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Abstract—The distributed coordination function (DCF) of the
IEEE 802.11 standard based medium access control has drawn
significant interest from the researchers in the past decade.
Many proposals of its performance analysis and modifications
to remove its limitations are proposed. In this paper we are
considering some recent proposals to make a detailed study
of the performance comparison between DCF, CONTI, k-EC,
and PREMA, which are various contention resolution schemes
proposed in various independent researches. The criteria for
performance comparison that we use are collision rate, through-
put, and average delay between successful transmissions. Also,
we consider queuing delay using an exponential on-off based
unsaturated model for these protocols whose implementation and
performance is consistent with the saturated mode used in the
above contention schemes.

I. INTRODUCTION

Within the last few years the world has encountered a
huge revolution in technology, the Wi-Fi revolution, that has
made access to the Internet mobile and more convenient. The
ubiquitous presence of IEEE 802.11 standard based wireless
devices has made it possible and so it draws a lot of attention
from the researchers across the world. Wireless access today
has become a necessity in our daily lives. Thus, majority of the
computers and other mobile devices sold to consumers today
come pre-equipped with the Wi-Fi functionality.

Being adopted in the year 1997, IEEE 802.11 was the first
wireless LAN standard accepted worldwide [1]. It provides
transmission in the 2.4GHz/5GHz band. The IEEE 802.11
series adopted a common MAC protocol that provided medium
access schemes. The basic scheme was called distributed
coordination function (DCF), which is a carrier sense multiple
access protocol with collision avoidance (CSMA/CA) with
binary exponential backoff. In the basic access mechanism,
a device that wants to transmit a data packet waits until the
channel is sensed free for an interval named distributed inter
frame spacing (DIFS). However, if two stations detect the
channel as free at the same time, a collision occurs. The
802.11 thus defines this collision avoidance basic mechanism
that reduces the probability of such collisions. To do so, before
transmitting, the device has to keep on sensing the channel for
an additional random time after detecting the channel as being
idle for a DIFS period. This period is determined by the binary
exponential backoff algorithm. It chooses a random number
from a uniform distribution in the range (0,w− 1), where w
is called the contention window size. At the first attempt to
transmit a packet, w is set to the minimum contention window

size, CWmin and with every unsuccessful attempt to transmit a
packet, the size of w doubles until a maximum size is reached
for the range, CWmax = 2mCWmin, where m is the maximum
retry stage. When a packet is successfully transmitted, w is
reset to CWmin. Once the backoff value is chosen, it will be
decremented each time the medium is detected to be idle for
an interval of one slot time. If any other node captures the
channel during this backoff period, it halts its backoff counter
and waits for the channel to remain free for another DIFS
period. Otherwise, it transmits the data packet when its backoff
counter reaches zero. Collision occurs if two devices select the
same slot to transmit data and in such cases the corresponding
retry counter increments and backoff interval increases. If the
data has been successfully transmitted, the receiving station
waits for a short inter-frame spacing time (SIFS) and then
transmits an acknowledgement (ACK) message to the sender
to confirm about the successful transmission.

Over the past decade, enormous research effort is invested
to model and evaluate the performance of the IEEE 802.11
protocol [2], [3], [4], [5]. The limitations of the DCF have
been identified [6] and many researchers have worked to
improve the performance of these standards and proposed
many new schemes [7], [8], [9]. We did extensive study
of the 802.11 DCF mechanism and other recent proposals.
Among them the PREMA [10], k-EC [11], and CONTI [12]
are the most promising ones. Their saturation performance
analysis is discussed in [12] and other related papers. But a
detailed comparison of their unsaturated performance analysis
is lacking. This paper undertakes analysis of both the satura-
tion and non-saturation performance of these protocols based
on an exponential on-off model. The comparison is based
on the collision, packet transmission delay, queuing delay,
and throughput for each of these protocols. To make a fair
comparison among the schemes we use the physical layer
parameters of the 802.11a/g standard.

II. PERFORMANCE METRICS

In this section, we define the parameters based on which
we evaluate the performance and efficiency of the various
contention resolution schemes in the saturated and unsaturated
model. We draw a comparison between these schemes and
we do this based on the following criteria: collision rate,
throughput, queuing delay, and packet transmission delay.



A. Collision Rate

When two nodes/stations try to transmit data packets over
the same network at the same time, their packets collide and
are lost or destroyed. This is known as collision. Collision
rate is defined as the ratio of collisions to total transmissions.
An increased rate of collision means higher number of re-
transmissions and inefficient use of channel bandwidth. Every
mechanism aims to reduce the probability of collision during
transmission.

B. Throughput

This parameter indicates the average percentage of total time
when the channel is used for transmitting the payload data.
We have assumed a data rate of 36 Mbps for data packet
transmission and 6 Mbps for control packet as well as MAC
and PHY headers transmissions.

C. Packet Transmission Delay

In the unsaturated model, delay is defined as the time
spent from when the frame arrives at a node’s transmission
queue to the time when it is transmitted successfully. As
the number of contending stations increases, it leads to less
frequent transmission from the stations and thus the delay
increases significantly. In the saturation model, we do not
consider queuing delay but only the delay from the head of
queue to the time it is successfully transmitted.

D. Queuing Delay

Queuing delay is the average time a packet has to remain
in the queue to get the chance of being transmitted. So it is
defined as the gap between the arrival time and the time when
it reaches its head of queue. It is meaningless to consider
queuing delay in saturation mode as the queue is always full.

III. RELATED RESEARCH WORKS

A. CONTI

This MAC scheme attempts to resolve contention in a
constant time, and thus it is named CONTI. It is a jamming
based scheme that works based on the following parameters: n
- the number of contenting stations, k - the number of backoff
slots, p - probability vector used by the stations to decide
whether to transmit a pulse or listen.

Before a contention slot occurs, a station must choose a
signal based on a probability chosen from a probability vector
of length k. The probability of choosing a signal 1 (i.e.,
transmit a pulse) is pi and that of choosing a signal 0 (i.e.,
listen) is 1− pi. The i-th element of the probability vector
corresponds to pi. All the nodes use the same probability
vector. Each of the n stations chooses a signal based on this
probability and contend over k slots. During a contention slot,
a station with signal 1 transmits a jam, which is only a burst
of energy and does not contain any actual data. A station with
signal 0 listens to the channel. If it hears a jam, the station is
eliminated from the contention. However, if it does not hear
the presence of a jam, it stays in the contention and moves
on to the next slot. At the last slot, the station(s) that remains

transmits its data frame. If there is more than one station at this
stage, their frames collide. In order to increase the efficiency of
the scheme, the values of the parameters should be optimized.

Fig. 1(a) shows an example of this scheme. There are
six contending stations. At the beginning of the contention,
stations 2, 4, and 5 have chosen a signal 1 and thus preempt
stations 1, 3, and 6 who have chosen a signal 0. In the second
slot, these remaining stations choose signal 0 and thus they
all listen to the channel, so no one is preempted. The stations
move to the third slot where station 5 is preempted by stations
2 and 4. In the last slot, station 2 preempts station 4 and
transmits its data frame successfully.

B. PREMA

Another contention resolution scheme goes by the name
Prioritized Repeated Eliminations Multiple Access (PREMA),
which is once again a jamming based protocol. All the stations
contend to access a shared channel and this channel is slotted.
In each slot, a station can perform one of two actions. It can
either perform carrier sensing or it can send a burst onto
the slot. Which action a station will perform depends on
a probability parameter. When, for a slot i, the probability
is P(Ai = tx) = qi, the station transmits a short burst on to
the channel. If the probability is P(Ai = cs) = 1− qi = pi,
the station performs carrier sensing. If the station senses the
channel busy, it is eliminated. If it senses the channel to
be idle, it increases its idleslots counter by one. PREMA
describes a parameter h, and when idleslots = h, the station
has successfully eliminated all other stations and thus transmits
its data frame. In a saturated model, we ignore the probabilities
mentioned above and assume that all nodes want to send a
packet. Each node will transmit a burst with length sampled
from a geometric distribution with parameter q followed by a
carrier sense slot.

An example is given below to illustrate how this mechanism
works (Fig. 1(b)). In this example, n= 6, h= 4, and q= 0.5. At
the beginning of the contention, all the stations wait for TIFS.
After that they either perform carrier sensing or transmit a
burst depending on the probability q. In the example S2 and
S5 perform carrier sensing and leave the contention as they
find the channel to be busy. In the next slots, S3 and S6 are
eliminated in the same way. Only S1 and S4 survive the first
elimination and move to the second elimination round where
S1 is eliminated. S4 performs two more eliminations and when
its idleslots = h, it transmits.

C. k-EC

The k-round Elimination Contention scheme is, like
PREMA, a jamming based scheme. The basic idea of this con-
tention resolution algorithm is to quickly reduce the number
of contending nodes through elimination.

This scheme describes a parameter k, which denotes the
number of rounds of elimination and another parameter m,
which is the maximum number of slots. All the stations that are
contending choose a random number uniformly in the range
[0 to m−1] and transmit only one jam in that slot number. For



 
(a) Contention resolution using
CONTI

(b) PREMA example scenario with six nodes  (c) An example of a k-EC protocol

Fig. 1: Different proposals to modify the IEEE 802.11 DCF.

example, if a station chooses 0, it means that it sends a jam
in the first slot. The station that is not jamming is listening to
the channel by carrier sensing. If this station hears a jam it is
out of the contention i.e., eliminated. The other stations move
to the next slot.

This scheme is insensitive of the number of stations that are
contending to access the channel. Thus it is very effective for
use in large networks. Optimized values of k and m are used.
The authors use k = 7 and m = 3 as empirically obtained best
parameters.

Fig. 1(c) illustrates an example of k-EC where k = 6. The
black bar denotes the time when the medium is jammed.

IV. THE SATURATION MODEL

We present the simulation results for saturation performance
of the aforementioned protocols in this section. We compare
the performances of DCF, CONTI, PREMA and k-EC based
on our simulation results. In order to carry out the simulations
for the performance analysis of the schemes, we use the
SimJava [13] simulation environment. SimJava is a discrete
event simulation library for java.

A. Parameters

The physical layer we consider is the 802.11a/g [14]. In
our simulations we are going to use the optimized parameters
for each of the contention resolution schemes. For CONTI,
we use the number of slots, k = 7 and probabilities, p =
{0.18.0.31,0.40,0.48,0.48,0.49,0.49}. For PREMA, number
of elimination rounds h = 4, geometric distribution parameter,
q = 0.5, and for k-EC, number of rounds, k = 7, maximum
length of a round, m = 3.

B. Percentage Collision

This part shows the percentage collision of the schemes. The
results are shown in Fig. 2(a). We varied the number of stations
from 1 to 50 and the results were taken for even number of
nodes. We notice that the percentage collision is lowest for
PREMA and k-EC. For PREMA, percentage collision varies
between 0 to 2.14 percent and for k-EC, this value varies
between 0 to 1.82. CONTI has a percentage collision that is
slightly higher than these and goes up to 3.55 percent for
50 nodes. Finally, DCF has the highest value for percentage
collision that can be as high as 50.42 percent.

C. Throughput

Above all other parameters, we need to understand the effect
of increasing number of nodes on the normalized throughput
for each of the contention resolution schemes. From Fig. 2(b),
we can see that CONTI has the highest throughput although
all the schemes have almost identical performances until up
to 10 nodes.

From these plots we can draw a few conclusions. The first
observation is that CONTI has the best performance in terms
of throughput. DCF has similar performance as CONTI for
low number of nodes but, its performance starts to fall as
the number of nodes increases due to high collision rates.
Secondly, PREMA and k-EC are behind DCF and CONTI in
terms of throughput. However, k-EC’s throughput is slightly
higher than that of PREMA as k-EC requires fewer slots with
more number of stations.

D. Average Time Wasted in Contention Resolution

Average time wasted in contention is the amount of time
spent or wasted in resolving the contention for each successful
packet transmission. The lesser the time wasted in resolving
the contention, the better is the contention resolution scheme.

Fig. 2(c) shows our simulation results for the average time
wasted in contention for DCF, CONTI, PREMA, and k-EC.
From the plots we can see that CONTI wastes the highest
amount of time in contention resolution and this value rises
steeply with increasing number of nodes. DCF and PREMA
have somewhat similar results although at the very beginning
with only a few numbers of nodes, all the four contention
resolution schemes have similar values for time wasted in
contention. k-EC shows the best performance as it wastes the
lowest amount of time in contention resolution.

E. Delay

We also evaluated the delay of the four contention resolution
schemes. Fig. 2(d) presents a comparison of the average
delay. It shows that the delay increases as the number of
contending nodes increases, as expected. This is because as
the number of contending nodes increases the frequency of
packet transmission decreases. With as small as 10 nodes,
DCF and CONTI have the smallest delay because they have
low collision rates and small number of slots. With increasing
number of nodes the average delays of DCF, PREMA and
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(b) Normalized throughput
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(c) Average time wasted in contention
resolution
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(d) Packet transmission delay

Fig. 2: Saturation performance evaluation for CONTI, PREMA, and k-EC against IEEE 802.11 DCF.

k-EC starts increasing. CONTI has a small advantage in the
delay values over the other schemes.

F. Summary of Observations
From all the above plots and the conclusions that we

have drawn, we can summarize that for saturation model,
CONTI is the best contention resolution scheme compared
to DCF, PREMA, and k-EC. In terms of throughput and
Delay, CONTI has shown a very good performance as it had
the highest throughput and lowest delay. Although k-EC and
PREMA performs better than CONTI in terms of the collision
rate and average time spent in contention, the main aim of
a contention resolution scheme is to decrease collision but
keep the throughput as high as possible, which, CONTI has
managed to achieve. While CONTI loses in average time spent
in contention, it more than makes up for it in terms of collision
rate, throughput, and average delay.

V. THE UNSATURATED MODEL

The results discussed in the previous section was for the
saturated model of a network where all the nodes in the
network always have a data packet that it wants to transmit.
In other words, the queue of a node is assumed never empty.
In this part of the paper we consider an unsaturated model
that is close to a real networking scenario where a given node
does not always have a packet to send. The queue of a node
will have a packet as soon as one is generated. In this case,
we modify our codes so that a node will first check its queue
for a packet that needs to be transmitted before sensing the
medium idle for DIFS.

The generation of a packet follows an exponential distribu-
tion with parameter called a mean off-time. An off-time using
this mean is chosen by the data generator of each node and
it waits for this amount of time before pushing a data packet
into the node’s queue. The data generator and node entities in
the simulation environment work simultaneously and indepen-
dently to be able to work according to our proposed model.

We study the behavior of the contention resolution schemes
in three different scenarios where the mean off-times are 100,
1000 and 10000 µs respectively. In this section, we present
the results of our simulation in the unsaturated model for
DCF, CONTI, PREMA, and k-EC. We draw a comparison
between the percentage collision, throughput, delay, average
time wasted in contention, and average queuing delay for three
different mean off-times.

A. Mean Off-time = 100 µs

Here the nodes will remain silent with an exponential
distribution with mean = 100 µs and then a data packet will
be generated. We will find that this data generation rate is
actually too high to drive a node into saturation effectively.

1) Collision rate: As expected, the collision rate with mean
off-time = 100 µs is similar to the saturated model as the
generation time of the packets is very small. Fig. 3(a) shows
that DCF has the highest rate of collision.

2) Throughput: With the number of nodes as small as 10,
the throughput of DCF and CONTI are similar. As the number
of nodes increases the performance of DCF degrades as the
collision rate increases (Fig. 3(d)). CONTI has the highest
throughput. PREMA and k-EC has a near constant throughput.

3) Delay: Even in the unsaturated model, DCF has the
highest amount of delay with the exception that PREMA and
k-EC now have a lower delay than CONTI (Fig. 3(g)).

4) Average time wasted in contention: For the unsaturated
model, we also calculated the average time wasted in con-
tention and the lower this time, the better the scheme. CONTI
wastes the highest amount of time in contention as it sends
jam for the entire seven slots (Fig. 3(j)). On the other hand,
DCF and PREMA have similar results. k-EC wastes the least
amount of time in contention.

5) Average queuing delay: Queuing delay is the time a
packet spends in the queue. This time is measured from when
the packet is pushed into the queue up until it reaches to the
head of queue. The lesser the queuing delay, the better the
contention scheme. From Fig. 3(m) we can see that DCF has
the worst performance as the packets have to wait for a long
time in queue. K-EC and PREMA show similar performance.
CONTI has the best performance. As for this case, the nodes
reach saturation very quickly, queuing delay becomes constant
very quickly.

B. Mean Off-time = 1000 µs

Here, we will find that the network is moderately utilized.
For, low number of nodes, much of the overall capacity of the
network is wasted and gradually it reaches to saturation with
the increase in number of nodes.

1) Collision rate: For mean off-time = 1000 µs, we can see
that DCF has the highest rate of collision. CONTI, PREMA
and k-EC show almost the same collision rate (Fig. 3(b)).



DCF CONTI PREMA KEC
1 0 0 0 0
2 5.93 1.56 3 0.12
4 12.12 1.41 1.89 0
6 17.81 1.15 2.19 0.48
8 23.73 1.67 1.78 0.6

10 24.72 2.01 2.67 0.3
12 28.18 1.97 1.33 0.71
14 30.05 2.26 1.39 0.47
16 31.16 2.18 1.75 0.59
18 32.1 2.56 1.57 0.74
20 33.64 2.22 2.29 0.88
22 34.69 2.59 2.05 0.81
24 35.25 2.24 1.81 0.82
26 37.02 2.93 2.11 0.93
28 38.54 2.99 1.87 0.87
30 38.15 2.8 2.58 1.62
32 39.8 3.18 1.4 1.56
34 39.38 3.33 1.7 1.04
36 40.92 3.66 1.87 1.55
38 42.32 2.87 1.87 1.43
40 42.23 3.59 1.09 1.7
42 42.42 3.66 2.17 1.59
44 42.86 3.2 1.45 1.81
46 44.31 3.97 1.33 1.8
48 44.55 3.98 2.05 1.91
50 43.76 4.5 1.15 1.91
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(a) RTS collision rate (offtime = 100 µs)
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(b) RTS collision rate (offtime = 1000
µs)
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(c) RTS collision rate (offtime = 10000
µs)

DCF CONTI PREMA KEC
1 0.43 0.49 0.44 0.42
2 0.46 0.48 0.43 0.42
4 0.48 0.48 0.43 0.42
6 0.49 0.49 0.42 0.43
8 0.49 0.5 0.42 0.43

10 0.5 0.5 0.42 0.43
12 0.49 0.51 0.42 0.43
14 0.49 0.5 0.42 0.43
16 0.49 0.52 0.42 0.43
18 0.49 0.52 0.42 0.45
20 0.49 0.51 0.42 0.43
22 0.49 0.51 0.42 0.43
24 0.49 0.54 0.42 0.44
26 0.49 0.53 0.42 0.44
28 0.49 0.56 0.42 0.44
30 0.49 0.52 0.41 0.44
32 0.48 0.55 0.42 0.44
34 0.49 0.54 0.42 0.44
36 0.48 0.55 0.42 0.44
38 0.48 0.56 0.42 0.44
40 0.48 0.57 0.42 0.44
42 0.48 0.58 0.42 0.44
44 0.48 0.6 0.42 0.44
46 0.48 0.61 0.42 0.45
48 0.48 0.59 0.42 0.45
50 0.48 0.59 0.42 0.45
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(d) Normalized throughput (offtime =
100 µs)
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(e) Normalized throughput (offtime =
1000 µs)

Nodes DCF CONTI PREMA K-EC
1 0.03 0.03 0.03 0.03
2 0.05 0.05 0.05 0.05
4 0.1 0.1 0.09 0.09
6 0.16 0.14 0.14 0.14
8 0.22 0.18 0.18 0.18

10 0.27 0.23 0.22 0.22
12 0.32 0.26 0.26 0.25
14 0.37 0.29 0.28 0.28
16 0.42 0.32 0.31 0.3
18 0.48 0.35 0.33 0.32
20 0.49 0.37 0.34 0.34
22 0.5 0.38 0.36 0.35
24 0.49 0.4 0.37 0.36
26 0.49 0.41 0.38 0.37
28 0.49 0.42 0.39 0.38
30 0.49 0.43 0.4 0.38
32 0.49 0.44 0.4 0.39
34 0.48 0.45 0.41 0.39
36 0.48 0.46 0.41 0.4
38 0.48 0.46 0.41 0.4
40 0.48 0.47 0.42 0.4
42 0.48 0.47 0.42 0.41
44 0.48 0.48 0.42 0.41
46 0.48 0.48 0.42 0.41
48 0.48 0.48 0.42 0.41
50 0.48 0.48 0.42 0.41
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(f) Normalized throughput (offtime =
10000 µs)

0 

5 

10 

15 

20 

25 

30 

1 4 8 12 16 20 24 28 32 36 40 44 48 

Av
er

ag
e 

 d
el

ay
 in

 m
s 

Nodes 

DCF 
CONTI 
PREMA 
KEC 

(g) Packet transmission delay (offtime =
100 µs)
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(h) Packet transmission delay (offtime =
1000 µs)

NODES DCF CONTI PREMA K-EC
1 0.599 0.561 0.583 0.61
2 0.626 0.526 0.589 0.625
4 0.671 0.554 0.624 0.661
6 0.71 0.569 0.648 0.683
8 0.791 0.584 0.669 0.7

10 0.899 0.599 0.689 0.723
12 1.052 0.619 0.715 0.753
14 1.329 0.649 0.735 0.765
16 2.046 0.663 0.75 0.791
18 3.7818 0.674 0.767 0.803
20 7.569 0.689 0.781 0.813
22 9.2082 0.694 0.79 0.826
24 10.875 0.703 0.801 0.833
26 12.2718 0.712 0.809 0.839
28 13.6638 0.726 0.822 0.848
30 14.5258 0.743 0.832 0.852
32 15.6188 0.748 0.838 0.859
34 16.7764 0.753 0.848 0.864
36 17.5078 0.766 0.861 0.869
38 18.816 0.77 0.864 0.874
40 19.6448 0.764 0.867 0.877
42 20.7524 0.772 0.876 0.88
44 21.6824 0.784 0.88 0.883
46 22.377 0.786 0.89 0.882
48 23.3426 0.793 0.889 0.884
50 24.4884 0.786 0.89 0.887
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(i) Packet transmission delay (offtime =
10000 µs)

DCF CONTI PREMA KEC
1 0.169 0.076 0.129 0.151
2 0.21386 0.151 0.17 0.16
4 0.28762 0.301 0.218 0.166
6 0.30843 0.445 0.264 0.172
8 0.347 0.598 0.311 0.18

10 0.3724 0.723 0.357 0.188
12 0.4148 0.811 0.401 0.198
14 0.4472 0.983 0.446 0.209
16 0.4846 1.096 0.492 0.22
18 0.5302 1.178 0.537 0.229
20 0.583 1.351 0.584 0.242
22 0.6056 1.482 0.627 0.253
24 0.6274 1.554 0.669 0.264
26 0.6832 1.701 0.716 0.275
28 0.7276 1.763 0.759 0.288
30 0.7482 1.93 0.805 0.3
32 0.8106 1.98 0.844 0.314
34 0.7874 2.117 0.891 0.324
36 0.8572 2.198 0.936 0.366
38 0.8824 2.274 0.981 0.346
40 0.9304 2.358 1.02 0.359
42 0.9638 2.448 1.068 0.369
44 0.9718 2.533 1.111 0.382
46 1.0352 2.629 1.151 0.395
48 1.0666 2.745 1.198 0.406
50 1.0862 2.86 1.235 0.417
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(j) Duration of contention (offtime = 100
µs)

NODES DCF CONTI PREMA K-EC
1 0.174 0.074 0.126 0.15
2 0.217 0.095 0.142 0.153
4 0.3026 0.157 0.175 0.16
6 0.3242 0.228 0.205 0.164
8 0.3358 0.309 0.235 0.167

10 0.3918 0.37 0.263 0.171
12 0.4118 0.435 0.291 0.176
14 0.4714 0.492 0.32 0.181
16 0.4802 0.577 0.348 0.187
18 0.5316 0.658 0.378 0.192
20 0.5704 0.718 0.407 0.197
22 0.591 0.75 0.435 0.203
24 0.6768 0.86 0.461 0.21
26 0.6694 0.954 0.493 0.215
28 0.734 0.968 0.519 0.223
30 0.7526 1.02 0.552 0.229
32 0.8088 1.126 0.58 0.236
34 0.8402 1.209 0.608 0.243
36 0.8392 1.24 0.636 0.25
38 0.8958 1.356 0.668 0.256
40 0.8916 1.448 0.697 0.263
42 0.9954 1.47 0.724 0.269
44 1.0056 1.51 0.755 0.276
46 0.9924 1.58 0.781 0.283
48 1.0296 1.665 0.811 0.288
50 1.0514 1.685 0.838 0.297
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(k) Duration of contention (offtime =
1000 µs)

NODES DCF CONTI PREMA K-EC
1 0.182 0.074 0.131 0.146
2 0.179 0.075 0.127 0.151
4 0.19 0.078 0.133 0.154
6 0.185 0.08 0.135 0.153
8 0.184 0.082 0.135 0.152

10 0.186 0.084 0.136 0.151
12 0.187 0.087 0.136 0.152
14 0.201 0.092 0.14 0.153
16 0.2328 0.096 0.141 0.154
18 0.31 0.099 0.143 0.154
20 0.4398 0.104 0.146 0.155
22 0.5042 0.11 0.148 0.155
24 0.5698 0.115 0.15 0.155
26 0.615 0.12 0.154 0.156
28 0.6744 0.127 0.156 0.157
30 0.7068 0.133 0.159 0.157
32 0.7528 0.138 0.162 0.158
34 0.7894 0.145 0.167 0.159
36 0.8104 0.153 0.169 0.159
38 0.866 0.158 0.172 0.159
40 0.8696 0.165 0.175 0.161
42 0.9218 0.172 0.179 0.165
44 0.9374 0.179 0.182 0.161
46 1.0068 0.185 0.186 0.161
48 1.0288 0.193 0.189 0.162
50 1.0594 0.198 0.191 0.162
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(l) Duration of contention (offtime =
10000 µs)

DCF CONTI PREMA KEC
1 589.96 562.945 576.048 584.206
2 638.7443 566.747 580.65 583.013
4 667.7217 567.218 581.23 581.578
6 678.266 571.386 584.037 582.637
8 685.4327 558.714 583.97 583.547

10 687.1027 560.573 587.237 583.32
12 690.34 564.953 586.435 583.736
14 692.5623 566.902 588.666 582.944
16 695.2177 558.637 589.579 583.467
18 697.3677 565.596 590.69 569.22
20 699.713 570.652 590.803 583.275
22 695.165 570.226 593.976 584.836
24 695.1583 556.519 592.744 584.766
26 695.8847 562.379 581.207 584.486
28 702.2823 548.389 595.039 585.006
30 702.105 564.725 596.851 584.937
32 704.1527 552.266 595.544 584.579
34 706.7267 562.504 597.285 585.954
36 701.0273 553.877 597.731 588.226
38 706.7623 554.04 598.392 589.966
40 706.6833 557.681 599.531 590.837
42 708.7117 554.655 599.792 591.404
44 708.057 568.674 600.967 591.185
46 707.2723 542.797 601.474 592.487
48 707.8913 543.661 602.708 592.72
50 701.244 537.936 602.361 593.23
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(m) Queuing delay (offtime = 100 µs)
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(n) Queuing delay (offtime = 1000 µs)

NODES DCF CONTI PREMA K-EC
1 0.182 0.531 0.6 0.629
2 0.179 0.542 0.608 0.647
4 0.19 0.571 0.644 0.685
6 0.185 0.588 0.671 0.707
8 0.184 0.6 0.693 0.725

10 0.186 0.619 0.716 0.747
12 0.187 0.637 0.739 0.778
14 0.201 0.669 0.759 0.793
16 0.2328 0.682 0.774 0.814
18 0.31 0.696 0.792 0.829
20 0.4398 0.709 0.804 0.837
22 0.5042 0.714 0.811 0.854
24 0.5698 0.725 0.829 0.86
26 0.615 0.735 0.838 0.867
28 0.6744 0.749 0.849 0.877
30 0.7068 0.767 0.861 0.879
32 0.7528 0.77 0.868 0.883
34 0.7894 0.776 0.872 0.889
36 0.8104 0.793 0.892 0.895
38 0.866 0.793 0.89 0.898
40 0.8696 0.787 0.894 0.905
42 0.9218 0.795 0.904 0.905
44 0.9374 0.809 0.907 0.909
46 1.0068 0.81 0.918 0.91
48 1.0288 0.82 0.918 0.909
50 1.0594 0.81 0.914 0.913
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(o) Queuing delay (offtime = 10000 µs)

Fig. 3: Performance measurement of different protocols for IEEE 802.11 DCF.

2) Throughput: Fig. 3(e) shows the throughput comparison
of DCF, CONTI, PREMA, and k-EC for mean off-time = 1000
µs. When the number of nodes is small, DCF and CONTI
have similar throughput values. As the number of nodes
increases, the throughput of DCF decreases as the collision

rate increases. PREMA and k-EC have similar throughput
values throughout. However, k-EC has an advantage over
PREMA as it can eliminate maximum number of nodes in one
elimination round. Overall, CONTI has the highest throughput.



3) Delay: DCF has the highest delay. CONTI, PREMA and
k-EC have similar values for delay. With increasing number
of nodes, the delay for k-EC decreases (Fig. 3(h)).

4) Average time wasted in contention: For low number of
nodes, all the four schemes waste almost the same amount
of time in contention. As the number of nodes increase,
CONTI has the highest amount of time wasted in contention
(Fig. 3(k)).

5) Average queuing delay: From the plots we can see that
DCF has the worst performance as the packets have to spend
a very high amount of time in queue before being transmitted.
Whereas CONTI, PREMA, and k-EC, the queuing delay is
very low. For DCF, the delay goes up to 680.52 µs whereas
for k-EC the delay is 18 µs which is the lowest (Fig. 3(n) ).

C. Mean Offtime = 10000 µs

For such high values of off-time, we will find that the
network is underutilized except of high number of nodes.

1) Collision rate: The lower the collision rate, the better
the contention resolution scheme. In the above plots, we can
see that DCF has a very high collision rate whereas the
collision rates for CONTI, PREMA and k-EC are very low.
The collision rate for DCF increases steeply with the increase
in number of nodes (Fig. 3(c)).

2) Throughput: Almost up to 40 nodes, DCF has the
highest throughput. However, from 40 nodes onwards the
throughput of DCF decreases and we see an increase in the
throughput of CONTI, PREMA and k-EC. When the number
of nodes is 50 and above, CONTI gives the best throughput
result (Fig. 3(f)).

3) Delay: As the number of nodes increases, the delay
for DCF is ever increasing. On the other hand, the delay for
CONTI, PREMA and k-EC is relatively very low and thus
these three schemes are better in terms of delay (Fig. 3(i)).

4) Average time wasted in contention: DCF wastes the
maximum amount of time in contention. For only a few nodes,
CONTI gives a good performance in terms of time wasted in
contention. When the number of nodes is larger, k-EC takes
lesser time (Fig. 3(l)).

5) Average queuing delay: The time spent by packets in
queue in the DCF scheme is very high compared to the other
schemes. CONTI shows the best performance (Fig. 3(o)).

D. Summery of Non Saturation Performance Analysis

The first set of results where we used the parameter of 100
µs off-time was to verify that our proposed unsaturated model
behaves similarly to the saturated model with the assumption
that a very small off-time will produce near identical results.
The remaining two sets of results with parameters 1000 µs
and 10000 µs off-time were to check if the results of the
unsaturated models were consistent with respect to parameter
changes. In our findings we observe that we get the expected
results with just a few deviations.

Across all scenarios, we find that CONTI outperforms the
remaining contention schemes in terms of throughput and
delay. CONTI performs worst when it comes to average time
spent in contention and this eventually hampers a potentially

greater throughput that can be achieved with this scheme
had it not been for the time wasted in contention. Although
k-EC outperforms CONTI in terms of contention, average
delay and time wasted in contention, its throughput, which
is a major contributing factor to the success of a scheme, is
very poor. PREMA performs similarly to k-EC except k-EC
is better than PREMA. As expected, DCF performs poorly
on all accounts except for its throughput and time wasted in
contention compared to k-EC and PREMA when the medium
is fairly busy. But when the medium is very underutilized,
DCF can outperform all three proposals.

VI. CONCLUSION

Despite its drawbacks and scopes for improvements, IEEE
802.11 has remained relatively unchanged over the past
decade. Many proposals have been made for its performance
improvement, but IEEE 802.11 DCF has survived for its
simplicity, fairness and ad hoc deployment capabilities. In
this paper, we have considered some strong DCF schemes
to improve IEEE 802.11 and simulation studies show their
comparison for both saturated and unsaturated models. All the
proposals in this paper confirm the benefits of fairness and ad-
hoc capacity of IEEE 802.11 DCF, thereby suggesting further
research in the area of improving future IEEE 802.11 DCF
versions.
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