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Abstract

Recently a great amount of work in the research commu-
nity has been focused on the support of multimedia traffic
over wireless networks, which are known not to be specifi-
cally designed to support time sensitive applications. This
study’s primary objective is to analyze the behaviour of
802.11e differentiation mechanisms in heterogeneous traffic
scenarios, when data and multimedia traffic sources share
the access to the wireless medium. Secondarily, our aim is
to provide some specific feedbacks in terms of MAC param-
eter settings in order to both ensure the QoS needs of multi-
media stations and simultaneously optimize the overall sys-
tem performance. To do that, an object oriented C++ sim-
ulator, which simulates the IEEE 802.11e MAC behaviour,
has been developed. Simulation results show that it is pos-
sible to find specific MAC parameter configurations for dif-
ferent traffic patterns both to probabilistically provide delay
guarantees for time-sensitive applications and simultane-
ously to maximize performance for backlogged (and non-
prioritized) data traffic1.

1. Introduction

Nowadays the IEEE 802.11 [1] represents the most ex-
ploited protocol for the deployment of Wireless LANs
(WLANs). The reason is that the 802.11 Wireless tech-
nology is able to provide cheap, mobile and easy to de-
ploy network connectivity. However, the growth in the de-
mand of multimedia applications such as real-time voice,
audio and video, has evidenced the limitations of the 802.11
protocol in terms of QoS support. Time-sensitive applica-
tions require strict QoS guarantees in terms of delay, jit-
ter and bandwidth which basically the DCF 802.11 mech-
anism isn’t able to provide. The 802.11 MAC in fact was

1The work reported in this paper was partially supported by the Italian
Research Program PRIMO.

AC CWmin CWmax AIFSN
AC BK aCWmin aCWmax 7
AC BE aCWmin aCWmax 3
AC V I aCWmin/2 aCWmin 2
AC V O aCWmin/4 aCWmin/2 2

Table 1. EDCA default settings

not originally designed to support service differentiation.
Nonetheless, the capability of supporting multimedia appli-
cations within 802.11 wireless environments will represent
the key for the success of such technology in the next future.
To overcome and then fill the lack of QoS support in the
802.11 MAC, the IEEE 802.11 working group has formed
the task group E with the aim to introduce prioritized access
mechanisms within the 802.11 context. The final version
of the 802.11e standard [2] is expected for the end of the
2004/beginning of 2005. The 802.11e proposal introduces
a new function called HCF (Hybrid Coordination Function)
which basically extends the mandatory Distributed Coordi-
nation Function (DCF) and the optional Point Coordination
Function (PCF) of the 802.11 MAC layer, while maintain-
ing backward compatibility with the basic DCF/PCF access
schemes. Based on them, the HCF respectively provides
both a contention-based channel access mechanism and a
controlled channel access one. The former is known as En-
hanced Distributed Channel Access (EDCA) and is based
on the introduction of unfairness in the channel access prob-
ability.

The latter is known as HCF Controlled Channel Access
(HCCA) and enhances the 802.11 PCF mechanism. It pro-
vides a deterministic support of the QoS by opportunely
scheduling the prioritized traffic needs of the requiring QoS
stations in both the Contention Periods (CPs) and Contetion
Free Periods (CFPs).

In this work we exclusively deal with the EDCA mech-
anism, referring to an heterogeneous data/real-time traf-
fic scenario. We face the problem of resource reparti-
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tion among stations with different requirements in terms of
bandwidth and delays. We show that the best way to obtain
service differentiation and contemporaneously maximize
the overall system performance is represented by the joined
utilization of the backoff and inter-frame spacing MAC pa-
rameters. The rest of the paper is organized as follows: in
section 2 we discuss some significant research works about
the 802.11e service differentiation mechanisms; in section
3 a brief overview of the EDCA mechanism is provided; in
section 4 performance results about coexistence among high
priority and low priority stations as well as EDCA MAC
parameter tuning issues are discussed. Finally, in section 5
some conclusion are drawn.

2. Related Work

A large amount of work on service differentiation via
distributed mechanisms has been carried out starting from
2000. Two different point of views have been considered for
the analysis of the EDCA QoS support: the global perspec-
tive of the application layer and the partial perspective of the
MAC layer itself. About the first issue, the most compre-
hensive overview of the various complementary as well as
mutually alternative mechanisms for service differentiation
in 802.11 appears to be in the technical report [5], which
also addresses the performance evaluation of a subset of the
considered mechanisms. Another comparative performance
evaluation, although for a limited number of proposals can
be found in [6]. Schemes based on the differentiation of
one or more of the CWmin, CWmax and IFS parameters
have been considered in [7] (which focus on differentiated
CWs) and in [8, 9, 10] (which - additionally - focus on
differentiated IFS). Specific work on performance evalua-
tion of EDCA, modeled with all the details defined in the
802.11e draft standard, can be found in [11, 12, 13, 14] and
in [15], which analyze the performance effectiveness of the
802.11e mechanisms in various traffic patterns. Finally, re-
garding the integration of the service differentiation mech-
anisms with transport layers, it is worth to mention [21],
which tackles the problem of the reduction of the service
differentiation due to the absence of priority in the TCP-
ACKs. Pioneering work dealing with the usage of service
differentiation mechanisms to provide coexistence of over-
lapping BSS can be found in [22, 23].

About the second issue, adaptive setting of CW to
achieve better MAC layer performance is considered in [20]
and [16], which proposes an adaptive algorithm to dynam-
ically re-calculate the CWmin value accordingly with the
specific traffic class and the changes of the network load.
[17] also discusses the problem of supporting a distributed
admission control rule on top of an enhanced version of
DCF (they use different CWs), via the definition of a Vir-
tual MAC algorithm, that passively monitors the radio chan-

nel and estimates the service levels available, plus a Vir-
tual Source algorithm that used the above mentioned algo-
rithm to adapt application parameters to the radio channel
conditions. Work related to distributed and adaptive traffic
scheduling can be found in [18, 19]. Both papers deal with
distributed scheduling, which is a mean to provide service
differentiation as well as overall network efficiency advan-
tages.

We focus on this second aspect, i.e. on the MAC layer
performance analysis for different EDCA parameters, by
roughly modeling higher layers as simple MAC Service
Data Unit (MSDU) sources. Previous papers faced this
problem in the case of saturated traffic sources, i.e. assum-
ing that all the stations are always in the contending state.
Indeed, we considered a particular traffic scenario, in which
saturated stations share the bandwidth with low-rate not sat-
urated stations. As we detail in the next station, this sce-
nario can model the interaction of data and real-time traffic
sources.

3. Enhanced Distributed Channel Access

The IEEE 802.11 channel access protocol is fair in terms
of access probability. This means that each station has
the same probability to win the contention and, in long
term, obtains the same number of channel access (i.e.,
packet transmissions). This feature is often referred as
”throughput-fairness”, where the throughput here is defined
in terms of packets/s. Several mechanisms are currently de-
bated in order to alter the throughput-fairness property of
the DCF. The EDCA proposal of the IEEE 802.11e Task
Group is devised to differentiate the channel access prob-
ability among different traffic sources. The mechanism is
designed to manage 8 different traffic priorities. The packet
priority represents the quality of service defined at higher
layers. Packets arriving to the MAC (Mac Service Data
Units MSDUs) are then mapped into four different access
categories (ACs), which represent four different levels of
service for the contention to the shared medium. Basically,
each AC contends to the medium with the same rules of
standard DCF, i.e., wait until the channel is idle for a given
amount of silence time, and then access/retry following ex-
ponential backoff rules. The access probability differen-
tiation is provided by means of different silence monitor-
ing times (namely, Arbitration Inter-Frame Space AIFS) in-
stead of the constant DIFS, and different values for the mini-
mum/maximum contention windows for the backoff extrac-
tions. Then, each AC is specified by the valuesAIFS[AC],
CWmin[AC], and CWmax[AC]. The AIFS[AC] values
differ each one for an integer number of backoff slots. In
particular, AIFS[AC] = AIFSN [AC] · aSlotT ime +
aSIFST ime, where AIFSN [AC] is an integer greater
than 1 for normal stations and greater than 0 for APs. Table
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Figure 1. Throughput vs. different Data Sta-
tions AIFSN settings

1 shows the default values of the channel access parame-
ters defined in EDCA for each AC. In each beacon frame,
the AP broadcasts the values of these parameters chosen for
each AC. In fact, they can be dynamically adapted accord-
ing to the network conditions. Obviously, the smaller the
AIFSN [AC] and the CWmin[AC], the higher is the prob-
ability to win the contention with the other ACs. Separate
queues are maintained in each station for different ACs and
each one behaves as a single enhanced DCF contending en-
tity. When more than one AC of the same station expires its
backoff counter, a virtual collision occurs and highest pri-
ority packet among the colliding ones is selected for actual
transmission on the radio channel.

Once a station wins the contention and starts its trans-
mission grant, EDCA also specifies new channel utilization
operations based on the concept of transmission opportu-
nity (TXOP), which represents a time interval in which the
station is authorized to hold the channel. Since this mech-
anism can also be disenabled, in the following we do not
consider specifically the TXOP feature.

4. Differentiation Mechanisms Analysis with
Heterogeneous Sources

The EDCA access mechanism faces the problem of
channel access differentiation in a completely distributed
manner. This implies that no form of QoS guarantee can
be provided. Here differentiated access priority means that
a station is given a greater probability to gain a transmis-
sion opportunity respect to other stations contending the ac-
cess to the shared channel. As we said before, the MAC
parameter differentiations produces the loss of access fair-
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Figure 2. Real-Time stations Delay vs. differ-
ent Data Stations AIFSN settings

ness to the channel, and introduces differentiated bandwidth
repartition and service delays among the contending sta-
tions. However, it is to be remarked that just differentiating
the MAC payload size of the contending stations allows to
easily manage the bandwidth repartition among the traffic
classes, as it is shown in [16]. Nonetheless such mechanism
does not account for the service delay differentiation, thus
showing that further differentiation mechanisms have to be
necessarily considered in order to meet the QoS needs of
certain traffic patterns.

In this section we analyze the effectiveness of the pro-
posed EDCA differentiation mechanisms in order to dis-
cover their capabilities to meet the bandwidth and delay
requirements of heterogeneous applications. Our results
are based on simulations. We developed an object-oriented
event-driven C++ simulator, where we implemented all the
described EDCA access features. Such simulator has been
recently cross-validated with other 802.11 simulation pro-
grams developed on top of the NS-2 simulator [3] and an-
alytical models [4] available in the scientific community.
We have chosen a physical layer parameters configuration
compliant with the 802.11b 11 Mbps operation mode. This
assumption is not limitative, and the final considerations we
have drawn are obviously applicable to other PHY configu-
rations (802.11a and 802.11g).

4.1. Traffic Scenario

We assume that in each station a single application is
running. This corresponds to have only one MAC layer
queue and one AC for each station. Two different types
of MSDU sources are considered: long packet saturated
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Figure 3. Throughput vs. different Data Sta-
tions CWmin settings

sources, (i.e. sources which make the MAC layer queue
never empty) and short packet low-rate sources (i.e. sources
with the packet arrival rate lower than the packet service
rate). In the following, a station employing the saturated
source is called data station, since this type of source corre-
sponds to a data transfer application model. A station em-
ploying the low-rate source is called real-time station, since
this type of source corresponds to a voice-like application
model. Two difference performance figures result signifi-
cant for the two different traffic sources. For the data ap-
plication, the requirement is the minimization of the overall
data transfer time and then the maximization of the granted
bandwidth; for the real-time application, the requirement is
a constraint on the maximum tolerable packet delivery de-
lay. These two different requirements imply two different
channel access Operations, which correspond to two differ-
ent opportune EDCA parameter settings.

In order to give priority to delay sensitive traffic (real-
time) over the data traffic, we exclusively consider AIFS-
based and CWmin-based differentiation schemes. Specifi-
cally, we give higher inter frame times and contention win-
dow values to the data stations, thus allowing very quick
contention resolutions for real-time active stations. We only
focus on these two mechanisms because of their major ef-
fectiveness in providing service differentiation with respect
to other differentiation mechanisms such as the CWmax,
Persistence Factor (PF ) (which has not been anymore con-
sidered since the version 5.0 of the 802.11e draft). In par-
ticular, it is intuitive to comprehend that CWmax-based dif-
ferentiation mechanisms, together with PF -based ones, are
able to provide an acceptable level of service differentiation
only when the collision probability results very high [16].
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ent Data Stations CWmin settings

In the following, we describe three different simulation
scenarios, which respectively analyze the AIFSN -only
based differentiation mechanism, the CWmin-only based
differentiation mechanism and finally the joined utilization
of both of the two differentiation schemes.

4.2. AIFSN-based differentiation

We consider a fixed number of 10 real-time stations.
The real-time sources generate equal length short packets
(80 bytes) at the rate of 32 Kbps. For this settings, at the
data rate of 11 Mbps, the system capacity is much higher
than the real-time offered load and, even for very short
[CWmin, CWmax] ranges, collisions are very rare. Thus,
we assume that the real-time traffic is mapped to the default
AC VO access parameters (see table 1). A varying number
of N data stations, employing the maximum 11 Mbps data
rate, share the medium with the real-time stations. The data
sources generate equal length long packets (1500 bytes) and
work in saturation conditions. Data traffic is mapped to the
AC BE access category. The corresponding CWmin value
is set to 32, while the AIFSN settings is considered as a
simulation parameter.

Fig. 1 reports the throughput of AC VO stations (curves
in the bottom of the figure) and the throughput of data sta-
tions (the curves on top of the figure). The curves are
all parameterized according to the number of data stations.
From the figure, we notice that the AC VO MAC param-
eters configuration for delay-sensitive stations allows for
them to drain all the offered traffic, independently from the
number of contending data stations. Also we notice that
the throughput curves of data stations are almost parallel,
and their behaviour is substantially constant starting from
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AIFSN values greater than 3. Looking at the AC VO de-
lay performance in Fig. 2, we see that just one slot of differ-
entiation (i.e. AIFSN equal to 3), drastically reduces the
delays to few milliseconds. Finally, we notice how, as the
AIFSN differentiation increases, such curves tends to be
more and more clustered towards a limit value.

We can conclude that the AC BEAIFSN setting can be
a control parameter for the real-time delays. A single time
slot of difference in the inter-frame spaces is sufficient to
reduce such delays under 10 ms in all the considered load
cases and, as the AIFSN setting of the data stations in-
creases, delay performance is less and less dependent on
the data congestion state. Moreover, the AIFSN incre-
ment has no remarkable effect on the data throughput.

4.3. CWmin-based differentiation

We consider the same network scenario described in the
previous section (i.e., 10 real-time stations which share the
medium with N data stations) and the same source settings
(i.e., 80 bytes packets at 32 kbps and 1500 bytes packets
in saturation). In this case, we assume that the AC BE
AIFSN setting is fixed to 3 and

we vary the CWmin values. Fig. 3 shows that, for each
considered CWmin value, the throughput of the real-time
traffic results equal to the offered load. From Fig. 4 we see
that also the CWmin parameter works as a control parame-
ter on the AC VO delays. In fact, as the CWmin grows, the
delivery delay for real-time stations decreases as a result of
the reduction of the channel access probability experienced
by data stations. Note that, the number of data stations af-
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fects the real-time delay performance even in the case of
very largeCWmin setting. What substantially differentiates
the CWmin-based control from the AIFSN − based con-
trol, is the effect on the data throughput. In fact, from Fig. 3
we also see that data throughput is strongly affected by the
CWmin setting and, in particular, it results maximized (al-
most 3.65 Mbps) for a given CWmin value, which depends
on the number of competing stations N . This implies that,
according to the specific real-time delay requirements, the
data stations throughput can be significantly degraded. For
example, in the case of 5 data stations, a delay constraint
of almost 1 ms, corresponds to an AC BE CWmin value
equal to 512, which in turns reduced to 2.7 Mbps the data
throughput.

4.4. Joined AIFSN/CWmin differentiation

Previous considerations allow to conclude that the best
possible AC BE settings should be based on an opportune
tuning of both the parameters AIFSN and CWmin. If
the AIFSN setting satisfies the real-time delay require-
ment for the case CWmin = 32, it is clear that higher
values of CWmin can only improve the real-time perfor-
mance (since the data station access probability is further
reduced). Thus, the CWmin value can be considered as
an optimization parameter for the data throughput. Fig. 5
shows the data throughput performance, in the case of 10
data stations and 10 real-time stations, as the CWmin value
changes, for differentAIFSN values. In the figure it is ev-
ident that the optimum AC BE CWmin value results func-
tion of the AC BE AIFSN value. For example, in the case
AIFSN = 2 the optimum corresponds to CWmin = 256,
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while in the case AIFS = 7 the optimum corresponds to
CWmin = 128. This phenomenon is due to the fact that,
as the AIFSN increases, the collision number among data
and real-time packets gets lower and lower, since most part
of real-time transmissions are originated before the AC BE
AIFS expiration. Since the throughput optimum is given
by the tradeoff among the minimization of the data colli-
sion probability and the resource wastes due to collisions
and idle slots, it is clear that as the real-time stations reduce
their impact on the data collision probability, such tradeoff
is reached for lower CWmin values.

Fig. 6 shows the AC BE CWmin optimum values as a
function of the AC BE AIFSN settings, for the two cases
N = 10 and N = 20. The optimum values are more accu-
rate than in the previous figures, since we considered shorter
CWmin increments to find the optimum. Clearly, the opti-
mum value is also function of the number of data competing
stations N .

Finally, Fig. 7 and 8 shows, respectively, the data
throughput and the real-time delays, for the scenarios N =
10 andN = 20, as a function of the AC BEAIFSN value,
in the two cases ofCWmin = 32 and optimumCWmin set-
tings. We can see from these figures, that the joined tuning
of these two AC BE parameters allows to optimize the per-
formance for both data and real-time stations.

5. Conclusions

In this paper we have analyzed the influence of the
AIFS and CWmin parameters settings (introduced by
the 802.11e proposal) in the case of heterogeneous traffic
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sources, focusing on the possibility to cope with the op-
timization of network resources. From simulation results
we have concluded that a joined utilization of the above
differentiation 802.11e parameters results in a optimal and
effective solution for optimizing the overall system perfor-
mance, thus allowing to meet the voice delay constraints
while maximizing the throughput for data stations.
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