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Abstract—In today’s wireless networks, stations using the IEEE 802.11 Standard contend for the channel using the Distributed
Coordination Function (DCF). Research has shown that DCF’s performance degrades especially with the large number of stations.
This becomes more concerning due to the increasing proliferation of wireless devices. In this paper, we present a Medium Access
Control (MAC) scheme for wireless LANs and compare its performance to DCF and to other efficient schemes. Our scheme, which
attempts to resolve the contention in a constant number of slots (or constant time), is called CONTI. The contention resolution happens
over a pre-defined number of slots. In a slot, the stations probabilistically send a jam signal on the channel. The stations listening
retire if they hear a jam signal. The others continue to the next slot. Over several slots, we aim to have one station remaining in the
contention, which will then transmit its data. We find the optimal parameters of CONTI and present an analysis on its performance. More
comprehensive evaluation is presented in the simulation results where we compare CONTI, DCF and other efficient schemes from the
literature. We consider the number of slots used, the collision rate, the throughput, the delay and fairness. The highest throughput was
achieved by CONTI. Moreover, our results provide measurements from each of the schemes that we consider and provide the insight
on each scheme’s operation.

Index Terms—Computer networks, wireless LAN, access protocols.
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1 INTRODUCTION

THE use of wireless networks in everyday computing
has been a success story and new wireless technologies

continue to emerge. Nowadays, wireless networks are a nec-
essary part of the computing world. This was made possible
by the IEEE 802.11 Standard [1] which provides technical
specifications for the wireless interfaces. In addition, the Wi-
Fi Alliance was formed to certify interoperability of wireless
products from various vendors. The Medium Access Control
(MAC) scheme in the standard that is most widely used is
the Distributed Coordination Function (DCF). Its function is
arbitrate the use of the medium to multiple stations that are
connected to one Access Point (AP) in the infrastructure mode.
In addition, DCF can be used in the infrastructure-less, or ad
hoc, mode in which there is no AP. This paper presents a
study on the MAC schemes. We propose a new scheme and
we make a comparison between our scheme, DCF and several
other efficient schemes.

The contention with DCF works as the following. The
stations use Contention Windows (CW) to randomize their
access and try to avoid collisions. Initially, a station waits for
DIFS (DCF Inter Frame Space) and transmits if the channel is
idle. However, if the channel is busy, the CW is used. The CW
is initially assigned to a preset value, CWmin, which depends
on the physical layer. Then, a station sets a backoff (BO)
counter to a random value chosen from a uniform distribution
from [0, CW ]. The station decreases the BO counter by one
for every time slot the channel is idle. If a busy channel

• The authors are with the Department of Electrical and Computer Engi-
neering, Iowa State University, Ames, IA 50011, USA. E-mail: {abicharz,
morris}@iastate.edu.

is detected, the BO counter is freezed and the countdown
resumes from the freeze value after the channel is idle for a
duration of DIFS. The station transmits when its BO counter
reaches zero. If two or more stations reach zero at the same
time, there will be a collision and the transmitted frames won’t
be received correctly. The colliding stations will not receive an
ACK frame and they will double their CW (until it reaches the
maximum value equal to CWmax). On the other hand, when
a station transmits a data frame successfully, its CW is reset
to the initial value CWmin.

There are numerous studies on DCF in the literature. Some
studies presented performance models of DCF to characterize
its performance [2],[3],[4]. One observation from the results
indicates that DCF’s performance degrades significantly with
an increase in the number of stations. While this wasn’t an
issue at the inception of DCF, now more and more people use
wireless connections and this becomes a limitation practically.
The decrease of performance in this case is attributed to the
large number of collisions with the increase in number of
stations. Other evaluations [5] of DCF show that its delay
might be very large with busy traffic conditions. Finally, the
fairness of DCF has been considered [6] and it was shown that
DCF doesn’t have a high fairness in the short-term, although
its fairness increases as the stations contend for longer periods.

In this paper, we present a MAC scheme that provides
access by resolving the contention between stations. The main
feature of our scheme is that it attempts to resolve the con-
tention in the same number of slots every time. Our scheme,
which attempts to resolve the contention in a CONstant TIme,
is called CONTI. The contention resolution has several slots.
At the first slot, all the stations with frames to transmit
contend. The stations, with a probability that we define, choose
an event of sending a jam on the channel for the slot duration.
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The jam is simply a burst of energy (similar to the HIPERLAN
scheme [7] and Blackburst scheme in [8]) and doesn’t need
to contain any specific information. With the complementary
probability, the stations choose an event of listening to the
medium. During a slot, stations retire from the contention if
they were listening and hear a jam, which we call preemption.
The remaining stations move on to the next slot and repeat the
contention. We aim to have one remaining station at the end
of contention to provide it with access to the medium.

We present two methods for finding the parameters. The
parameters are the number of slots in a contention and the
probability corresponding to every slot. The first method aims
at bounding the collision rate. The smallest number of slots
and the corresponding probability vector are found so that
the collision rate is bounded by a given value. It uses an
algorithmic approach and finds the parameters with a low
computation time. The second method uses an optimization
approach to find the parameters that maximize the throughput.
While this method requires a larger computation time, we only
need to find the parameters offline and make them known to
the stations. Thus, during the data transmission, this method
doesn’t need to operate; instead the parameters that it has
produced are readily used.

Additionally, we present an analysis that characterizes the
throughput of CONTI and DCF and compare them to each
other. We also show analytically the effect of the slot duration
on the performance achieved by CONTI.

In the simulation results, we compare CONTI, DCF and
we program the simulation code of other proposed MAC
schemes in the literature. We implement all of the schemes
in the same simulation environment to ensure the fairness of
comparison. We present results on the number of slots used in
the contention resolution, the collision rate and the throughput.
We show that CONTI achieves the highest throughput among
the schemes and we provide the insight on the behavior of
the various schemes. We also show the results of delay and
the fairness of the schemes and explain the trends that were
observed.

The rest of the paper is organized as follows. Section 2
presents the related work that we compare against and other
schemes in the MAC area. Section 3 presents the specifications
of our scheme and Section 4 gives an analysis to obtain the
optimal parameters of CONTI by bounding the collision rate.
Section 5 presents another type of analysis on the parameters
in order to maximize the throughput. Section 6 characterizes
the performance gain of CONTI and analyzes the effect of
the slot duration on the performance. Section 7 presents the
simulation results comparison of multiple MAC schemes and,
finally, Section 8 presents the conclusion of the paper.

2 RELATED WORK

There have been numerous MAC schemes proposed in the
literature. We reference in this section some of the well-known
schemes and we compare against them in the simulation
results. We highlight here two types of schemes: (1) the
contention window (CW) based schemes and (2) the jamming
based schemes.

2.1 PREMA

The scheme Prioritized Repeated Eliminations Multiple Ac-
cess (PREMA) was proposed in [9]. PREMA is a jamming-
based scheme. It works as the following. Contending stations
transmit a jam, whose length in slots is drawn from a geo-
metric distribution with parameter q. After the last jam slot,
the stations do one slot of carrier sense. If they hear another
ongoing slot, they’re out of this contention. If not, it means
they passed this elimination. The stations with the longest
burst will survive the elimination. Following, they do another
elimination by choosing another random number from the
same distribution and jamming and then one slot of carrier
sense. The number of eliminations is a parameter called h. The
authors of PREMA use the parameters h = 4 and q = 0.5.
We use these parameters when we compare our work with
PREMA.

2.2 k-EC

The scheme k-Round Elimination Contention (k-EC) was pro-
posed in [10]. k-EC, like PREMA, is a jamming-based scheme.
It also has several rounds of eliminations in a contention.
There are k rounds of elimination, where k is a parameter.
A round of k-EC consists of at most m slots. The contending
stations choose a random number uniformly from [0,m − 1]
and transmit only one jam in the slot number. If a station
chooses 0, then it’s the first slot, etc. If the station is not
jamming, then it should be listening by carrier sense. When
a station hears a jam while it’s listening, it drops out of the
contention and the round is finished for it. The other stations
survive and move to the next round. Since the jam can happen
in any slot, a round of k-EC is at most m slots long. The
authors of k-EC use k = 7 and m = 3 as the best parameters.
As a result, a contention of k-EC with these parameters takes
anywhere from 7 slots to 21 slots.

In the proposal of k-EC in [10], the authors compare k-EC to
our initial work CONTI that was published in [11]. However,
we have the following comments on their comparison.

• In k-EC [10], the authors indicate that they take the
results of CONTI from our paper [11], rather than pro-
gramming CONTI in the simulator. This comparison will
reduce the accuracy of the result, since the computation
environments of the two simulations are different and
the physical layer characteristics would not be the same.
However, in this paper, we implement both CONTI and
k-EC in the same environment and use the same PHY
characteristics.

• Secondly, both k-EC and CONTI use the jams in the same
way. They need the same requirements in transmit length,
since they serve a similar function in both schemes. In
k-EC, they use the jam slot time of 10 μs. However, in
CONTI, we used the slot time of 20 μs as in the standard.
So, to have a fair comparison of the MAC schemes, we
need to have the same parameters on the slot time, which
we do in our simulations.
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2.3 Idle Sense
The scheme Idle Sense was originally proposed in [12] and
then it was revised in [13]. In our work, we consider the
revised Idle Sense scheme as in [13]. Unlike PREMA and
k-EC, Idle Sense is based on the contention window (CW)
mechanism, like the standard’s DCF scheme. The main idea
of Idle Sense is observing that there is an optimal number of
slots between two consecutive transmissions. This number if
deemed to be ntarget

i = 3.91 for the 802.11b physical layer.
It is suitable for a large number of scenarios with varying
number of contending stations. Hence, in Idle Sense, all the
stations observe the number of slots and adjust the CW up
or down to match the number of observed idle slots to the
target value. The CW is adjusted up by CW ← CW + ε, and
down by CW ← α.CW . The optimal parameters presented
are 1/α = 1.0666 and ε = 6.0.

The above procedure of adjusting the CW is performed
periodically after the elapse of a number of transmissions
given by maxtrans. Initially, maxtrans = 5, but when the
above procedure is done, maxtrans might be changed if the
number of idle slots is far off from ntarget

i so as to speed
up the convergence. Specifically, if(|ntarget

i − ni| ≥ β), then
maxtrans ← 5; this value is considered small. Otherwise,
maxtrans ← CW/γ; this value will keep maxtrans pro-
portional to the number of active stations and will be roughly
equal to 3n (n is the number of active stations) in IEEE
802.11b as explained in [13]. The optimal parameters are given
as β = 0.75 and γ = 4. We use the same parameters when
we compare our work to Idle Sense in the simulation.

2.4 Other Approaches
Other proposed approaches based on jams are in [14], [15],
[16], [17], [18], [7]. Other proposed approaches to optimize
the CW schemes are in [19], [20], [21], [22], [23], [24]. In
this paper, we compare our scheme to the standard’s DCF,
PREMA, k-EC and Idle Sense.

3 MEDIUM ACCESS CONTROL (MAC) WITH
CONSTANT-TIME CONTENTION
This section presents the proposed MAC scheme, CONTI, with
attempts to resolve the contention using a constant number of
slots. We start by defining the terms that are used in our work.

3.1 Notations
• The number of stations in the WLAN cell is given by n.
• The contention is resolved over a number of slots given

by k, and the contention slots are labeled {s1, . . . , sk}.
• During a contention slot, a station either transmits a pulse,

called signal 1 or listens to the channel, called signal 0.
• The probability vector used by the stations to decide

whether to transmit a pulse or listen is given by p :
{p1, . . . , pk}. A station will choose signal 1 during slot
si with probability pi. Otherwise, a signal 0 is chosen
with a probability 1 − pi.

• The number of remaining stations in the contention at
the end of the slots is designated by the vector r :

{r0, . . . , rk}. So, r0 = n stations start the contention,
and ri stations remain in the contention at the end of slot
si.

• An instance of CONTI is characterized by its parameters,
the number of slots k and the probability vector p. Thus,
an instance of the scheme, S, is designated by S(k, p).

3.2 Contention
The contention of n stations is resolved using CONTI over k
contention slots. Each of the stations uses the same probability
vector p. All of the stations go through the following proce-
dure. Before a contention slot si, a station chooses signal 1
with probability pi or signal 0 with probability 1 − pi.

During a contention slot, the station will transmit a pulse
on the channel if it has signal 1. Otherwise, the station will
listen to the channel. The pulse that is transmitted doesn’t need
to contain information. Rather, its presence on the channel
indicates to other stations that some stations have chosen a
signal 1. A station that is listening and hears the presence of a
signal on the channel is said to be preempted and this station
doesn’t contend anymore in this contention. But if a station
with signal 0 doesn’t hear a signal, it stays in the contention.
If the station has signal 1, it transmits the pulse and moves to
the next contention slot. At the end of the last slot, a station
transmits its data frame if it has not been preempted.

During a contention slot, it is better to eliminate the largest
number of stations possible. This means the contention reso-
lution is occurring quickly and the amount of time spent on
contention resolution is minimized. Before slot si, there are
ri−1 stations. At the end of slot si, there are ri stations that
are remaining in the contention. Thus, slot si has eliminated
(ri−1 − ri) stations from the contention, which we seek to
maximize.

With CONTI, it is possible that no stations are eliminated
during a contention slot. This happens if all the stations choose
signal 1. Then, no station is preempted. It also happens if all
the stations choose a signal 0. If this event happens, then the
following slots will continue the contention. But if it happens
in the last slot and there are more than one station remaining,
there will be a collision.

For an efficient contention resolution, the probability
choices should be optimized to minimize the collision rate.
The number of slots should be also minimized so that the
time spent in the contention is reduced. For that purpose, the
values of k and the vector p are optimized in the next section.

Finally, we add a stipulation that ensure compatibility with
the Inter-Frame Spacing used in wireless networks, such as
DIFS in the standard. In CONTI, there might be a few
consecutive slots where all of the stations choose signal 0.
Thus, a station that had already retired from contention should
not count this silent time in its IFS timer. Thus, we require a
station that has retired to stop its IFS timer until the contention
is finished. Since the station knows the number of slots, k, a
priori, it can do that.

3.3 Example
An example on the contention resolution using CONTI is
presented in Fig. 1. There are 6 stations. In the first slot,
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stations 2, 4 and 5 choose signal 1 and preempt stations 1,
3 and 6. Thus, stations 1, 3 and 6 don’t contend anymore in
this round. The graph on the left side of the figure shows the
signals, while the graph on the right side depicts the jams. In
the second slot, stations 2, 4 and 5 choose signal 0 and no
station is preempted. All the stations move to the third slot.
In the third slot, stations 2 and 4 preempt station 5. Finally,
in the last slot, station 2 preempts station 4. Then, station 2 is
able to transmit a data frame. In this example, n = 6, k = 4
and the vector r is {6, 3, 3, 2, 1}.

Fig. 1. Contention resolution using CONTI.

3.4 Pseudocode
The contention resolution using CONTI is specified in the
pseudocode in Algorithm 1. The pseudocode describes the
operation of a CONTI instance S(k, p). In Algorithm 1,
the state variable retire indicates if the station has been
preempted, when retire = 1, or if the station is still in the
contention, when retire = 0.

The function defer(t) makes the station remain idle for
a duration of t. The function pulse(t) makes the station
transmit a pulse for a duration of t. Finally, the function
pulseDetect(t) makes the stations detect if there has been
a pulse on the channel during a time slot.

3.5 Why do we Need to Optimize the Parameters?
In this part, we present an example that shows how the
parameters affect the contention resolution in CONTI. In
other approaches in the literature that use similar probabilistic
jams [14], the probabilities are chosen randomly. This example
shows that we can have performance gain by optimizing the
parameters. In this example, we compare two cases. First, we
consider intuitively chosen values of pi = 0.5 for all the slots.
Then, we show another case with more appropriate parameter
choices.

In the case of pi = 0.5 for 1 ≤ i ≤ k, we show how
the collision rate is affected by the number of slots used. The
result is shown in Table 1 for the number of stations 10 and

Algorithm 1. Contention Resolution with CONTI
retire := 0
i := 1
while (i ≤ k) do

if retire = 1 /* Station has been preempted
*/

defer(tslot)
else if retire = 0 /* Station in contention */

proba := Uniform(0, 1) /* Choose signal 1 or 0 */
if proba < pi

signal := 1
else signal := 0
if signal = 1 /* Station with signal 1 */

pulse(tslot)
else if signal = 0 /* Station with signal 0 */

listen(tslot)
if pulseDetected(tslot) = true

retire := 1
i := i + 1

TABLE 1
Percentage Collision Rate (pi = 0.5, (1 ≤ i ≤ k))

k 2 3 4 5 6 7 8
n = 10 80.73 50.95 28.33 14.89 7.62 3.86 1.94
n = 25 99.37 87.00 59.21 34.21 18.31 9.46 4.80

25. With 5 contention slots, the collision rate1 of 10 stations
is 14.89% and with 25 stations it is 34.21%. Also, as one
might think intuitively, the result shows that an increase in the
number of slots reduces the collision rate.

Now we consider the use of CONTI with 5
slots and with the following probability vector2

p : {0.2563, 0.36715, 0.4245, 0.4314, 0.5}. For this vector, the
collision rate for 10 stations is 7.59% compared to 14.89%
with the intuitive choice of pi = 0.5. This is a reduction by
almost a factor of 2. For 25 stations, the collision rate is
13.65% compared to 34.21% using the intuitive choice. This
shows that optimized parameters have a significant effect on
the performance of contention resolution with CONTI.

4 PARAMETERS: BOUNDED COLLISION RATE
This section presents an analysis to find the optimal parameters
of CONTI based on a bounded collision rate. The analysis
also shows that for a wide range of n, we can use the same
parameters, while remaining close to the optimal performance.
Hence, the stations don’t need to know or approximate n.

This section has the following contents. First, the definition
of optimal solution is presented and then we show the algo-
rithmic concepts that we use to get the parameters. Then, the
collision rate is found analytically, which will be used to find
the parameters. Then, k and p are found for a given number
of stations, n. Finally, we show that there are certain k and p

1. The table shows analytic result of the collision rate. The expression of
the collision rate in presented in the next section

2. We show how to derive the numbers in this vector in the next section.
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that can be used efficiently, independently of n for a range of
realistic cases.

4.1 Defining The Optimal Solution
The optimal solution with CONTI can be defined in more
than one way. If we seek to minimize the collision rate, say to
make it equal to zero, we can do that but we risk making the
number of slots too large. On the other hand, if we use a small
number of slots to avoid wasting time in the contention, we
might end up with a large collision rate that adversely affects
the throughput. Thus, we use a definition that is a trade-off
between these two factors. Our definition of optimal solution
is based on the idea that we can tolerate a small collision
rate. Then, we need to find the minimum number of slots and
the corresponding probabilities such that the collision rate is
bounded.

Definition 1: Optimal solution – The minimum value of
k and a probability vector p should be found such that the
collision rate pcoll is bounded by a value given in p∗coll.

4.2 Solution Approach
In a problem satisfying the optimal substructure property [25]
and the greedy-choice property, a greedy solution yields an op-
timal solution. In the greedy solution, there are several choices
of parameters (different p-values at different contention slots)
and the best choices are found at each step. For CONTI, that
means the value of p that minimizes the number of stations
remaining in contention are found in each contention slot. It
remains to show that CONTI satisfies the two properties above.

A problem is said to have the optimal substructure property
if an optimal solution to the problem contains within it
optimal solutions to subproblems. This is proved for the case
of CONTI by contradiction. Consider an optimal solution
Sα(kα, pα) that satisfies the upperbound condition on the
collision rate p∗coll. If at any slot si, the choice of pi in
Sα doesn’t minimize the number of remaining stations (ri),
then pi can be replaced with another optimal value popt

i that
minimizes ri. Then, kα might be reduced or a smaller value
for pα

coll is obtained, which implies that Sα is not an optimal
solution.

By definition, a problem has the greedy-choice property if
a greedy choice that is already made combined with an opti-
mal solution to the remaining subproblem yields an optimal
solution. To show this property for CONTI, consider a case of
contention resolution where a greedy choice is made at the first
slot s1. The greedy choice minimizes the number of remaining
stations (r1) at the end of the slot. An optimal solution for the
subproblem with r1 stations and k − 1 slots, combined with
the greedy solution at the first slot yields an optimal solution
because it contains the minimum k value.

4.3 The Collision Rate
Let the term σ(n, k, p) be the probability that the instance of
CONTI, S(k, p), resolves the contention successfully for n
stations.

Next, the probability of preempting stations over one slot is
defined. Consider a contention slot si where ri−1 = u stations

start the contention and ri = v stations remain at the end of
the slot. Let the probability of this event be designated by
τu,v(pi). Its expression is the following.

τu,v(pi) =

{(
u
v

)
.(pi)v.(1 − pi)u−v 1 ≤ v ≤ u − 1

(pi)u + (1 − pi)u v = u
(1)

In the first case, v out of u stations remain at the end of the
slot. In the second case, all of the u stations remain at the end
of the slot. This happens if all the stations choose the same
signal, whether it is signal 1 or signal 0.

Before we can give the analytic expression of the collision
rate, we give the following definition of the subvector of p.

Definition 2: For a vector p : {p1, p2, · · · , pk} with k
elements, the term πi (1 ≤ i ≤ k) defines the subvector of p
with k − i + 1 elements given by πi : {pi, pi+1, · · · , pk}, so
it is a suffix subvector.

Finally, the collision rate of CONTI is given by the follow-
ing theorem.

Theorem 1: The probability that scheme S(k, p) resolves
the contention successfully for n stations is given by:

σ(n, k, p) = Σn−1
i=0

[
τn,n−i(p1).σ(n − i, k − 1, π2)

]
(2)

The trivial cases for the expression of σ are the following.

σ(1, i, π(k−i+1)) = 1, 1 ≤ i ≤ k (3)

σ(v, 1, πk) = τv,1(pk), v ≥ 1 (4)

-
Proof: First, notice that π1 designates the same vector

as p. Then, σ(n, k, p) can be rewritten as σ(n, k, π1). After
the elapse of one slot, the number of stations is reduced from
r0 = n to r1, where r0 ≥ r1. The remaining problem is
the contention resolution of r1 stations in k − 1 slots using
the vector π2. This subproblem is solved successfully with a
probability given by σ(r1, k − 1, π2).

During the first slot, the number of stations that are pre-
empted is between 0 and n−1. Each of these events occur with
a probability of τn,n(p1), . . . , τn,1(p1), respectively. Thus,
σ(n, k, p) is equal to the following expression:

σ(n, k, π1) =τn,n(p1).σ(n, k − 1, π2)+
τn,n−1(p1).σ(n − 1, k − 1, π2)+
· · ·+
τn,1(p1).σ(1, k − 1, π2)

(5)

The trivial cases for the expression of σ are given in Eqs. 3
and 4. Eq. 3 represents the case where there is one station left
and there are one or more slots. In this case, the contention
is resolved successfully with probability 1. The case in Eq. 4
represents the scenario when there is one slot left and there are
one or more stations contending. In this case, the contention
is resolved correctly if all the stations are preempted except
one. This happens with a probability given by τv,1(pk).
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4.4 Finding the Probability Choices
We need to find the values in the vector p that resolve the
contention the quickest. Over a slot si, the number of stations
should be reduced from ri−1 to ri, with having ri minimized.

One observation about the probability values pi is the
following. In the earlier slots, the value of pi should be small.
This will allow few stations to choose signal 1 and hopefully
preempt most of the other stations. Then, the contention
resolution proceeds fast. At the later slots, there should be
few remaining stations and then pi should have a larger value
so that at least one station will choose a signal 1 and preempt
the other stations. The values of pi drawn from the analysis
agree with this observation in that the values in p are non-
decreasing. This trend of increasing probability values as the
slots progress is also observed in the analysis of the Sift MAC
scheme [24]. However, Sift differs from CONTI in that it
is based on Contention Windows, not jamming slots, and it
has the goal of supporting event-driven sensor networks, not
wireless LANs.

Consider a slot si with u contending stations. The proba-
bility that v stations remain at the end of the slot is given by
τu,v(pi) in Eq. (1). The expected value of v is given by the
following equation:

E[v] =

[
u∑

v=1

v.

(
u

v

)
.(pi)v.(1 − pi)u−v

]
+ u.(1 − pi)u (6)

For a given value of u, Eq. (6) is solved numerically to
determine pi that minimizes v. This value of pi, denoted by
p∗i reduces the number of stations the quickest over one slot.
The corresponding values of u, pi and E[v] are presented in
the three leftmost columns of Table 2. An entry in the table
is read as follows: with u = 100 stations at the beginning of
a slot, using pi = 0.04715 provides an expected number of
remaining stations equal to v = 5.

4.5 CDF on the Number of Remaining Stations
The information in the three leftmost columns of Table 2
shows the value of pi that minimizes the expected value of
v. However, this information doesn’t show the probability that
this event (E[v] is minimized) will happen. For the entry with
u = 100, the event v = 5 will occur with a probability
of τ100,5(0.04715) = 0.178. Thus, we will have to use the
Cumulative Distribution Function (CDF) to have a higher
confidence on how the number of stations is reduced over
one contention slot.

Let the CDF on v be defined by the function θu,v(pi).
This function designates the probability that, starting with u
stations, the number of stations at the end of the slot will be
less or equal to v. The value of θu,v(pi) is the following:

CDF (v) = θu,v(pi) =
v∑

j=1

τu,j(pi) (7)

Using the CDF, a bound (in a probabilistic sense3) on the
number of stations that survive a contention slot is given in Ta-
ble 2. At the start of the slot, there are u stations. The column

3. In the rest of this section, the meaning of bound in a probabilistic sense
apply to v∗.

TABLE 2
Contention over One Slot (CDF on v)

u p∗i E[v] v∗ Pr(v ≤ v∗)
= CDF (v∗)

2 0.5 1 1 0.5
3 0.4314 1 2 0.735
4 0.4245 2 3 0.857
5 0.36715 2 4 0.891
10 0.2563 3 5 0.925
20 0.14955 3 9 0.960
30 0.11945 4 10 0.977
40 0.09425 4 10 0.980
50 0.0783 4 10 0.981
60 0.0673 4 10 0.982
70 0.064 5 10 0.985
80 0.05705 5 10 0.985
90 0.0516 5 10 0.984
100 0.04715 5 10 0.984

labeled v∗ designates the upperbound, in probabilistic terms,
on the number of stations that will survive the contention.
The last column, labeled CDF (v∗), indicates the probability
of this event happening, that is, Pr(v ≤ v∗). As an example,
the last entry is interpreted as: starting with u = 100 stations,
there will remain v ≤ 10 stations at the end of the slot with a
probability of 0.984.

The information in Table 2 is used to derive the number
of slots k and the probability vector p that are needed to
resolve the contention of n stations. The collision rate will
be measured by the analytic expression given in Eq. (2).

4.6 Finding the Parameters Given the Number of
Stations
Now the number of slots and the probability vector can be
found for a given number of stations using Table 2. In the
definition of the optimal solution, it was required to minimize
the number of slots k and find a corresponding vector p so that
the collision rate is smaller than an upperbound, pcoll < p∗coll.
In this paper, we use p∗coll = 6%, which is considered the
upperbound on the collision rate that is tolerable. The value
of p∗coll = 6% was chosen based on simulation results.

The parameters for n = 100 station are found as follows. In
the first slot, p1 = 0.04715 is used, which yields a number of
remaining stations r1 ≤ 10, with a high probability (equal to
0.984 from Table 2). In the second slot, we assume that there
are 10 stations and then p2 = 0.2563. This leads to r2 ≤ 5
with a high probability. Similarly, the number of remaining
stations progresses as r3 = 4, r4 = 3, r5 = 2 and r6 = 1. The
remaining probability choices are p3 = 0.36715, p4 = 0.4245,
p5 = 0.4314 and p6 = 0.5. In total, it takes 6 slots to resolve
the contention when starting with 100 stations. The collision
rate measured by the analytic expression is pcoll = 5.48%.

The parameters for other values of n are presented in
Table 3. There are cases when the CDF values from Table 2
don’t correspond to a high certainty. For example, starting
with 2 stations, the best possible event is to have 1 stations
remaining. This happens with a probability of 0.5. To satisfy
the upperbound on the collision rate of 6%, the same value
of pi = 0.5 is used over several slots. For the case of n = 2,
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TABLE 3
The Parameters and the Collision Rate

n k p pcoll

2 5 {0.5, 0.5, 0.5, 0.5, 0.5} 3.12%
3 5 {0.4314, 0.4314, 0.5, 0.5, 0.5} 4.32%
4 5 {0.4245, 0.4245, 0.4314, 0.5, 0.5} 5.33%
5 5 {0.36715, 0.4245, 0.4314, 0.5, 0.5} 5.88%
10 6 {0.2563, 0.36715, 0.4245, 0.4314, 0.5, 0.5} 3.85%
20 6 {0.14955, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.52%
30 6 {0.11945, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.53%
40 6 {0.09425, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.40%
50 6 {0.0783, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.28%
60 6 {0.0673, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.21%
70 6 {0.064, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.20%
80 6 {0.05705, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.26%
90 6 {0.0516, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.35%
100 6 {0.04715, 0.2563, 0.36715, 0.4245, 0.4314, 0.5} 5.48%

TABLE 4
Collision Rate Comparison

n k pcoll k◦ p◦coll

2 5 3.12% 6 3.92%
3 5 4.32% 6 4.00%
4 5 5.33% 6 4.19%
5 5 5.88% 6 4.37%
10 6 3.85% 6 5.02%
20 6 5.52% 6 5.52%
30 6 5.53% 6 5.53%
40 6 5.40% 6 5.40%
50 6 5.28% 6 5.28%
60 6 5.21% 6 5.21%
70 6 5.20% 6 5.20%
80 6 5.26% 6 5.26%
90 6 5.35% 6 5.35%
100 6 5.48% 6 5.48%

there are 5 slots each using pi = 0.5. The collision rate is
pcoll = 3.12%.

4.7 Constant-Time Contention Resolution
In Table 3, the parameters for CONTI were optimized for
a given number of stations. This was done independently
for each value of n. However, there are several cases where
20 < n < 100 that obtained the number of slots and the same
probability values. For the cases where n < 20, the number
of slots is 5, which is close to the other cases.

Next, the same parameters are used for all the cases of
n. The parameters chosen are the ones used for n = 100.
Accordingly, the scheme S◦(k◦, p◦) is defined where k◦ =
6 and p◦ = {0.04715, 0.2563, 0.36715, 0.4245, 0.4314, 0.5}.
The collision rate of S◦ is measured and compared to the
case with the previous parameters that are found in Table 3.
The comparison results are presented in Table 4. The collision
rate varies slightly and it remains below 6% for all cases.
For some cases, the collision rate is lower for S◦ but this is
because 6 slots are used, instead of 5. Using this observation,
it is possible to use the same parameters, as in S◦, to resolve
the contention independently of the number of stations. This
makes it easier to do contention using CONTI as the number
of the stations doesn’t need to be known and all the stations
use the same parameters all the time.

5 PARAMETERS: MAXIMIZED THROUGHPUT
In this section, we find the optimal parameters for CONTI, k
and p, that maximize the throughput.

5.1 Time Utilization
The medium access with CONTI is shown in Fig. 2. In the
first attempt, a frame is transmitted successfully and an ACK
is received in reply. However, the second attempt is a collision.

Hence, the time utilization of CONTI, designated by ρ, is
found as the following:

ρ =
ps.tdata

ps.Tsuccessful + pc.Tcollision
(8)

where tdata is the time to transmit the data frame. The
probabilities of success and collision are given by ps and pc,
respectively. Tsuccessful is the time for a successful transmis-
sion cycle, and Tcollision is the time consumed by a collision
cycle, which are given as follows:

Tsuccessful = tdifs + k.tslot + tdata + tsifs + tack (9)

and,
Tcollision = tdifs + k.tslot + tdata (10)

To be able to find the time utilization, we need to know the
expression of the successful transmission event, ps, which is
given in the previous section in Eq. (2).

5.2 Finding the Parameters
According to the above, if we know the number of stations,
n, and the data transmission time, tdata, we can find the
optimal parameters which are the number of slots, k, and the
probability vector, p, that contains k elements. The optimal
parameters maximize the time utilization of the access scheme.

We are interested in a number of scenarios in the Wireless
LAN environment. Each scenario has a number of contending
stations and a given frame size. Thus, we optimize the para-
meters having in mind all of the realistic scenarios in a WLAN
environment. We consider the number of stations to be: 2, 5,
7, 10, 15 and 25. The frame sizes that we consider, in bytes,
are 250, 600, 950, 1300, 1650, 2000 and the maximum frame
size, 2346. The transmission rate is 11 Mbps.

Let j be the number of scenarios that vary the number of
stations (here j = 6). And let k be the number of scenarios that
vary the frame size (here k = 7). Hence, we have 42 scenarios,
one for each value of n corresponding to a frame size. For a
certain scenario with n stations and a given frame size, the
time utilization is designated by ρn

FrameSize. Hence, we need
to maximize the average throughput over all the scenarios
given by: 1

j.k

∑
j

∑
k ρn

FrameSize.
The parameters k and p are found by looking in the search

space: ⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

k ≥ 1
0 ≤ p1 ≤ 1
0 ≤ p2 ≤ 1
. . .

0 ≤ pk ≤ 1

(11)
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Fig. 2. Transmission cycle of CONTI and DCF: a successful transmission and a collision.

and the objective function is to maximize the average time
utilization:

max(
1

j.k

∑
j

∑
k

ρn
FrameSize) (12)

The optimal parameters obtained are k = 7 slots and the
probabilities are p = {0.18, 0.31, 0.40, 0.48, 0.48, 0.49, 0.49}.
For these parameters, the average time utilization over all the
scenarios is 65.27%. These are the parameters that we use in
the simulation results as elaborated in the discussion below.

5.3 Discussion
We have presented two methods to find the parameters of
CONTI. The method in Section 4 was based on bounding the
collision rate and using an algorithmic approach to finding
the parameters k and p. On the other hand, the method in this
section is based on maximizing the throughput and searching
in the probability space to find the parameters. We compare
these two methods as follows:

• The method in Section 4, which uses an algorithmic
method to find the parameters, requires less computation
time since it optimizes one slot and then moves to the
next one. However, the optimization method presented
in this section requires more computation time since it
considers all of the combinations of pi values over the
slots.

• For the WLAN scenarios that we consider, the computa-
tion time is tractable. Hence, we use the results that were
produced in this section.

• A comparison of the two methods in the simulation shows
almost identical results. Hence, in the simulation we only
use the results of the method in this section.

6 CHARACTERIZATION OF THE TIME UTILIZA-
TION
This section presents an analysis on the throughput of CONTI
and DCF. It also shows the effect of the slot length on
the relative performance between CONTI and DCF. A more
comprehensive evaluation is shown between CONTI, DCF,
PREMA, k-EC and Idle Sense in the next section by sim-
ulation.

The access schemes of CONTI and DCF are shown in the
illustration in Fig. 2. While both of the schemes wait for

the initial DIFS interframe space, the contention of CONTI
uses the pulses, while the contention of DCF uses the backoff
countdown. What follows the contention is similar for the
two cases which is the data transmission, the wait of SIFS
interframe space, and the transmission of the ACK frame upon
successful transmission. In the case of a collision, an ACK
frame will not be received.

The characterization of the time utilization between CONTI
and DCF can be written as the following.

gainconti =
ρconti

ρdcf
(13)

By observation from Fig. 2, and using the derivation similar
to Eq. 8, we have:

gainconti =
pconti

s

pdcf
s

× pdcf
s .T dcf

successful + pdcf
c .T dcf

collision

pconti
s .T conti

successful + pconti
c .T conti

collision
(14)

The expressions for T conti
successful and T conti

collision are given in
Eqs. (9) and (10), respectively.

The expressions for T dcf
successful and T dcf

collision are the fol-
lowing,

T dcf
successful = tdifs + tcontention + tdata + tsifs + tack (15)

and,
T dcf

collision = tdifs + tcontention + tdata (16)

where tcontention designates the average number of slots spent
in a DCF contention.

6.1 Probability of a Successful Transmission
Since CONTI and DCF employ two different mechanisms for
the contention resolution, it is obvious that they have different
expressions for the probability of a successful transmission.

The characterization of the collision event in DCF was
presented in [2]. Accordingly, the probability that a station
transmits in a slot, ptr, and the probability that a stations has
a successful transmission given a transmission attempt, pcond,
are given as follows:

ptr = 1 − (1 − τ)n (17)

pcond =
nτ(1 − τ)n−1

ptr
(18)
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TABLE 5
Analytic Results of Successful Transmission

No. of Stations 10 20 30 50 75
DCF 0.838 0.775 0.737 0.688 0.657
CONTI 0.982 0.976 0.970 0.959 0.944

where n is the number of contending stations and τ and p are
given as follows:

τ =
2(1 − 2p)

(1 − 2p)(CWmin + 1) + pCWmin(1 − (2p)m)
(19)

p = 1 − (1 − τ)n−1 (20)

The analytic results of the successful probability of trans-
mission are presented in Table 5 below. The results of DCF
are based on the equations above from [2] and the results of
CONTI are obtained using the equation we derived in Eq. (2).
For DCF and CONTI, as shown in Table 5, the probability of
a successful transmission decreases as the number of stations
increases.

6.2 Effect of the Length of the Contention Slot
To understand how the duration of the contention slot affects
the system performance, we look at the number of slots that
is consumed in each access to the channel. In CONTI, the
parametrization has been studied for using 7 slots. However,
it is a different story in DCF. By observing the number of idle
slots spent between the end of DIFS and the initial moment of
the transmission, this number is different and becomes smaller
when the number of the stations increases.

For example, if there are 5 stations contending with the
values of backoff counter equal to 7, 10, 13, 16, 19, it means
in the first access, there will be 7 idle slots, and thereafter, there
will be 3 contention slots preceding each data transmission.
For the evaluation of the gain in time utilization, 3 slots are
assumed for DCF and 7 slots are assumed for CONTI. Of
course, CONTI is using more slots but making up in providing
a lower collision rate. In this study the data rate is 11 Mbps,
the control rate is 1 Mbps and the frame size is 1500 bytes.

Fig. 3. Effect of the Time Slot Duration

The results of the gain in time utilization are shown in
Fig. 3. CONTI has a gain in time utilization in comparison to

TABLE 6
Physical Layer Characteristics (802.11b)

Characteristics Value Comments
tSlotTime 20μs Slot time
tSIFSTime 10μs SIFS time
tDIFSTime 50μs DIFS = SIFS + 2 × Slot
aCWmin 15 min contention window size
aCWmax 1023 max contention window size

tPLCPOverhead 192μs PLCP overhead

DCF. Expectedly, with a larger time slot, the gain that CONTI
has starts to decrease since CONTI is consuming more slots in
one access. The other observation is, with the larger number of
stations, the gain of CONTI increases due to its better collision
rate. The time slots that are shown range in duration from
20 μs, which is commonly used in practice in IEEE 802.11b,
to larger values up to 60 μs. The value of 60 μs represents
the threshold where the gain of CONTI starts to disappear, for
the number of 10 stations. This is seen in the figure, as the
lowermost curve approaches 1 on the left-hand side.

More comprehensive evaluation between CONTI, DCF and
the other schemes that we consider follow in the simulation
results in the next section.

7 SIMULATION RESULTS
This section presents the simulation results. We compare the
performance of CONTI, DCF, PREMA, k-EC and Idle Sense.
We consider the important measurements for the MAC such
as the number of slots used, the collision rate, the throughput,
the delay and the fairness to the users.

7.1 Parameters
We developed a discrete-event simulator for the MAC of
wireless networks. The physical layer we consider is the
802.11b [26]. Its parameters, with the parameters of DCF are
summarized in Table 6. We program the simulation code and
evaluate all the schemes in the same environment and in the
same manner to ensure the fairness of evaluation.

The parameters of CONTI, PREMA, k-EC and Idle Sense
are presented in Table 7. The parameters of all the other
schemes are the optimal parameters from the papers in which
they were proposed.

7.2 Number of Contention Slots
Every one of the schemes that we compare requires a certain
number of contention slots. While the number of slots spent
in contention isn’t the only performance indicator, having a
small number of slots is generally considered as preferable.
On one side, CONTI takes a constant number of 7 slots and
Idle Sense aims to achieve a number of slots equal to 3.91.
On the other side, DCF, PREMA and k-EC spend a varying
number of slots for each contention.

Table 8 shows the average number of slots spent in a
contention. In this simulation experiment, the duration time
is 1200 seconds and the frame size is 1500 bytes. The data
rate is 11 Mbps and the control rate is 1 Mbps. The number of
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TABLE 7
Parameters of CONTI, PREMA, k-EC and Idle Sense

CONTI
Number of slots: k = 7
Probabilities: p = {0.18, 0.31, 0.40, 0.48, 0.48, 0.49, 0.49}

PREMA
Number of eliminations: h = 4
Geometric distribution parameter: q = 0.5

k-EC
Number of rounds: k = 7
Maximum length of a round: m = 3

Idle Sense
Target number of idle slots: ntarget

i = 3.91
CW increase parameter: ε = 6.0
CW decrease parameter: 1/α = 1.0666
Initial window size: maxtrans = 5
Window size adjustment parameters: β = 0.75, γ = 4

TABLE 8
Average Number of Slots in a Contention

Number of CONTI DCF PREMA k-EC Idle Sense
Stations

10 7 3.00 11.06 12.01 4.08
20 7 2.34 12.02 11.40 3.81
35 7 2.00 12.82 10.90 3.70
50 7 1.84 13.33 10.58 3.66
75 7 1.69 13.91 10.22 3.64

100 7 1.60 14.32 9.96 3.64

stations changes for different simulation runs as shown in the
table. First, CONTI takes 7 slots for every contention, which is
already known from the parameters. With DCF the number of
slots is reduced with more stations even though the CW size
is becoming larger. This happens since the number of slots
that are spent is the minimum among all the backoff counters
of stations. However, there are more collisions which will be
shown next. PREMA has a different trend with more slots
spent when there are more stations. This happens since the
longest burst prevails in PREMA. With more stations, there’s
more chance to have a long burst. k-EC starts at 12 slots and
takes less with more stations since the earliest jam finishes
an elimination round. Finally, with Idle Sense, the number of
slots fluctuates around the target number of 3.91. It is slightly
higher with less stations slightly lower with more stations.

From this experiment, we conclude that the schemes with
multi-round contentions, PREMA and k-EC use the largest
number of slots, average more than 10 slots in the above
scenarios. On the other hand, the schemes based on the
contention window use the least number of slots, average less
than 4 slots. CONTI comes in the middle by using 7 slots.

7.3 Collision Rate
This part shows the collision rates of the schemes. The
simulation parameters are similar to above with 1200 seconds
of simulation time, 1500 bytes frames, 11 Mbps of data rate
and 1 Mbps of control rate. The collision rate is shown in
Fig. 4.

The number of stations varies in the same numbers as in
the previous experiment. First, we notice that PREMA and

k-EC have the lowest collision rates. Across all scenarios,
their rate is around 1 percent. However, their number of slots
used per contention was the highest. CONTI has a collision
rate that starts at 1 percent for 10 stations and climbs to 7
percent for 100 stations. Then, Idle Sense has a collision rate
that varied between 11 and 14 percent. Finally, DCF had the
highest rate of collisions that varied from 16 to 37 percent.
From the previous experiment, DCF used the least number
of slots per contention, but its collision rate turned out to be
much higher than the other schemes. Typically, the trend is
that the higher number of slots allows reducing the collision
rate.

Finally, we mention an observation between the collision
rate of PREMA and k-EC. At a lower number of stations, k-
EC has a smaller collision rate. However, their collision rate
intersect at about n = 35, and for higher n, PREMA has a
smaller collision rate. This trend happens since PREMA is
based on a longest-burst-prevail policy. Therefore, for a large
number of stations, there is more chance that the geometric
distribution used will produce a large burst and therefore, there
won’t be a collision.

Fig. 4. Collision rate.

7.4 Throughput
The two previous experiments show the insightful measures of
number of slots used and the collision rate. However, we need
to understand their effect on the throughput that is achieved
with the schemes. This part shows the throughput comparison
of the schemes. The experiment environment is similar to
above with 1200 seconds of simulation time, 11 Mbps for
data transmission and 1 Mbps of control rate.

We would like to note that since the throughput of several
of the schemes are close to each other, we used a quite
large simulation time of 20 minutes to obtain stable results.
We noticed that the throughput values at this time are stable
for different simulation runs. For each scenario, we made 10
simulation runs and we show the results in Figs. 5(a), 5(b) and
5(c). On top of every column in the chart, there is an error bar
at a distance d from the column top. The error is defined as the
maximum variation from the average value obtained. That is,
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the column top is at value x, then, all the values obtained are
in the interval [x− d; x + d]. In the figures, the error bars are
almost coincident with the column top since we encountered
typical errors of 0.01 to a maximum 0.11; due to the large
simulation time that we used.

The throughput in Figs. 5(a), 5(b) and 5(c) corresponds to
5, 20 and 50 stations with 802.11b, respectively. Each figure
has seven groups of bars, each corresponding to a frame size,
ranging from 250 bytes to the maximum size of 2346 bytes.
We note the following observations.

• The first observation is that, for a number of stations,
the throughput increases with the larger frame size. This
happens since with larger frames, there is less time spend
in contention and more time spent in transmission in
the simulation time. The same simulation time of 1200
seconds applies for all the cases.

• For a low number of stations, as in the first figure,
the schemes have almost identical performance, although
CONTI maintains a small advantage. The error bars
along with the long simulation time validate the higher
performance of CONTI, although by a small margin.
More importantly, this figure shows that DCF has a
similar performance to the other schemes for the low
number of stations. This, however, is not the case with
larger number of stations where DCF’s performance starts
to slip.

• We also notice that for the small frame size, PREMA
and k-EC are behind DCF and Idle Sense in Figs. 5(a)
and 5(b). In other words, the jamming based schemes
are behind the CW-based schemes (except for CONTI).
This is because the advantage of PREMA and k-EC
is their small collision rate. However, this advantage is
not effective when the frame size is small. When the
frame size is large, PREMA and k-EC surpass DCF and
CONTI since these latter two’s collision rate will waste
a significant portion of time.

• Finally, we make the following observation on the
throughput of PREMA and k-EC. In Fig. 5(a), PREMA
has a higher throughput. However, in Figs. 5(b) and
5(c), k-EC’s throughput surpasses PREMA’s. This trend
happens since k-EC requires less slot with more number
of stations due to its earliest-jam-prevail policy.

7.5 Throughput with IEEE 802.11g
We also show the throughput evaluation with the IEEE
802.11g physical layer in Fig. 5(d). We use the maximum data
rate supported by 802.11g, which is 54 Mbps. The control rate
we use is 2 Mbps, since this rate is mandatory to be supported
in 802.11g. The simulation is also run for 1200 seconds. In
802.11g, even more frames will be transmitted in this time
since the transmission time is shorter, and this will ensure
stable results as well.

In this part we use the following physical layer parameters,
and not the ones in Table 6. The slot time is 9 μs, SIFS
time is 10 μs, DIFS time is 28 μs, CWmin is 15, CWmax
is 1023 and the PLCP overhead is 41.6 μs. However, we
continue using 802.11b after this part for the delay and fairness
measurements.

First off, since all of the four parts in Fig. 5 are on the same
scale, we notice that the normalized throughput of 802.11g is
lower. This is the normalized throughput percent, however, and
802.11g still has higher throughput in Mbps due to its higher
rate. This trend happens because in this simulation there is a
large gap between the control rate of 2 Mbps and the data rate
of 54 Mbps. As a matter of fact, 802.11g is more sensitive to
overhead since the opportunity to transmit a lot of data would
be lost due to higher rates [27]. From Fig. 5(d), however, we
observe that CONTI maintains a slightly higher throughput
than the other schemes for the frame sizes of 600 bytes and
larger.

7.6 Delay
In this part we evaluate the delay of the schemes. The delay is
defined as the time spent from when the frame arrives at the
station’s head of the queue to the time where it’s transmitted
successfully. Similar to above, the experiment to measure the
delay has 1200 seconds of simulation time, 11 Mbps of data
rate and 1 Mbps of control rate. The number of stations and
the frame size are varied and the results are shown in Figs. 6.
The figures also show the error bars, although it’s not well
visible in most of the cases since it’s small. The error was
typically between 0.01 and 0.45. Every result was obtained
based on 10 runs of the simulations with 1200 seconds for
each run.

With 5 stations in Fig. 6(a), DCF and Idle Sense have the
smallest delay. This is because they have the combination of
a low collision rate with 5 stations, and also using a small
number of slots. However, when there are more stations, in
Figs. 6(b) and 6(c), DCF’s delay rises significantly and Idle
Sense doesn’t have an advantage anymore over PREMA and
k-EC. For 20 and 50 stations, CONTI has a small advantage
in the delay values over the other schemes.

7.7 Fairness
In this part, we evaluate the fairness of the MAC schemes.
We use Jain’s fairness index [28] for this measurement. To
evaluate this index, we consider the number of active stations
to be n, and the proportions of the transmitted frames with
respect to the total number of successfully transmitted frames
by each station is given by x1, x2, ..., xn, respectively. The
Jain’s index is then given by the following:

f(x1, x2, ..., xn) =
(
∑n

i=1 xi)2

n.
∑n

i=1 x2
i

(21)

The value of this index ranges from 0 to 1. A value that is
close to zero means a low fairness between the users, while a
value approaching 1 designates a high fairness. We investigate
several factors that affect the fairness: the time-scale (to
understand short-term fairness and long-term fairness), the
frame size and the number of the stations.

Short-term vs. Long-term Fairness: To evaluate the short-
term fairness, we implement the sliding window mechanism
that is presented in [29]. This mechanism requires a transmis-
sion trace, which is a set of the stations’ IDs, in the order in
which they transmitted. First, we consider a window starting
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(a) Throughput of 5 Stations with IEEE 802.11b (b) Throughput of 20 Stations with IEEE 802.11b

(c) Throughput of 50 Stations with IEEE 802.11b (d) Throughput of 20 Stations with IEEE 802.11g

Fig. 5. Throughput with IEEE 802.11b&g

(a) Delay of 5 Stations (b) Delay of 20 Stations (c) Delay of 50 Stations

Fig. 6. Delay with IEEE 802.11b

at the first element of the trace and of length w. We find
Jain’s index on this window. Then we slide the window (still
of length w) by one element to the right and we find Jain’s
index again. We keep sliding the window until the right side of
the window reaches the last element in the trace. We average
all the index values on all the windows. This would be the
average value associated with the window size w. Then, we
plot the average index against the values of w.

In this scenario, we have 20 stations that are transmitting.
The trace size is 5000. We vary the window size from 20 up
to 1000 as we measure the averaged Jain’s index. The results

are shown in Fig. 7. Apparently from the figure, DCF has the
lowest fairness among all the window sizes. CONTI, PREMA
and k-EC have a comparable fairness, while Idle Sense has a
slightly higher fairness. As the time evolves into long-term, all
of the schemes’ fairness approaches 1. However, the difference
is in the speed of convergence which is the short-term fairness.

One reason why Idle Sense has a better fairness than
CONTI, PREMA and k-EC is that Idle Sense require each
station to select one random number per access. On the other,
CONTI, PREMA and k-EC, even though they give the same
parameters to all the stations, they require the selection of
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multiple random numbers in one access. That might introduce
more randomness in the distribution of access than with Idle
Sense.

Fig. 7. Averaged Jain’s Index over Sliding Window

Fairness vs. Frame Size: We measure the fairness when
the frame size changes. The results are shown in Fig. 8. We
observe that there is a trend that happens on a specific short
term basis. For CONTI, PREMA, k-EC and Idle Sense, this
short term is around 0.5 seconds. At this term basis, smaller
frame sizes give a higher fairness. This is because there would
be more frames transmitted with the smaller frame size; hence,
fairness will increase in accordance with the result of Fig. 7.
At the simulation smaller than 0.5 seconds, the error bars were
too large to draw any conclusion. A the simulation time that’s
larger than 0.5 seconds, this curve becomes too flat so that
the trend disappears. It seems every scheme has a short term
interval where this trend would be observed.

For CONTI, PREMA, k-EC and Idle Sense, this short term
was 0.5 seconds. For DCF, this short term was 2 seconds,
hence its result in Fig. 8 are for 2 seconds of simulation time.
All of the results are based on error from 10 simulation runs.

Fig. 8. Fairness vs. Frame Size

Number of Stations: We measure the fairness when the
number of stations changes. Similarly to the previous exper-
iment, this effect occurs on a time scale that is around 0.5

seconds for CONTI, PREMA, k-EC and Idle Sense, and at 2
seconds for DCF.

In this experiment, the frame size is 1500 bytes. The result
is shown in Fig. 9. Every value shows the error bar based on
10 simulation runs. The observation from this experiment is
the following.

When there are more stations, it’s more likely that unfairness
will happen since there are more possibilities of the distri-
bution of successful frames among the stations. This is the
trend that’s observed in the short term. As the simulation time
increases, this trends diminishes.

Fig. 9. Fairness vs. Number of Stations

Finally, we conclude the following from the fairness mea-
surement.

1) In longer simulation time, more fairness is observed,
unlike the short term where there’s more difference
between the schemes.

2) The frame size affects the fairness in the short term only,
where the small frame size gives more fairness. This
disappears in the long term.

3) The number of stations affects the fairness in the short
term only, where less stations give higher fairness. This
observation diminishes in the long term.

8 CONCLUSION
This paper presented a comparison of MAC schemes for
wireless LANs. Our scheme, which attempts to resolve the
contention in a constant-time (CONTI), was compared to other
schemes, namely, DCF, PREMA, k-EC and Idle Sense. First,
we reviewed the related work and described the operation of
a few schemes that we compare against. Then, we presented
the details of CONTI and obtained its optimal parameters
in two ways: one algorithmic approach and one optimization
approach. Following, we presented an analysis that shows the
effect of the contention slot on the throughput of CONTI.
Finally, in the simulation results, we compared the perfor-
mance of CONTI to other schemes. From the experiments,
we started by showing the number of slots in a contention
and the collision rate. Then, we showed the throughput where
CONTI provided a small advantage over the schemes in the
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majority of the cases. We also showed the delay where DCF
and Idle Sense provided the lowest delay for the small number
of stations, equal to 5. However, CONTI provided the lowest
delay for the medium and large size network, with 20 and 50
stations, respectively. Finally, we made a fairness comparison
that showed that Idle Sense has the highest fairness, followed
equally by CONTI, PREMA and k-EC, then finally by DCF.
In the last part we showed that a smaller frame size and a
smaller number of stations increase the fairness; but this trend
happens temporarily on a short-term basis.
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