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Abstract
In this research, an Adaptive Distributed Inter Frame Space (ADIFS) has been proposed for IEEE
802.11 Medium Access Control (MAC) protocol. The aim of this approach is to improve Quality of
Services (QoS) for IEEE 802.11 MAC protocol in single-hop wireless network. The proposed approach is based on traffic type, Collision Rate (CR), Collision Rate Variation (CRV) and Packet Loss
Rate. These parameters are used to adjust the DIFS at runtime. The adjusted DIFS is employed to
enhance service differentiation at the MAC layer in single-hop wireless networks. The proposed
approach contributes to the enhancement of the average QoS for high priority traffic by 32.9% and
33.4% for the 5 and 10 connections, respectively. While the average QoS for the low priority traffic
is improved by 14.3% and 18.2% for the 5 and 10 connections, respectively. The results indicate
that, the proposed approach contributes in the enhancement of the QoS in wireless network.
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1. Introduction
The random transmission of applications over the wireless medium may lead to incomprehensible or unpredictable results [1]. Therefore, a controller, which manages access to the medium of the shared resources is an essential tool for achieving a successful transmission process between the communicating parties, and ensuring
access is fair and suitable [2].
The MAC protocol in wireless networks is a protocol that controls access to the shared medium, by applying
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rules and procedures that permit the communication pairs to communicate with each other in an efficient and
fair manner [3] [4].
The IEEE 802.11 MAC Distributed Coordination Function (DCF) has two access techniques [5]. The first has
two-way handshake known as basic access technique, while the other one has four-way handshake procedures
[6].
The basic access method based on the status of channel, so first of all it examines the channel status. If the
channel is busy, the node is waiting and monitoring the channel status until it is idle for a period of time called
the DIFS. Then the node generates a random back-off interval before transmitting to minimize the probability of
multiple nodes concurrently transmission [7]-[9].
The minimum DIFS value is 20 μs and the maximum DIFS is 140 μs [5]. The minimum value is selected to
be longer than the Short Inter Frame Space (SIFS) that is identified for control frames, such as an acknowledgement (ACK) frame, while the maximum value is chosen in order to minimize the wasted time slots by avoiding
an excessively long defer of data packets.
This paper is organized as follows: The previous studies for providing service differentiation are presented in
the following section. A description of the proposed approach is presented in Section 3. In Section 4, the simulation model is introduced. The results and discussions are presented in Section 5. In Section 6, the paper is concluded.

2. Related Works
Most of the proposed priority-based approaches were aimed to support service differentiation by providing different MAC parameter values. The previous works enabled higher priority classes to access the medium faster
than low priority classes. For instance, faster access could be provided by assigning a smaller Contention Window (CW) causes a smaller Back-off Interval (BI) as reported in [2] [3] [6] [10]-[15] or by assigning smaller Inter Frame Space (IFS) as reported in (Deng and Chang, 1999), and (Ksentini et al., 2004).
DIFS parameter has been studied for providing service differentiation among different traffic priorities [16].
The value of DIFS in these studies was statically assigned for each class. However, less effort has been made for
tuning the DIFS for various traffic types.
In Zhang and Ye (2004), the length of DIFS was computed based on the ratio between the value of estimated
transmission rate and total transmission rate [17]. This technique required a significant modification to the IEEE
802.11 DCF scheme.
Sung and Yun (2006) proposed a technique which is called Enhanced Distributed Coordination Function
(EDCF) protocol [18]. This technique used Pareto database to store network configuration. For each new configuration the proposed scheme required comparing the current configuration with the already stored in the Pareto
curve.
Using IFS is another approach to enhance service differentiation in the IEEE 802.11 MAC protocol. It is
based on: 1) using the existing IFS values defined by the standard such as SIFS, Point Inter Frame Space (PIFS),
and DIFS and 2) using new IFS values. Different schemes were proposed based on the already available IFS
values. For example, the proposed approaches in [14] [19] [20] used PIFS and DIFS values to differentiate between time-sensitive and time-insensitive applications. Some other approaches used new IFS values to differentiate between high and low priority traffic. These new IFS values were based on allocating the low priority traffic longer IFS value than the IFS value of high priority traffic.
Other studies such as [4] [7] [8] [12] [21] were proposed to provide service differentiation based on the distributed function of the standard. These schemes were based on modifying the back-off time of the IEEE 802.11
MAC protocol. Although significant research efforts have been carried out on supporting service differentiation
in IEEE 802.11 DCF by adopting the priority-based scheme, several issues have still not been considered.
In this paper, the following points are considered for providing service differentiation in the basic IEEE 802.11
DCF scheme: 1) MAC protocol parameters such as DIFS is dynamically adjusted, 2) different QoS metrics such
as throughput, collision rate, packet loss, delay and jitter.

3. Proposed Approach Description
An ADIFS composes of four main parts as shown in Figure 1. The first part is traffic classification, which classifies the traffic into high and low priorities. The second is the recording part. Each node recorded the number of
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Packet Classifier
Classification part
Low priority (time-insensitive)

High priority (time-sensitive)

Recording part

No. of generated packets, No. of sent packets, No. of collided
packets, No. of successfully acknowledged packets

Calculation part

Collision rate, CRV, Packet loss rate

Adjustment part

DIFS (ADIFS), transmission rate, Drop rate

Figure 1. Adaptive distributed inter frame space.

generating packets, sent packets, successfully acknowledged packets, and collided packets. The third is calculation part, where CR, CRV, and l [ N ] values are computed and fed to the final part, the decision on choosing an
appropriate parameter values.
The following equation is used to compute CR

CRcurrent [ N ] =

Num ( collisions [ N ])

Num ( collisions [ N ]) + Num ( successful [ N ])

(1)

where Num ( collisions [ N ]) is the number of collisions for node N ; Num ( successful [ N ]) represents the
number of packets that have been successfully acknowledged for node N ; CRcurrent [ N ] is the current collision
ratio of node N . The CRV value of each node is calculated based on Equation (2).

=
CRV [ N ] CRcurrent − average [ N ] − CRprevious − average [ N ]

(2)

where CRV [ N ] is the collision ratio variation innode N ; CRcurrent − average [ N ] and CRprevious − average [ N ] are the
current and the previous average collision ratio, respectively. The CRV provides values within [−1 to 1]. The
packet loss rate for node N i , ( l [ N i ]) is calculated using Equation (3).

l [ Ni ]= 1 −

Num ( sucess _ Ack [ N i ])

Num ( gen _ packets [ N i ])

(3)

where Num ( sucess _ Ack [ N i ]) is the number of successfully received acknowledgements for a node N ; i
stands for high priority class, and Num ( gen _ packets [ N i ]) is the number of generating packets at the sender.
For high priority traffic, when the CRV value of a high priority node ( CRV [ N i ]) is greater than zero, the
proposed scheme examines the packet loss rate ( l [ N i ]) , if the packet loss rate is below the threshold (i.e.
l [ N i ] < l _ ths [ N i ] ), then DIFS length of high priority ( ADIFSnew = [ N i ]) is set equal to DIFSinit (i.e.
ADIFSinit = 50 μs as defined in (IEEE, 1999)), in order to give low priority traffic a greater chance to access
the channel. The minimum length of ( ADIFSnew = [ N i ]) is limited to one slot time (one slot time equal to 20
μsas defined in [5]). If the packet loss rate exceeds the packet loss rate threshold (i.e. l [ N i ] < l _ ths [ N i ] ), the
DIFS of high priority traffic ( ADIFSnew = [ N i ]) is reduced by one slot time, to reduce the delay and to prevent
an excessive packet loss for high priority packets. When the CRV [ N i ] of high priority traffic is less than zero,
the adaptive approach examines the packet loss rate l [ N i ] value, if this value is below the packet loss rate
threshold ( l _ ths [ N i ]) , the DIFS of high priority ( ADIFSnew = [ N i ]) is set equal to DIFSinit , while if the
packet loss rate value l [ N i ] is above the packet loss rate threshold ( l _ ths [ N i ]) , the DIFS value of high priority packets ( ADIFSnew = [ N i ]) is updated as given in Equation (4).
ADIFS
=
DIFSinit (1 + CRV [ N i ])
new [ N i ]

(4)

For low priority traffic, when the CRV [ N i ] value is larger than zero, this implies that the number of con-
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tending nodes is increased; and the probability of collisions is increased, since the current collision ratio is larger
than the previous one. Therefore the ( ADIFSnew = [ N i ]) length is increased and is updated using Equation (5).

(

ADIFSnew [=
N i ] DIFSinit + f ∗ CRV  N j  ∗ ADIFSnew −1  N j 

)

(5)

where f is a scaling factor, with value of f = 3 as considered in the simulations (Saraireh et al., 2014). If
the CRV [ N i ] value is less than zero, this means that, the current probability of collisions is smaller than the
previous one, and as a result, the proposed approach decreases the ADIFSnew [ N i ] by one slot time as represented in Equation (6).
=
ADIFS new  N j  ADIFS new −1  N j  − ( one _ slot _ time )

(6)

To ensure that the lengths of ADIFSnew [ N i ] and ADIFSnew  N j  are within the specified ranges the following conditions are applied:
In Equation (4), if ADIFSnew [ N i ] < one time-slot, then ADIFSnew [ N i ] = one slot.
In Equation (5), if ADIFSnew  N j  > seven slots then ADIFSnew  N j  = seven slots.
In Equation (6), if ADIFSnew  N j  < DIFSinit then ADIFSnew  N j  = DIFSinit .
To avoid starvation for low priority traffic, after each update of the DIFS, the adaptive approach examines the
value of this parameter. If DIFS has high values. The proposed scheme sets these parameters as shown in Equation (7).
if ( priority low ) then =
ADIFS new  N j  ADIFS new −1  N j  − ( one _ slot _ time )
=

(7)

An overview of the adaptive differentiation operation is provided in Figure 2. It is assumed that there are two
nodes, one is a high priority and the other is a low priority node. The high priority node is competing with
smaller DIFS, while the lower priority node is competing with larger DIFS. Therefore, the high priority node
accesses the medium first. A full description of the proposed algorithm is presented in Figure 3.

4. Simulation Model
To analyze the proposed ADIFS approach, and compare their functionalities with the standard IEEE 802.11 DCF
scheme, network models with different scenarios have been proposed for the simulations by using NS-2.
In this approach, 40 fixed nodes are used, and they are randomly distributed in an area of 100 m × 100 m, and
the transmission type is CBR traffic. The nodes are located in the same Independent Basic Service Set to
represent a wireless ad-hoc network, as shown in Figure 4. The parameters of simulation are presented in Table
1.
The total offered load in each scenario is more than 110% of the effective channel capacity (i.e. it is considered 1.6 Mbps without considering the protocol overhead) and more than 90% of the total channel capacity (i.e.
2 Mbps, with considering the impact of protocol overhead).

5. Results and Discussion
In the ADIFS scheme, the CW size is updated according to the Binary Exponential Backoff (BEB) procedure as
defined by IEEE 802.11 DCF. In IEEE 802.11 DCF, the ACK frame is assigned as a higher priority over data
packets by having a shorter IFS known as SIFS, while data packets have a longer IFS known as DIFS (i.e. SIFS
< DIFS). The same concept is applied for the ADIFS scheme, where the DIFS length is dynamically adjusted for
each priority based on the packet loss rate and CRV values.

Figure 2. Adaptive differentiation scheme operation.
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Figure 3. Adaptive differentiation algorithm.

Figure 4. Random independent basic service set single-hop topology.
Table 1. Simulation parameters.
Traffic Type

Packet Size

Scenario

Low Priority

800 Bytes

Scenario 1

High Priority

512 Bytes

Connection/Priority

Bit Rate

3 Low

480 Kbps

2 High

192 Kbps

5 Low

160 Kbps

5 High

192 Kbps

Simulation Time

Run’s Number

300
Seconds

10

Scenario 2

As indicated in Table 2, the average delay for the high priority connections is less than 13 μs. The results indicate that high priority connections have better QoS, with a mean value equal to 86.9%. This significant improvement in the QoS of high priority traffic is at the cost of low priority traffic. For instance, the first low priority connection has a poor QoS with an average of 45.3%. This is due to the long waiting time prior to the transmission which lead to high packet drops at the buffer.
The ADIFS approach is also evaluated when the number of nodes for high and low priority is increased. In
this scenario, five high priority and five low priority nodes are contended to access the channel. The ADIFS
scheme performs well when the number of contending nodes is increased. For instance, in this scenario, the average delay of high priority nodes is less than 28 μs in which QoS requirements in terms of delay for the timesensitive applications could be met. When the ADIFS scheme is applied, a high priority node is required to wait
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for a shorter period, so it could get access to the channel earlier than a low priority node. At the time, when a
low priority node tries to access the medium, it finds the channel busy and has to wait until the transmission of
higher priority packet is complete. Once the channel becomes idle, all nodes commence their back-off duration.
Due to shorter lengths of DIFS for high priority nodes, they wait for shorter time periods and start to decrease
their back-off time earlier than low priority nodes. This behaviour leads to better performance for the QoS parameters and the average QoS of all connections as depicted in Figures 5(a)-(c) and shown in Table 3. The average QoS for higher priority traffic is 83.5% with fewer fluctuations and the average QoS for the low priority
traffic is 37.1%.
Table 4 summarizes the QoS results for the proposed approach as compared with others for 5 connections.
Table 2. QoS parameters values obtained using the adaptive ADIFS differentiation scheme.
Bit Rate

Connection/Priority

Average delay Average jitter
(μs)
(μs)

Average throughput Average MAC efficiency Average QoS
(Kbps)
(%)
(%)

Connection 1/high

12.7

6.1

189.3

99.9

86.8

Connection 2/high

10.0

6.0

188.5

99.9

87.0

Connection 3/low

1471.5

22.3

281.7

99.9

45.3

Connection 4/low

709.6

9.9

304.9

99.9

54.4

Connection 5/low

955.4

11.4

284.8

99.8

50.1

192 Kbps

480 Kbps

Table 3. QoS parameters values obtained using the adaptive ADIFS differentiation scheme for 10 connections.
Bit Rate

192 Kbps

160 Kbps

Connection/Priority

Average delay Average jitter
(μs)
(μs)

Average throughput Average MAC efficiency Average QoS
(Kbps)
(%)
(%)

Connection 1/high

24.3

7.03

193.8

99.7

83.9

Connection 2/high

26.7

6.5

188.7

99.8

82.9

Connection 3/high

25.4

8.2

174.0

99.9

83.6

Connection 4/high

18.3

7.2

181.6

99.8

83.6

Connection 5/high

27.8

7.3

178.5

99.7

83.3

Connection 6/low

3859.4

61.4

86.9

99.6

39.5

Connection 7/low

5009.8

60.1

71.4

99.9

29.1

Connection 8/low

3263.9

46.5

80.4

99.7

33.4

Connection 9/low

860.0

25.2

123.0

99.5

43.3

Connection 10/low

4145.4

60.1

97.0

99.5

40.0

Table 4. Comparison of IEEE 802.11 DCF QoS, Saraireh et al., 2014 with proposed schem for 5 connections.
Bit Rate

192 Kbps

Connection/Priority

Average QoS
Average Qos (%)
Average QoS Average QoS (%) Improvement Average QoS
(%) Proposed (Saraireh et al., 2014) (%) Standard
(Saraireh et al., 2014)
(%) Improvement

Connection 1/high

86.8

73.0

56.4

16.6

30.4

Connection 2/high

87.0

71.6

51.6

20.0

35.4

Average

86.9

72.3

54.0

18.3

32.9

Connection 3/low

45.3

43.9

31.8

12.1

13.5

Connection 4/low

54.4

53.2

43.4

9.8

11.0

Connection 5/low

50.1

44.6

31.7

12.9

18.4

Average

49.9

47.2

35.6

11.6

14.3

480 Kbps
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priority);
Connection 8 (low priority);
Connection 9 (low priority);
Connection 10 (low priority).

Figure 5. ADIFS―based differentiation for 10 connections (5 high and 5 low priority nodes). (a)
cumulative distribution of delay; (b) average QoS; and (c) cumulative distribution of QoS.
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These results are also shown in Figure 6. The average of QoS of proposed scheme increases from 54% to
86.9% for the high priority connections as compared with the standard, while it increases from 72.3% to 86.9%
as compared with (Saraireh et al., 2014). On the other hand, for low priority connections the average of QoS is
improved by 14.3% and 2.7% as compared with the standard and (Saraireh et al., 2014), respectively. These results indicate that the use of the proposed approach improves QoS in wireless networks.
Table 5 summarizes the QoS results by using the proposed approach as compared with others for 10 connections. These results are also shown Figure 7. The average of QoS of proposed scheme increases from 50.1% to
83.5% for the high priority connections as compared with the standard, while it increases from 72.7% to 83.5%
as compared with (Saraireh et al., 2014) for the high priority connections. For low priority, the average QoS is
enhanced by 18.2% and 0.4% as compared with the standard and (Saraireh et al., 2014), respectively.
Table 5. Comparison of IEEE 802.11 DCF QoS, Saraireh et al., 2014 with proposed schem for 10 connections.
Bit Rate

Connection/Priority

Average QoS
(%) Proposed

Average Qos (%)
(Saraireh et al., 2014)

Average QoS
(%) Standard

Average QoS (%)
Improvement
(Saraireh et al., 2014)

Average QoS
(%) Improvement

Connection 1/high

83.9

74.7

53.8

20.9

30.1

Connection 2/high

82.9

73.4

51.7

21.7

31.2

Connection 3/high

83.6

71.4

47.2

24.2

36.4

Connection 4/high

83.6

70.4

45.6

24.8

38.0

Connection 5/high

83.3

73.6

52.2

21.4

31.1

Average

83.5

72.7

50.1

22.6

33.4

Connection 6/low

39.5

37.0

18.9

18.1

20.6

Connection 7/low

29.1

39.5

20.0

19.5

9.1

Connection 8/low

33.4

35.1

17.8

17.3

15.6

Connection 9/low

43.3

36.0

18.4

17.6

24.9

Connection 10/low

40.0

35.7

19.8

15.9

20.2

Average

37.1

36.7

18.9

17.8

18.2

192 Kbps

160 Kbps

Figure 6. Comparison of IEEE 802.11 DCF QoS, Saraireh et al., 2014 with a proposed scheme for 5
connections.
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Figure 7. Comparison of IEEE 802.11 DCF QoS, Saraireh et al., 2014 with a proposed scheme for 10
connections.

6. Conclusions
In this research, an enhancement to IEEE 802.11 DCF scheme to provide QoS has been developed. The proposed approach based on dynamically adjustment of DIFS at run time depend on traffic types at MAC layer in
the single hop network.
The simulation results indicate that, the adaptive approach improves the performance for high and low priority traffics. The results reveal that the adaptive scheme is capable of providing service differentiation and improving the network performance. The results indicate that, the QoS for priority traffics in terms of delay, jitter and
throughput are improved for high and low priority traffics using different number of connections.
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