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Abstract

The QoS in wireless ad-hoc networks as defined by the standard
IEEE802.11e (EDCA): functions so as to guarantee the high priority
traffic (i.e. Multimedia and Real-time traffics). The QoS is managed in
each station by differentiating the packets into categories depending on
their priorities. These packets will access the channel with varying
waiting times. However, EDCA cannot control traffic when there is a
congestion to guarantee the QoS required by real-time and multimedia
applications, specially when the problem of the hidden nodes exists.
Thereby, the ill-behaved sources consume the majority of the available
bandwidth. This leads some of the source nodes (i.e. Out of range nodes)
to suffer from the lack of bandwidth and unfairness. So, without a proper
control mechanism, this leads to degrading the QoS guarantees. To
address this issue, we have proposed (FQ-EDCA): a Fairness Queuing
model for EDCA. This paper aims to evaluate the scalability of FQ-
EDCA and its network performance to have more end-to-end QoS
guarantees.
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Introduction

The term Wireless Networks appeared in the last decades. It refers to
the interconnection between the nodes (hosts) without wires using
unlicensed radio waves, which makes wireless networks widely
deployed.

This changing of networks from wires to wireless contributes many
advantages such as: facilitating the construction of the networks and
making them flexible, minimizing the budget of wiring and installations
and interconnecting the mobile nodes.

As a consequence, the popularity of wireless local area networks
(WLANs) based on the standard IEEE 802.11 [11] has increased,
because the needs for wireless devices (e.g. Computer tablets, smart
mobile phones, Sensors, Wireless stations, etc.) are rapidly increasing,
while their prices are decreasing. Generally, this standard is applied for
two modes; the infrastructure mode and the ad-hoc mode.

The infrastructure mode is a centralized wireless network that relies
on access points (AP) or base stations. The AP is responsible for
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associating the wireless devices (i.e. stations or nodes) and administrating
them. So, the communication between any two nodes must be
coordinated through the AP.

On the other hand, Ad-hoc is a distributed and an autonomous
wireless network that can be formed without the need of any
infrastructure, centralized administration or centralized coordinator. This
means that it does not need an AP. It is composed of identical wireless
stations or nodes. Nodes communicate with each other in a peer-to-peer
fashion through single-hop or multi-hop paths. Therefore, a node can
route and forward the packets of others nodes. Nodes can cooperate
among them to achieve the best connection between the sender and
receiver.

However, some applications (e.g. Multimedia, real-time, etc.) need to
transfer critical (time-sensitive) data in wireless networks. So, the Quality
of Service (QoS) guarantees support communicating this type of data,
because such data sometimes require strict services, which could not be
provided by the legacy IEEE802.11 standard [11]. So, an extension of
this standard is needed to support QoS.

As a consequence, an enhancement of that standard (IEEE802.11¢) is
developed to support QoS in both the infrastructure and ad-hoc modes
[9]. So, this extension supports QoS for ad-hoc networks by introducing
the Enhanced Distributed Channel Access (EDCA) that manages QoS in
each node. Therefore, EDCA is implemented and applied to support
services for multimedia and real-time traffic. EDCA differentiates and
classifies the packets in Access Categories (AC) depending on their
priorities.

It is important to note that QoS could be satisfied by the standard
IEEE802.11e, specially in the infrastructure mode. Although the
distributed EDCA is an important enhancement for the legacy IEEE
802.11 in ad-hoc networks, it is not enough to provide strict QoS
guarantees and cannot control traffic when there is a congestion to
guarantee QoS required by real-time and multimedia services. There are
crucial problems (i.e. hidden and exposed terminals) that need solutions,
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as explained in [18]. Therefore, the ill-behaved source nodes consume
the majority of the allowed bandwidth. This leads some of source nodes
to suffer from the lack of bandwidth and unfairness. As a result, a
bottleneck or a state of starvation occurs for these nodes that degrades the
QoS guarantee. So, if the traffic is properly regulated, the IEEE802.11e is
capable of supporting QoS requirements for the real-time and multimedia
traffic. Therefore, IEEE802.11e needs proper network control
mechanisms. This is further explained in [6].

Moreover, the EDCA does not have any distributed admission
control algorithm to distribute the bandwidth fairly. An enhancement of
the EDCA can be used to provide fairness of resource allocation for
source nodes by regulating their traffic and controlling their ill-behaved
transmission. Which will optimize the QoS guarantees.

In this paper, we will first describe the QoS in ad-hoc wireless
networks and notably the EDCA model (standard IEEE802.11¢). After
that, we will present FQ-EDCA network performance. Following that we
present simulation results for the two models: EDCA and the proposed
model FQ-EDCA. Comparative simulations of the two models will
enable us to evaluate the real benefits of FQ-EDCA. These simulations
will be performed with various scale topologies.

QoS in Wireless Network

The QoS term was first introduced within the development of wired
networks. Many approaches and protocols are developed to optimize
QoS in wired networks. Thereby, it is highly desirable to provide a level
of services in wireless networks similar to those available from the
conventional wired networks, because the market of wireless networks is
growing rapidly and many applications applied in wireless networks
require a level of services similar to those in wired networks.

The legacy IEEE 802.11 (DCF) [11] used in ad-hoc mode does not
support real-time or multimedia application. Since, it is designed for
equal priorities. There is no notion of high or low priority traffic and no
differentiation. Also, a station node may keep the medium for as long as
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it needs. So, an enhancement of DCF (EDCA) [9] is implemented to
support QoS.

However, EDCA still has the problems of transmission and access
channel such as hidden and exposed terminals problems [12]. In [18],
many proposals are presented to solve the last problems, but these
solutions lead to new problems such as wasting bandwidth and channel
utilization (spatial reuse).

Indeed, a great enhancement is achieved by the IEEE 802.11n [10],
the recent IEEE 802.11aa [7] and the IEEE 802.11ac [8] standards. In
general, the last standards enhance both the physical and the MAC layers
in the infrastructure mode.

Many proposals for QoS enhancement in ad-hoc wireless networks
mainly focus on station-based DCF enhancement scheme such as [1, 14,
5] or queue-based enhancement scheme such as [13, 16, 17, 19].

In [1] we have proposed F-EDCA (Fairness EDCA) to obtain a
fairness solution by differentiating between routing nodes and non-
routing nodes in EDCA. Also, In [3, 4, 2] we have proposed FQ-EDCA
(Fairness Queuing EDCA) to obtain a fairness solution by queuing each
source node’s flows to its Access Category (AC). Thereby, supporting
fairness leads to enhancing QoS guarantees in wireless networks.

The challenge for WLAN and notably ad-hoc network is to be able to
apply a FQ-EDCA like techniques at the MAC layer that gives an end-to-
end QoS.

So, comparative analysis is needed to evaluate FQ-EDCA and its
network performance, as we will see in the next sections.

FQ-EDCA, definitions and problematic

FQ-EDCA [2] aims to develop and optimize the Quality of Service
(QoS) with fairness in multi-hop wireless ad-hoc networks. The
development of the wireless networks is crucial to transfer critical traffic
(e.g. Multimedia, real-time, etc.). In the presence of congestion, the
traffic sometimes could not obtain the required services.
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In addition, another problem could appear frequently that an ill-
behaved transmission of a source node lead to a lack of resource
distribution and unfairness, because it could consume the majority of
bandwidth and affect the performance of many other nodes.

FQ-EDCA is evaluated and analyzed by experimental simulations for
many topologies [2][3]. It has been shown in this evaluation that when
utilizing FQ-EDCA, the bandwidth is distributed fairly between all the
source nodes. As a consequence, these nodes can access the channel
fairly to transmit their flows with respect to EDCA specifications of
Access Categories (AC) priorities. And also, the flow delay of the same
priorities is minimized and nearly fixed for all the source nodes. This
leads to minimize the Jitter as well. Therefore, the service guarantees of
QoS are enhanced.

Now we will present the FQ-EDCA evaluation in real network
topologies and its network performance, in the following sections.

Network Performance of FQ-EDCA

The FQ-EDCA model has been developed and implemented using
the network simulator (ns-2)[15] to study the throughput, average delay
and fairness performance, and to compare them with the recent standards
of wireless networks (i.e. the IEEE802.11e (EDCA)).

Before evaluating the network performance of our model, we will
define the performance metrics.

Performance Metrics

Several metrics can be defined to grade the performance of our
model (FQ-EDCA) against the recent standards (IEEE802.11¢) in ad-hoc
wireless networking for QoS (EDCA). Therefore, some of these metrics
have been carefully chosen to give an idea of the behavior and the
reliability of FQ-EDCA in ad-hoc wireless networks.

However, these metrics measure the data transmission’s features with
respect to data packets. As a consequence, the analysis focuses on the
benefits obtained by FQ-EDCA compared with other models. An
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explanation of these metrics follows:
Network Throughput

It is a measure of the amount of data (Bytes) transmitted from the
source to the destination in a unit period of time (seconds). Considering
the data rates and throughputs supported by IEEE802.11 standard, the
throughput is measured in total bits received per second. Also to be noted
is that this metric only measures the total data throughput over the
network.

The throughput of a node is measured by first counting the total
number of data packets successfully received at the node, and computing
the number of bits received, which is finally divided by the total
simulation runtime.

The throughput of the network is finally defined as the average of the
throughput of all nodes. Therefore, throughput can be stated as (1):
Total Received Data

Throughput = 1
gnp Simulation time M

Similarly, the network throughput can be described as (2):

hroughput
Network Throughput = M 2)

Nodes
End-to-End Delay

The end-to-end delay is the time taken for a data packet to reach the
destination node. The term "End-to-End" means from an end-point
sender to an end-point receiver.

When the simulations are performed with a random topology, the
destination, that has the maximum number of hops from the sender,
receives data packet with maximum delay. Therefore, the delay can be
stated as (3):

Delay = Received Time —Transmitted Time (3)

atDestination atSource
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Moreover, the delay for a packet is the time taken for it to reach the
destination. And the average delay is calculated by taking the average of
delays for every data packet transmitted successfully. Thus, the average
delay of the network can be stated as (4):

> Delay
Received Packets

The delivery Ratio refers to the percentage of the transmitted data
packets that are successfully received over all sent packets. However, it is
an important metric, which can be used as an indicator to a congested
network.

AvgDelay =

(4)

Another metric of the network performance is the energy
consumption. However, in our studies this metric is neglected, because
we focus our studies on the network performance for data transmission.

Now, we will analyze the performance of FQ-EDCA.
The performed simulations

To evaluate the performance of FQ-EDCA, we implement it in a real
topology with different number of nodes and different data transmission
rates. Thus, random topologies are applied for this evaluation.

Multiple topologies are applied for different number of nodes
distributed randomly to achieve real benefits and make FQ-EDCA
applicable in the real world. Also, these topologies are applied for two
purpose. The first is for network performance measurements, and the
second is for end-to-end performance measurements.

The simulations are performed for topologies (from 5 to 100 nodes).
These nodes are enumerated from 0 to (N —1), where N is the number of
nodes for each topology. Thereby, the number of source nodes equals
(N —-1) for each topology. Every source node sends its packets to a
random destination with a constant baud-rate. Also, the simulations are
repeated for different baud-rates, see Table 1. High baud-rates make the
network overloaded which leads to a congestion in the network. Also,
this leads to increasing the ill-behaved sources which consume most of
the network resources.
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All the nodes are distributed randomly except 2 nodes, which are
enumerated with 0 and (N —1). These nodes are considered as the end-
points, marked as receiving end-point and sending end-point, as an
example of 100 nodes distributed randomly, see Figure 4.2. This
distribution is made intentionally to obtain the end-to-end measurements.
These measurements are essential for end-to-end QoS comparison.
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Figure (4.2): A random topology of 100 nodes.

The parameters of the performed simulations are stated in Table 1.
These simulations are applied with the same parameters for both EDCA
and FQ-EDCA, to compare their results.

Table (1): The parameters of performed simulations.

Standards IEEES802.11b/e
QoS EDCA & FQ-EDCA
Topology mode ad-hoc
Routing protocol DSDV
Source nodes 5-100
Type of flows CBR/UDP
Transmission range 250m
Carrier sense range 550m
Packet size 512bytes
Packet baud-rate 10 —-100kbps
Bandwidth 1Mbps
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The Results

After the simulations, many measurements are obtained to analyze
the performance of FQ-EDCA and compare it with EDCA. the results are
obtained as follows:

Network Throughput

As seen in Figure 4.3.1,which describes the general state of the
network traffic. The Network throughput is increased when increasing
the baud-rate until the source nodes consume most of the resource
network. It is also clear that when the number of nodes is high the
network throughput is minimized, because the number of collisions and
retransmissions are increased. Thus, for large number of source nodes
with heavy load, this degrades the network throughput.

Network throughput for 10 nodes Network throughput for 20 nodes
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Figure (4.3.1): The network throughput of EDCA and FQ-EDCA.
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On the other hand, as seen in Figure 4.3.1, we remark that, in FQ-
EDCA, the Network throughput is increased when increasing the baud-
rate until the source nodes consume most of the resource network. It is
also clear that FQ-EDCA enhances the network throughput of EDCA
specially for small number of source nodes. Also, this enhancement is
minimized for increasing the number of source nodes, because the
number of collisions and retransmissions is still high.

Moreover, in network throughput calculations, it does not take into
account differentiating between the routing and owned packets, and the
fairness. Therefrom, the main enhancement of FQ-EDCA is to apply
fairness.

In addition, in FQ-EDCA, almost all the source node have the chance
to send their packets while (30—-50% ) of source nodes are dead nodes in
EDCA, specially for large number of source nodes and high baud-rate.
Thus, the source nodes of one-hop destinations have the most of resource
allocations than the source nodes of multi-hop.

Indeed, in general for both FQ-EDCA and EDCA, they have the
same phenomenon. That means, the complexity of FQ-EDCA is still like
EDCA with taking into account the enhancement that we will obtain.

Now we us present the End-to-end network performance.

End-to-end Throughput

The end-to-end throughput is an important metric of the network
performance and QoS, which can describe the end-to-end throughput for
the longest path traffic.

Thus, as seen in Figure 4.4, we remark that in EDCA the end-to-end
throughput is increased when increasing the baud-rate until the source
nodes consume most of the resources of the network. Then, the end-to-
end throughput is decreased, because of the lack of resources. It is also
clear that when the number of nodes is high, the end-to-end throughput is
minimized, because the number of collisions and retransmissions
increases. Thus, for large number of source nodes with heavy load, the
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number of ill-behaved sources is increased. Therefore, this degrades the
end-to-end throughput and results in fully depleting the throughput.

End-to-end throughput for 10 nodes
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Figure (4.4): The end-to-end throughput in EDCA and FQ-EDCA.

While, in FQ-EDCA as seen in Figure 4.4, we remark that the end-
to-end throughput is more stable and robust. This results in increasing

QoS guarantee.
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From the previous results, it is clear that FQ-EDCA enhances EDCA
and the end-to-end throughput.

End-to-end Delay

The End-to-end delay is an important metric of the network
performance and QoS, which can describe the worst case path delay.

Thus, as seen in Figure 4.5, as expected, we remark clearly that FQ-
EDCA minimizes the end-to-end delay and enhances the QoS guarantee.
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Figure (4.5): The end-to-end delay in EDCA and FQ-EDCA.
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Also, it is clear that FQ-EDCA increases the end-to-end delivery
ratio, which enhances the QoS guarantee.

Conclusion

We have shown that FQ-EDCA can guarantee the QoS better than
EDCA, taking into account that it is as complex as EDCA. Thereby, FQ-
EDCA solves most of the problems of EDCA, such as: Fairness of
resource allocations, separating the ill-behaved sources, giving the multi-
hop sources the chance to access the channel, etc.

FQ-EDCA is verified for simple, large and random topologies. FQ-
EDCA is evaluated by comparing it with EDCA. As a result, FQ-EDCA
is a robust, fair and controllable model, which has the ability for
enhancing and optimizing the QoS in wireless networks.

Further more, analyzing the network performance, FQ-EDCA
achieves more performance than EDCA, for Throughput, Delay and
Delivery ratio. It is also a powerful model for end-to-end QoS.

Moreover, the end-to-end delay of packets that has the same
priorities is bounded (i.e. for out-ranged source nodes). Therefore, the
service guarantees of QoS is enhanced by FQ-EDCA, which has been
proved by experimental simulations for large scale topologies.

It is imperative to note that EDCA has no control management
applied to control the ill-behavior of source nodes (i.e. In-ranged). So, the
Out-ranged sources suffer from the unfairness of resource allocations. on
the other hand, FQ-EDCA has a robust and scalable treatment of the
congestion.
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