs). In the 
MAC layer  there are 4 queues, one for each AC, which 
receive the packets according to a specific priority of 
upper layer. Each AC acts as a separate DCF entity 
competing according to its own contention parameters 
(CWmin[AC], CWmax[AC], AIFS[AC] and 
TXOPLimit[AC]). Each AC maintains a contention 
window size variable (CW), which is initialized to 
CWmin. The CW is incremented after transmission 
failures until it reaches CWmax, and is reset to CWmin 
after a successful transmission. The maximum allowed 
duration for each acquired transmission opportunity is 
determined by TXOP limit. Once a station acquires a 
transmission opportunity, it may transmit multiple frames 
within the assigned TXOP limit. Assigning different 
TXOP values to ACs, therefore, achieves differential 
airtime allocations. To achieve differentiation in EDCA, 
instead of using fixed DIFS (Distributed Interframe Space)  
as in the DCF, an AIFS (arbitrary IFS) is applied (Figure 
2), where the AIFS for a given AC is determined by the 
following equation:

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

where AIFSN is AIFS number and determined by the AC 
and physical settings, SlotTime is the duration of a time 
slot, and  SIFS is the  Short Inter-Frame Space of DCF. 
The highest priority will be given to the AC with the 
smallest AIFS.  
In general, smaller values of CWmin[AC], CWmax[AC], 
AIFS[AC], shorter delays of channel access to the 
corresponding AC, and the higher the priority for access to 
he medium. And to larger values of TXOP[AC], more 
time to retain the channel corresponding to the AC.
A contention-based mechanism for admission control is 
also suggested for 802.11e, which calls for both QAP and 
QSTA support.

Fig. 2 IFS Relationships

3. DEPLOYMET ASPECTS OF EDCA 802.11e
There are commercial products that implement some 
features of EDCA so common, although the adoption of 
802.11e is still not complete and with some years of 
experience in the voice traffic, but little mature using 
video. As with several standards, and due to the fact that 
there are optional components and suggestions of 
implementation, some manufacturers solve their own 
evolution of QoS in WLANs with proprietary alternatives 
and in their high-end devices. As a first step agreed, 
groups of industries (such as the Wi-Fi Alliance) and 
industry leaders defined in 2004 the fundamental 
requirements of the WLAN QoS through its EDCA/WMM 
( Wi-Fi MultiMedia) [3-5], securing the support of the key 
features and interoperation through its certification 
programs. The APs and network boards are commercially 
available under the name WMM.
In WMM the mapping of categories of services given by 
ToS (Type of Service) or DS (Differentiated Services) of 
the IP header, or by CoS (Class of Service) of standard 
VLANs 802.1Q, is used with EDCA 802.11e. Some low-
cost products only support the empowerment of the WMM 
QoS service. In this way, the AP is configured with the 
default EDCA IEEE 802.11e parameters. In a 
complementary manner, with proprietary solutions, some 
manufacturers allow the manual configuration of the 
EDCA parameters, in the lines of advanced wireless 
products [6].
On this basis, the natural evolution in this field of study 
has been and still is to analyze the mechanisms of 
inclusion of enhanced Admission Control Algorithms in 
order to ensure the stability of the system. Precisely, and 
even though the signalling messages required to support 
the procedure of admission control are defined in the 
802.11e standard, the rules of admission are still open.
In this way, it is noted that the latest versions of 802.11e 
and some commercial equipment allow a basic mechanism 
of update of the EDCA parameter, before any changes 
could be determined in the network. This implies a greater 
ease at the time of the effective implementation of the 
improvements that decided to run the network 
administrator using these configurations as variables of the 
Wi-Fi system. The optimization of the EDCA parameters
is a simple and effective mechanism to increase the 
capacity of handling simultaneous heterogeneous traffic 
and with certain restrictions of QoS, and therefore to use 
less APs by quantity of STAs, allowing the reduction of 
costs for equipment.

4. MODEL AND SIMULATION SCENARIOS
Since the appearance of the standard EDCA IEEE 802.11e 
EDCA, the analysis of its behavior has generated 
extensive research work. In terms of assessing the EDCA 
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parameter, there are some most relevant contributions. In 
[7] the Authors study the behavior of the EDCA 
parameter. The work confirmed the ability of 
differentiation of the standard EDCA IEEE 802.11e, when 
in the experimental scenario there are also stations that run 
on DCF. Unfortunately, for the development of that study 
it was assumed that each EDCA station has a simple AC, 
and therefore, a single traffic, which prevented to analyze 
the interference between different types of flows, and as a 
result, the virtual collisions that can incur at the same 
station could not be taken into account. In addition, 
measurements of performance were conducted in 
conditions of saturation, i.e. at a particular operational 
condition, limiting the accuracy of the results and the 
quality of the conclusions. While in [8] the Authors 
present a study of the behavior of the parameters in a 
scenario that uses a mixture of voice traffic, video, best 
effort, and background. For the simulations they used the 
simulator Opnet Modeler [9]. As in the previous case, the 
scenario did not include sources of interference and/or 
error. In order to overtake the above limitations, in this 
paper we model the standard in its entirety, we resolve 
some inconsistencies, eliminate the simplifications, and 
we include interference and a scenario of frequent use by 
researchers at the EDCA standard. The modeling of each 
Wi-Fi station is conducted with Petri Nets which favors 
the comparison with the contributions of the authors that 
use other simulators. The work [8] has been taken as a 
reference in terms of the methodological aspects, by 
varying the parameters EDCA on a subset of values.

Experimental Model
To experimentally evaluate the function of the EDCA 
802.11e mechanism, a simulation model is adopted that 
uses Hierarchical Stochastic Activity Networks (HSAN)
[10-11] executed on a Möbius simulator [12] (Figure 3 y 
4). HSANs are a variety of Stochastic Petri Nets (SPNs). 
This model comprises a precise and detailed EDCA 
implementation function associated with QoS stations, 
considering both functional and temporal perspectives. 
Several international authors have sufficiently validated
the model in the literature [13-19]. From the modelling 
perspective, the model also shows significant flexibility in 
the following aspects: ease of including modifications or 
refinements, many different performance metrics may be 
obtained without structural modifications, and it may be 
used as a base structure for building more complex and 
higher-order models. To avoid the process of building a 
network model for each simulation scenario, an important 
advantage is that the adopted model represents a simple
QoS-supporting station. This model is later replicated to 
obtain the required simulation scenario. The user 
parameterises the number of replications, which the 
Möbius modelling tool completely automates. This tool 
provides significant flexibility in the evaluation process, 
including a faster analysis of different network scenarios. 

Experimental scenario
The experimentation scenario includes an error model, 
which is a variation of the Gilbert-Elliot error model [20].
An average bit error rate (BER) of 10-4 was used as was 
the steady state probability of encountering the channel in 
interference at 13.3%. It considers traffic generated by 
stations operating on the same frequency bands while 
varying the load by increasing the number of active 
stations from 1 to 20, as in Figure 5.

Fig. 3 Partial view of the model on the interface 
of the Project Editor of Möbius

Fig. 4 Partial view of the model on the interface of the 
Möbius strip Study Editor

Our analysis used general 802.11a parameters at 36 Mbps 
and default EDCA configuration [1]. Stations were 
configured for the transmission of three different traffic 
types: an isochronic voice steam with fixed periods of 20 
ms, a video stream with Poisson distribution, and a best 
effort stream with Pareto distribution [21-24] and 1.9 
shape parameter (with average throughput equivalent to 
the Poisson distribution). The Table 1 shows all 
parameters and configuration values. 
This scenario was chosen to assess the behaviour of the 
highest access categories (voice and video) in the EDCA 
mechanism when these categories interact with best effort 
traffic sources. All experimental simulations are obtained 
using the previously described EDCA model with a 
confidence interval of 95% and a precision of 5%.
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Fig. 5 Representation of Scenario  
using the Möbius tool

Voice Video Best Effort
AIFSN 2 2 3
CWmin 3 7 15
CWmax 7 15 1023
TXOP 1504 ms 3008 ms --
Packet 160 bytes 1280 bytes 1500 bytes
Rate 64 Kbps 640 Kbps 1024 Kbps

16 μ
4μ
50
7

1.10-4

Rate 803.11a 
aSIFSTime 
aSlotTime 
ACCATime 

Maximun size of queue
N°max retries
BERaverage 

aRxTxTuranroundTime 
aPreambleLenght 
aPLCPHeaderLenght 

2 μs
aAirPropagationTime 1 μs 

36 Mbps
16 μs
9 μs
4 μs 

Table 1 802.11 parameters in 36 Mpbs and default EDCA 
used in the experiment

Measured performance metrics are absolute or direct 
performance, relative performance, packet loss, average 
delay of queue, and average queue size.

5. IMPACT OF EDCA PARAMETERS IN 
RELATIVE PERFORMANCE

Using the characteristics of the traffic generated by the 
stations STA and the configuration 802.11a in 36 Mbps, it 
was proceeded to assess the relative performance varying 
each one of the parameters of service differentiation:
AIFSN, CWmin, CWmax and TXOP. These tests were 
carried out in a hop count of 4 on the number of stations, 
starting with 4, and following with 8, 16 and 20. These 
simplifications in the experimental simulations did not 
alter the quality of the conclusions. On the other hand, for 
the preliminary analysis a broader set of possible 
combinations of the parameters was used, although for the 
purposes of the exposure and representation in the figures, 
the more compelling and relevant curves have been 
selected.

Impact of AIFSN
Initially, the tests retained the configurations, using the 
default parameters of CWmin, TXOP and CWmax, but 
varying AIFSN. Figure 6 shows  the relative performance 
of voice traffic as function of different combinations of 

values of AIFSN. The AIFSN values in the graph 
correspond to voice, video, and best effort traffic, in that 
order. It is noted that the values 2-2-3, corresponding to 
the default configuration, produce the most negative 
behavior, leaving a loss of the voice relative performance 
in the order of 28% for 20 stations. In addition, it 
emphasizes that the provision of voice traffic has less loss 
when different values for voice and video traffic are 
assigned. This behaviour is expected when different 
AIFSN are used, to prioritize voice traffic on the video. 
For the 2-3-5 values the loss is reduced to 15 %, and with 
2-4-6 to 11 %.

Fig. 6 Relative performance of voice traffic as function of 
different configurations of the AIFSN

Figure 7 shows the relative performance of the video 
traffic based on the same combinations used for voice 
traffic. The video traffic is less influenced than voice 
traffic. It is noted again that the values 2-2-3, 
corresponding to the default configuration, produce the 
most negative behavior, with a loss of video performance 
in the order of 18 %. For the 2-3-5 values the loss is 
reduced to 5 %, and with the 2-4-6 to 2 %.
In conclusion, moving away the best effort traffic AIFSN 
value from the video traffic one, and also this one from 
that of voice traffic, leads to a better voice and video 
traffic behavior.

Fig. 7 Relative performance of video traffic as function of 
different configurations of the AIFSN parameter

Finally, Figure 8 presents the relative performance of best
effort traffic. It should be noted that this traffic is  
practically not influenced when the settings of AIFSN
change. In either case, the relative performance drops 30% 
with 12 stations, 75% with 16, and above 90% with 20.
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Fig. 8 Relative performance of best effort traffic as
function of different configurations of the AIFSN 

parameter

Impact of CWmin
For experimental trials of CWmin, we used the default 
settings by TXOP and CWmax, varying CWmin and 
adopting the values 2-3-5 of AIFSN. It was noted that the 
voice traffic and best effort had similar behavior, 
regardless of the values of CWmin.
Figure 9 shows the relative performance of the video 
traffic. This traffic is less influenced by CWmin than that 
of AIFSN. It is noted again that the values 3-7-15,
corresponding to the configuration by default, produce the 
worst behavior, with a loss of video performance in the 
order of 5 %. For the values 7-31-63 the loss is reduced to 
a little more than 3 %.
In conclusion, moving away the best effort traffic CWmin
value from the video traffic one, and also this one from 
that of voice traffic, leads to a better video traffic 
behavior. Then, voice traffic can be promoted by 
increasing the CWmin of the rest of traffic.

Fig. 9 Relative performance of video traffic as function of 
different configurations of the CWmin parameter

Impact of CWmax 
In the case of the experimental trials of CWmax, we 
retained the initial configurations of TXOP, but varying 
CWmax and adopting the values 2-3-5 for AIFSN and 7-
31-63 for CWmin. It was noted that the video and best 
effort traffic had similar behavior, regardless of the values 
of CWmax.
Figure 10 shows the relative performance of the voice 
traffic. This traffic is less influenced by CWmax than by 
AIFSN. It is noted that the values 15-63-1023 produced 

the most negative behavior, with a loss of voice 
performance in the order of 2.5 %. For the values 31-63-
1023 the loss is reduced to a little over 1 %. And for 31-
127-1023 a little more than 0.8 %. We can conclude that 
there is a better behavior of voice traffic when the value of 
CWmax of the best effort traffic moves away from the 
video CWmax, and this from the CWmax for voice traffic. 
That is, voice traffic can be slightly favoured by an
increase in the CWmax of the rest of the traffic.

Fig. 10 Relative performance of voice traffic as function 
of different configurations of the CWmax parameter

Impact of TXOP
Finally, experimental testing the TXOP was analyzed. For 
this parameter we used the following encoding: the value 
TXOP=1 should be considered equal to TXOP=1,504 ms, 
and proportionately for the other values. Modified TXOP, 
but adopting the values of 2-3-5 for AIFSN, 7-31-63 for 
CWmin and 31-63-1023 for CWmax. It was noted that the 
relative performance of video traffic had similar behavior, 
regardless of the values of TXOP. When evaluating the 
behavior of voice and best effort traffic, note that the 
TXOP affects less than the AIFSN parameter.
Figure 11 shows the relative performance of the voice 
traffic. It is noted that the values 1-2-0, corresponding to 
the configuration by default, produce the best behavior 
causing a performance loss of voice in the order of 0.5 % 
for 20 stations. For the values 1-4-6 the loss extends to 1.3 
%, and with the values 1-10-10 to 1.4 %.

Fig. 11 Relative Performance of voice traffic as function of 
different configurations of the TXOP parameter

Figure 12 shows the relative performance of best effort 
traffic. In this case, the values of the default configuration 
1-2-0 produce the worst-case behavior, causing a 
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performance loss of best-effort in the order of 90 % to 20 
stations, and always below from 8 station for the other 
configurations of TXOP. These others settings have a 
similar behavior with a loss of 80 %

Fig. 12 Relative performance of best effort traffic as
function of different configurations of the TXOP parameter

6. COMPARISON OF THE PARAMETERS BY 
DEFAULT WITH ENHANCEMENT SETTINGS 

From the analysis of the differential impact of each EDCA  
parameter, we carried out a comparison of the network 
behavior using the default parameters versus the other 
ones, selected to achieve a better performance. These new 
parameters were the so-called enhancement settings 
because they showed a better overall network performance
than the default ones. We preserved the general 
configurations of 802.11a in 36 Mbps and the types of 
traffic used in the experiments described previously. Table 
2 presents the enhancement settings adopted for the test.

Voice Video Best Effort
AIFSN 2 3 5
CWmin 7 31 63
CWmax 31 63 1023
TXOP 1,504 ms 15,040 ms 15,040 ms
Packet 160 bytes 1280 bytes 1500 bytes
Rate 64 Kbps 640 Kbps 1024 Kbps

Table 2 Enhancement Parameters adopted for the test

In Figures 13, 14 and 15 the comparisons of the flows of 
voice, video and best-effort performance are depicted,
configured with the default parameters and with the 
enhancement parameters.
The voice traffic with the enhancement reaches a
maximum of 1.26 Mbps for 20 stations, with an 
improvement of 36.62 %. While video traffic reaches a 
maximum of 13.030 Mbps for 20 stations, improving in 
20.03 %. Finally, the best effort traffic reaches a peak of 
12.22 Mbps for 12 stations from where the performance 
falls down. It reaches an improvement of 18.87 % in the 
maximum performance.

7. CONCLUSIONS
This study used simulation model variants built with 
HSANs to evaluate EDCA 802.11e protocol conditions for 
supporting QoS in 802.11a scenarios at 36 Mbps. 
Scenarios included diverse traffic, electromagnetic 
interferences, and considered traffic interactions with 
different priorities. 
In this context and for all proposed scenarios  metrics were 
exhaustively analysed for direct and relative performance,

queue size, delay of queue, queue loss, and collision. For 
the sake of brevity, we discussed the relative performance.

Fig. 13 Comparison of the performance in Mbps of voice 
traffic with default and enhancement parameters

Fig. 14 Comparison of the performance in Mbps of video 
traffic with default and enhancement parameters

Fig. 15 Comparison of the performance in Mbps of best 
effort traffic with default and enhancement parameters

The results obtained show that the values of the default 
parameters are not the ones that provide the best 
performance. Also that AIFSN parameter has a
significantly more important impact than other parameters
for ensuring QoS. In addition, we observed the 
convenience of assigning a different AIFSN value for 
voice, video, and best-effort traffic. In general, we suggest 
to separate the AIFSN, CWmin and CWmax values of the 
best effort traffic from those used for video traffic, and 
these ones from those used for voice traffic. And finally, a
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particular interest has the opposite effect that the value of 
the TXOPs has in the system performance. Larger values
of TXOP, especially for video and best effort traffic, will 
produce improvements in their performance. On the 
contrary, the voice traffic falls down when using higher 
values of TXOP for the rest of the traffic.
It has been proven that with an appropriate selection of 
EDCA parameters, significant improvements for each 
individual traffic and overall network performance can be 
achieved. For example, to the setting used, voice traffic 
increases by 36 %, the video traffic by 20% and the best 
effort by 19 %. For the whole network, we got an 
improvement of 25% in performance with respect to the 
use of the default parameters.
The industry could use these data for manual adjustments 
of the parameters in the EDCA devices that have this 
capacity available. Some products with certification 
EDCA/WMM (Wi-Fi MultiMedia) allow to change the 
default values of CWmin, TXOP and CWmax. The 
information could also be used by the researchers that 
apply in its proposals static values of the EDCA
parameters or for rapid convergence of their tuning 
algorithms [25]. These algorithms, which take into 
account the dynamic state of the system and experience,
always work in points of improvement, they set the EDCA 
parameter to new values, ignoring the random changes in 
the Wi-Fi and all types of traffic present, as opposed to 
maintain the static values by default.
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