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Abstract

Wireless local area networks (WLANS) are in a periogrefat expansion and there is a
strong need for them to support multimedia applicationstelédés networks are
becoming more and more popular in recent years, rangingdigital cellular telephony
up to satellite broadcasting. With the increasing demamtl penetration of wireless
services, users of wireless networks now expect QualitySeifvice (QoS) and
performance comparable to what is available from fixed nedsvo

Providing QoS requirements like good throughput and minimwesacdelay are
challenging tasks with regard to 802.11 WLAN protocols anditedAccess Control
(MAC) functions. This research is done to study, the ptsenplemented schemes (the
Point Coordination Function (PCF) of IEEE 802.11, the EnténBastributed
Coordination Function (EDCF) of the proposed IEEE 802.1fenesion to IEEE 802.11),
solves these issues and what can be done to improvduttéer.

The metrics used were Throughput, Data Drop, Retransmissio Medium
Access Delay, to analyze the performance of various MA@cols in providing QoS to
users of WLAN. During the evaluation of EDCF, the perforoganf various access
categories was the determining factor. Two scenarios, sathe Physical and MAC
parameters, one implementing the DCF and other EDCF, gvested in the network
simulation tool (OPNET MODELER) to obtain the results. Tasults showed that the
performance of EDCF was better in providing QoS for rea¢tinteractive services (like
video conferencing) as compared to DCF, because of itsyatwlitdifferentiate and
prioritize various services. Whereas the DCF’s ov@iformance was marginally better
for all kinds of services taken together. In a network remvhent, where support for
realtime interactive services is required, EDCF protebolld be used.
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CHAPTER 1: Introduction

As the technology is improving so are the demandmdfusers and their applications
increasing. A wide variety of new applications areinly invented daily. These
applications have different demands from the undeglpetwork protocol suite. High
bandwidth internet connectivity has become a besiuirement to the success of
almost all of these areas.

Wireless Local Area Networks (WLANS) has become ohthe most promising and
successful technology in recent years. WLANs provide wireless connectivity to
end users, offering an easy and viable access teetherk and its services.

Wireless networks are superior to wired network$wétgard to aspects such as ease
of installation and flexibility. They do, however,fir from lower bandwidth, higher
delays, higher bit-error rates, and higher costs tired networks. With the advent
of Wireless Local Area Networks (WLANS), bandwidtas increased and prices have
decreased on Wireless networking solutions. Thegerfahave made WLANS a very

popular Wireless networking solution.

1.1 Wireless Network

Wireless refers to the transmission of voice anc daer radio waves. It allows its
users to communicate with each other without régiia physical connection to the
network. Wireless devices include anything that asesreless network to either send

or receive data [23].

Wireless communication has become the most progiisiay to connect people.
Cellular systems have experienced exponential dgrawer the last decade and there
are currently around two billion users worldwide.eTiirst digital network based on
packet radio, ALOHANET, was developed at the Ursitgrof Hawaii in 1971. The
Defense Advanced Research Projects Agency (DARP#ested significant
resources to develop it. In 1990, the first digg@mmunication based cellular system
was introduced. Since then, Radio technology add@ncapidly to enable
transmissions over larger distances with betteditguand less power. It enabled

mobile communications and wireless networking [23].



1.2

Wireless Local Area Network (WLAN)

WLANs have revolutionized the way people are usidgirt computers to

communicate. As WLANS eliminate the need of wiresdonnecting end users, they

provide a very easy, viable access to the netwodkits services. A wireless LAN or

WLAN is a wireless local area network, which is thekihg of two or more

computers without using wires. WLAN utilizes sprepeéctrum modulation

technology based on radio waves to enable commiuoncéietween devices in a

limited area, also known as the basic service set gikes users the mobility to

move around within a broad coverage area and #ilcdnnected to the network.

Wireless has become popular due to ease of installatid mobility.

To transport the data on a wireless network ragiquency, microwave and infrared

are used as a transportation media [11].

1. Radio frequency (RF)

RF refers to frequencies of radio waves. RF is partelgictromagnetic
spectrum that ranges from 3 Hz - 300 GHz. Radioemavradiated by an
antenna and produced by alternating currents fede@ntenna. RF was long
been used for radio and TV broadcasting, wirelessall loop, mobile

communications, and radio.

. Microwave

Microwave is the upper part of RF spectrum haviegj@iencies above 1 GHz.
Because of the availability of larger bandwidth in rwave spectrum,
microwave is used in many applications such as esselPersonal Area
Network (Bluetooth), Wi-Fi, broadband wireless ascéBWA) or wireless
Metropolitan Area Network (WIMAX), wireless WAN (2GG cellular
networks), satellite communications and radar. Blletame very famous in

houses because of its use in microwave oven.

. Infrared

Infrared light is part of electromagnetic spectrtimt is shorter than radio
waves but longer than visible light. Its frequeneynge is between 300 GHz
and 400 THz that corresponds to wavelength from mri@50 nm. Night
vision equipment and TV remote control is usinganéd from a long time.
Infrared is also one of the physical media in theioal wireless LAN

standard, that's IEEE 802.11. Infra red use in camaoation and networking,



defined by the IrDA (Infrared Data Association).its IrDA specifications,
infrared can be used in a wide range of applicatiang. file transfer,
synchronization, dial-up networking, and paymentwdver, IrDA is limited
in range (up to about 1 meter). It also requiresabmmunicating devices to
be in LOS (Line of Sight) and within its 30-degresain-cone [11].

1.2.1 Working of WLAN
Wireless networks perform functions similar to theired Ethernet. Networks
perform the following functions to enable the tramsbf information from source to

destination [17]:

1. The medium provides a bit pipe (a path for datddw)ffor the transmission
of data.

2. Medium access techniques facilitate the sharingaoimamon medium.

3. Synchronization and error control mechanisms ernshateeach link transfers
the data intact.

4. Routing mechanisms move the data from the origigatource to the
intended destination.

5. Connectivity software interfaces an appliance, such @en-based computer

or bar code scanner, to application software hastesl server.

1.2.2 Advantages of Wireless LAN
Flexibility: within radio coverage, nodes can communicate witfurther restriction.

Radio waves can penetrate walls.

Planning: wireless ad hoc networks allow for communicatiathaut planning.

Wired networks need wiring plans.

Robustness: wireless networks can survive disasters; if theel@ss devices survive

people can still communicate

1.2.3 Disadvantages of Wireless LAN
Connectivity: There are no wires to connect to the Wi-Fi netwaukthen the area of

the hotspot is very limited and if the node getsajuhe area it will be disconnected.
This is perhaps the greatest disadvantages you tealee within 100-150 ft of the
base station (indoors) and about 100-300 metersldous) to get connected.



QoS (Quality of Service): WLANS offer typically lower QoS. Lower bandwidth dtee
limitations in radio transmission and higher errorsatee to interference.

Safety and security: using radio waves for data transmission might fater with
other high-tech equipment. The greatest challencgfdy Wi-Fi providers today is

how to prevent outsiders from accessing the data.

1.3 Logical Architecture of WLAN

WLAN works in the lower two layers of OSI model. $ione is the physical layer
which takes care of transmission of bits througbrmamunication channel by defining
electrical, mechanical, and procedural specificati@econd one is the data link layer
which is sub-divided into two layers: logical link laygLC) and Medium Access
Control layer (MAC) [17]. Only MAC layer is consited as the part of wireless LAN

Functions.

Higher
Layers
T Logical Link

Data Control (LLC)

Link

Layer Medium Access T

Control (MAC) Wireless
LAN
Physical Functions

Layer l

Figure 1.1 Logical Architecture of WLAN

1.3.1 Medium Access Control (MAC) Sub layer
The primary function of a MAC protocol is to defieset of rules and give the
stations a fair access to the channel for successfimmunication. Many MAC



protocols provide the standardized medium accesspagdical layer protocols for

WLANS and it is the most widely employed standard/ireless networks.

Medium access control enables multiple wireless @svito share a common
transmission medium via a carrier sense protocollaind Ethernet. This protocol
enables a group of wireless computers to share tine $eequency and space. A
wireless LAN Media Access Control protocol provideSable delivery of data over

somewhat error-prone wireless media.

Decide to
Send data

Random Delay

A

Transmit Data

Yes

Collision?

NO

Successful Data
Transmission

Figure 1.2 Working of CSMA protocol

1.3.2 Physical Layer
The Physical layer provides the transmission &f thitough a communication channel

by defining electrical, mechanical, and proceduracggations. Modulation, which
is a Physical layer function, is a process in wtilod radio transceiver prepares the

digital signal within the network interface card @I for transmission over the



airwaves. Spread spectrum “spreads” a signal's power @ wider band of
frequencies, sacrificing bandwidth in order to gsignal-to-noise performance [23].
This contradicts the desire to conserve frequenagdtyidth, but the spreading
process makes the data signal much less susceptblelettrical noise than
conventional radio modulation techniques. Other trassion and electrical noise,
typically narrow in bandwidth, will interfere with only small portion of the spread
spectrum signal, resulting in much less interferencd fewer errors when the
receiver demodulates the signal. Spread spectrudulaiors commonly use one of
two methods to spread the signal over a wider areguéncy hopping or direct

sequence [23]. Main layer to be analyzed is MAC layer.

1.4  Physical Architecture of WLAN
There are two kinds of WLAN architectures:

e Ad-hoc (Infrastructureless) architecture

e Infrastructured architecture

Ad-hoc (Infrastructureless) Architecture

It is the simplest WLAN configuration. It is an iegendent (or peer-to-peer)
WLAN and is also known as an Ad-hoc network. It israugp of computers each
equipped with a wireless LAN client adapter. In th@enfiguration, no access
point is necessary and the devices in the LAN condighemselves at the same
radio channel to enable peer-to-peer communicatialependent network can be

set up whenever two or more wireless adapters @inéhwange of each other.
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Figure 1.3 Infrastructureless Wireless Network

Infrastructured Architecture

Infrastructured WLAN consists of wireless stationsl aatcess points. Access
Points are connected with a distribution system (saghEthernet). Different
access points create different cells having diffedecations and a confined
communication radius. The mobile unit can move gaplgically while it is
communicating. When it goes out of range of oneslsiation, it connects with
new base station and starts communicating throughhis is called “handoff”
[23].

Aecess Points

Figure 1.4 Infrastructured Wireless Networks



1.5 WLAN Components

The basic advantage WLAN has over LAN is the simpfli@f its installation.
Installing a wireless LAN system is easy and can eheirthe need of fitting cables
through walls and ceilings. Basic components of a WLA®azcess points (APs) and

Network Interface Cards (NIC)/client adapters arebéhdiscussed as follows [3]:
Access Points

Access point (AP) is the wireless equivalent of a LIAMb. It is connected with the
wired backbone through a standard Ethernet cableorhmunicates with wireless
devices with the use of antenna. An AP operatesiwia specific frequency
spectrum. Most of the AP devices use the IEEE 80&tdddard, which enhances the
interoperability. An AP also informs the wireless nt® of its availability,

authenticates and associates wireless clients toitbiegs network.
Network Interface Cards (NICs)/Client Adapters

Wireless client adapter connect PC or Workstatiom tvireless network either in
adhoc (infrastructure less) peer-to-peer mode amfiastructured mode with APs. It
is available for two kinds of slots PCMCIA (Personabn@puter Memory Card
International Association) card and PCIl (PeripheCaimponent Interconnect), it
connects desktop and mobile computing devices wirelésghe whole network. The
NIC scans the available frequency spectrum for cdiviggcand associates it to an
access point or another wireless client. It comes avisbftware driver that couples it

to the PC operating system.

1.6 Quality of Service (QoS)
“QoS is defined as the ability of the network to pdeva service at an assured

service level’[9].

Quality of Service (QoS) is the ability to provide adeof assurance for data delivery
over the network. For example, traffic of differeziasses or traffic with different
requirements receives different levels of QoS asseraTherefore, the term QoS
support mechanism to refer to any mechanism thagjispped by any kind of QoS
support. The term QoS guarantee will be referred meahanism that can provide

guaranteed support. The objectives of QoS provisian be categorized into: a)



prioritized QoS support and b) parameterized QoSp@up[6]. Prioritized QoS
support aims at providing different level of QoSpgort for different classes of
traffic, e.g., high priority traffic receives bettiaroughput and delay than low priority
class traffic. Prioritized QoS support is also kmoas differentiated QoS support.
Parameterized QoS support aims at providing a spéevfel of QoS support, e.g., at
least 64 Kbps and delay less than 30 ms, on aveRegameterized QoS support is
also known as specific QoS support. Under prioritiZgoS support, scheduling
mechanisms classify packets into different priorigsses. Under parameterized QoS
support, scheduling mechanisms consider the reqaimenf a particular packet and

provide the appropriate treatment.

The wireless communication was originally develof@darmy use, because of its
ease of mobility, installation and flexibility; latenat was made available to civilian
use also. With the increasing demand and penetratiovireless services, users of
wireless network now expect quality of service ardigrmance comparable to what
is available from fixed networks. Some of factorattinfluence QoS of Wireless

Network include:
1. Throughput of Network

Represents the total number of bits (in bits/senydrded from wireless LAN
layers to higher layers in all WLAN nodes of théwark.

2. Retransmission Attempts

Total number of retransmission attempts by all WLMACs in the network
until either packet is successfully transmitted os itliscarded as a result of

reaching short or long retry limit.
3. Data Dropped

Data dropped due to unavailability of access to nmadiu
4. Medium Access Delay

It includes total of queuing and contention delaythefdata.



1.7 Problem Definition

High raw data rates (up to 54Mbps as per standamdstwice that in proprietary
ways) at physical layer have become possible in @sselcommunication. A key
component in the development of single channel wireheswaorks is the medium
access control (MAC) protocol with which nodes shareommon radio channel. A
MAC protocol should provide an efficient use of theailable bandwidth while
satisfying the Quality of Service (QoS) requiremeatsboth data and real-time
applications. Real-time services such as streamingevand video require a certain
quality of service such as low packet loss and levaylto perform well. To provide
QoS for such kind of application, service differatibn is must. Service
differentiation means that different types of traffiave different requirements on the
network. Various mechanisms have been developedppost quality of service but
no effort has been made to implement the latesinigaas in OPNET Modeler and
compare them in order to know which one is the besteuwhich type of traffic
conditions. This research is an effort to know thespand cons of various techniques
and preparing recommendations for future developmpriacesses of QoS

mechanisms in providing quality of service in WLANS.

The main objectives of the thesis are:

e The study of basic concepts and issues of Wirelessi@elhetwork that can
improve the QoS of a cellular WLAN. Mainly focusing dedium Access
Control layer of Open Systems Interconnection (OSajlel.

e Study various existing Medium Access Control protsof cellular WLAN.

« Implementation and comparison of efficient mechagisimat can improve the
QoS of WLAN by using OPNET Modeler’s wireless maaul

o Study the results obtained, and recommend theposstble protocol that can

provide high QoS under respective network traffinditions.

1.8 Thesis Organization
The rest of the thesis is organized as follows:

Chapter 2 surveys literature on QoS of WLAN fromwuak perspective to user
perspective. The categorization of MAC protocolal® discussed and then detailed

working of various Medium Access Control (MAC) protds is explained.

10



Chapter 3 explains the Work Flow Model of OPNET MQIER and various tools

used to simulate a network.

Chapter 4 defines performance metrics used to caarmipe MAC protocols. In the

end results are discussed.

Chapter 5 summarizes the work presented in thasteowed by future scope of

this work.

11



CHAPTER 2: Literature Survey

2.1 Introduction

This Chapter presents a comprehensive literatureegwn different perspectives of
QoS problem and its history. The detailed informatmbout various functions
affecting the QoS of WLAN in Layered Network modiehlso elaborated.

2.2 Quality of Service in WLANSs

Wireless networking is an attractive networking usioh due to its flexibility,
mobility and ease of installation without damaging thenihing of buildings (this
factor play most important role in of situations wheuildings are of higher heritage
importance). In the earlier phases its developmbetvtireless networks had low
bandwidth, high bit-error rates and high pricesalhimpeded their deployment [3].
When WLANs were introduced in full fledge, a new erfwireless networking
began. Now, solutions based on WLANSs provide a édtth close to that of wired
networks at a competitive price. Because of thiseless LANs are deployed at many
places today. It is expected that with the increasgality of service, the number of
installation would increase and WLANs would coverrelgrger areas. Today, many
places such as university campuses and corporfite afpace have coverage of
wireless LANSs, but the usage is often low becaussawareness among users about
their presence and working, or not owning the regliquipment to avail it. Users
expect similar performance as when using wired neéw&o that they can use real-
time application such as streaming audio and videsy the WLAN. Scenarios such
as these show a need for the ability to provide seemgice differentiation between
users to facilitate for applications with higher dews on the quality of service they
receive. Service differentiation means that differgypes of traffic have different
requirements on the network. For example, an intee voice application becomes
unusable if voice data packets are delayed morel®@mns in the network [22]. On
the other hand, a mail application or web browsersdaet have the same
requirements on low delays. Therefore, it is reabtento try to provide better service
to certain kinds of traffic.

Because the Wireless Channel is Time-varying, twezesyof Scheduling can be
Consider in Wireless network: a) Non-Opportunistic Salied and b) Opportunistic

Scheduling.

12



In Non-opportunistic Scheduling, such decisions do gumsider the Time-varying
characteristics of the wireless channel. The Netwogsources are considered
constant and do not change with time.

By Opportunistic, the ability of scheduler to allgvacket transmission based on
favorable Channel conditions [10]. In Opportunis8cheduling, such decisions
depend on the conditions of the Wireless Chanmeksihe characteristics of Channel
Wireless change with time and each user may perddig quality of the Channel
differently. For Opportunistic Scheduling, two types fairness constraints were
suggested [10]: a) Temporal fairness and b) Utisitafairness.

In the Temporal fairness scheme, time is used a<titerion to maintain fairness
among Mobile Stations (MSs).

In Utilitarian fairness scheme, the achieved pertoroe values, e.g. throughput, are
used as the criterion to maintain the fairness anid8s. Therefore, the advantage of
utilitarian fairness is that it ensures a certaweleof performance. However, a user
with an extremely poor channel could have a detrialémpact on the overall system
performance.

The IEEE 802.11 standard specifies two access machgnthe contention based
Distributed Coordinator Function (DCF), and the tcalized solution known as the
Point Coordination Function (PCF) [4]. Presentlypwever, in most available
products, only DCF is implemented. Even though P@f lze used to provide some
service differentiation, it has been previously shaw perform poorly [9]. Thus, the
DCF access mechanism can be considered to be l#lg aeed access mechanism
and one problem that WLANs do suffer from is theeetffof the contention based
medium access mechanism. Since the mechanism isntiontbased, all nodes that
have some data to send have to contend for the meshen it becomes idle through
an exponential backoff based scheme. This hasamgequence that as the number of
nodes in the network increases, the throughpuhefrietwork decreases. There are
however other proposed access mechanisms. Vaidgh [86]. try to emulate fair
queuing in wireless LANs, through a scheme calledtributed Fair Scheduling
(DFS). Sobrinho and Krishnakumar propose Blackb[#$t, a scheme designed to
provide collision-free medium access to real-timdfiraBoth Vaidya et al and
Sobrinho’s schemes, however, unable to addressdihe &f starvation of low priority
traffic at very high loads, therefore both schenaes not considered useful to

discuss[7]. The upcoming IEEE 802.11e standard amos:it an updated access
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mechanism known as the Enhanced Distributed Coatidim Function (EDCF) with
support for multiple traffic classes.

2.3 Perspectives of QoS Problem

Quality of services problem has two major perspestiv Network and

Application/user [15].

2.3.1 Network Perspective

From Network Perspective, QoS refers to the semyicdity or service level that the
network offers to applications or users in terms network QoS parameters,
including: latency or delay of packets traveling asrtise network, reliability of

packet transmission, and throughput.

2.3.2 Application/User Perspective

From Application/User Perspective QoS generallyrsefe the application quality as
perceived by the user. That is, the presentation tguaf the video, the
responsiveness of interactive voice, and the sauality of streaming audio. We
group applications and users in the same categuguse of their common way they

perceive quality [15].

2.4 Layered QoS

The layered QoS approaches (philosophies) sep@a$ aspects on each layer. In
layered QoS approach each layer's functions aresidered important and

determining to improve the quality of service of wetk. The performance of

Transport, Network and data link layer is the maosicial factor among the other

layers of OSI model.
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Figure 2.1 Layered QoS Approaches
As there has been lot of work done in Transpod Aletwork layer, the
performance of both layers in supporting QoS of WLK at acceptable level. But
the data link layer is still lagging behind. IEEB2811, the official body that sets the
standards for WLANSs is continuously making effottsimprove it. In year 2005,
IEEE passed a new standard 802.11le to provide QO®/LANs [18]. A new
protocol, EDCF in place of existing DCF has beerppeed.

2.5 MAC Protocols Categorization
MAC protocols can be divided into two types [16]:

e Centralized

e Distributed

In centralized type of MAC protocols, a designatedth(often referred to as base
station or access point) co-ordinates access twitedess medium. It's a contention
free mechanism. PCF (point coordination functionparisexample of this kind of

protocol.

In distributed type of MAC protocols there is no &mdiior. Since the mechanism is

contention based, all nodes that have some datanth bave to contend for the
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medium when it becomes idle through an expone&@dkoff based scheme. For
example, in CSMA (Carrier Sense and Multiple Access)pde wishing to transmit a
packet does so only if does not hear another ongoamgmission. CSMA protocol is
fully distributed since each node independently detersnwhether to transmit a
packet or not. DCF and EDCF are the examples ofibused type medium access
protocols. Working of these protocols is discussetiénfollowing section.

2.6 MAC Protocols

Distributed Coordination Function (DCF) is the antly used protocol that comes
with an optional Point coordination Function (PCFptBcol. Enhanced Distributed
Coordination Function (EDCF) is the future protodwdtt promises to provide the

QoS. The explanation of these protocols is as follows:

2.6.1 Distributed Coordination Function (DCF)

Distributed Coordination Function is the basic ascesechanism used in IEEE
802.11.1t uses a Carrier Sense Multiple Access w&hllision Avoidance
(CSMA/CA) algorithm to mediate the access to theesthanedium. Before discussing
DCEF, there is terminology used in technicalitiest thae needs to know; that are as
follows:

Inter Frame Space (IFS) are the time a station waits when the medium is beliere
attempting to access it. IEEE 802.11 defines seveéf#d, and by using shorter IFS,
the medium is accessed prior to stations using lohge The standard defines four

IFS in ascending order of time, in other wordsceasing order of priority.

Short Inter Frame Space (SIFS) is used to separate transmissions belonging to the
single dialog (Fragment-ACK) and it is the minimum inteme space. There is, at
most, one single station to transmit at any giveretitherefore giving it priority over

all other stations. This value for 802.11 PHY isetixto 28 ms, time enough for the
transmitting station to be able to switch back toehee mode and be capable of

decoding the incoming packet.

PIFS (Point Coordination Function IFS) is used by the Access Point (or Point
Coordinator) to gain an access over the medium beafoyeother station. The value is
SIFS + Slot Time, i.e. 78 ms.
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DIFS (Digributed Coordination Function IFS) used in case of sending data packets
and management packets (such as beacons). Distfilbe$ is the inter frame space
used for a station willing to start a new transmisswamch is calculated as PIFS plus

one slot time, i.e. 128 ms .

EIFS (Extended IFS) is a longer IFS used by a station that has redeavpacket that
could not understand. This is needed to preventstagon from colliding with a

future packet, belonging to the current dialog.

Therefore, in an event of contention, acknowledgmehthave higher priority than
data and management packets. Because DCF was adligibesigned for data
applications [24], its main weaknesses are the latkQoS support (absolute
throughput, relative throughput or delay support)e lack of any QoS support also
means that DCF provides no fairness among diffeteaffic classes or among
different transmitting frame sizes.

Whenever a data frame is to be sent, the statinsesethe medium [20]. If it is free
for at least a DCF interframe space (DIFS) periotiroé, the frame is transmitted.
Otherwise, if the medium is busy, a backoff timerBe&sured in time slots which
depends upon the characteristic of physical layephbsen randomly in the interval
[0, CW], where CW is the contention window [26]. &ftthe medium has been
detected idle for at least a DIFS, the backoff tinsedecremented by one for each
time slot the medium remains idle. If the mediuncdrees busy during the backoff
process, the backoff timer is paused, and is festavhen the medium has been
sensed idle for a DIFS again. When the backoff tireaiches zero, the frame is
transmitted. Upon detection of a collision (whichdetected by the absence of an
acknowledgment frame to the data frame), the cointerwindow is redefined

according to Equation (1).

CW[i] =2® —1 -
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Figure 2.2 Interframe&pace relationships

Wherei is the number of attempts (including the current doejransmit the frame
that has been done, akds a constant defining the minimum contention window,
CWmin = 2~ 1. A new backoff time is then chosen and the bdgiafcedure starts
over. The backoff mechanism is also used after @esstul transmission before
sending the next frame. After a successful transorisghe contention window is
reset taCWmin.

2.6.2 Point Coordinator Function

PCF is a polling-based access mechanism which regtiieepresence of a base
station that acts as Point Coordinator (PC) [16P®F is supported, both PCF and
DCF coexist and, in this case, time is divided suwperframes as shown in Figure 2.3
of Superframe of IEEE 802.11. Each superframe stf a contention period
where DCF is used and a contention free period J¢Z&] where PCF is used. The
CFP is started by a special framebéacon) sent by the base station. Since the beacon
is sent using ordinary DCF access method, the s&d®n has to contend for the

medium, and therefore, the CFP may be shortened.
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The PC keeps a list of mobile stations that haveesiqd to be polled to send data.
During the CFP, it sends poll frames to the statishen they are clear to access the
medium. Upon reception of a poll frame, the staiends a data packet if it has any
packet queued. To ensure that no DCF stations [@deeta interrupt this mode of

operation, the IFS between PCF data frames isahitidn the usual DIFS. This space
is called a PCF Interframe Space (PIFS) [1]. To @gméstarvation of stations that are
not allowed to send during the CFP, there must alwaysobm for at least one

maximum length frame to be sent during the contarjeriod.

2.6.3 Enhanced Distributed Coordination Function

EDCF is designed to provide prioritized QoS by ewmivem the contention-based
DCF. It provides differentiated, distributed accessh® wireless medium for QoS
stations (QSTAS) using 8 different user priorit{gis). Before entering the MAC
layer, each data packet received from the highegrlas assigned a specific user
priority value. The EDCF mechanism defines fouredint first-in first-out (FIFO)

queues, called access categories (ACs) that preudpeort for the delivery of traffic

with UPs at the QSTAs. Each data packet from thadri¢dpyer along with a specific

user priority value should be mapped into a cowedmg AC according to Table 2.1

[2]
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Table 2.1 Details of Access Classes

Priority

Access Category(AC)

Designation

Background

Standard

Best Effort

Excellent Effort

Streaming Multimedia

Interactive Multimedia

Interactive Voice

~N| O O A W O] N

Wl W N N k| k| O O

Reserved

Note that the relative priority of O is placed beem 2 and 3. This relative
prioritization is rooted from IEEE 802.1d bridgeesfiication. Different kinds of

applications [1](e.g. best effort traffic, video fref and voice traffic) can be directed
into different ACs. For each AC, an enhanced vardnhe DCF, called an enhanced

distributed channel access function (EDCAF), corgefud TXOPs (Transmission

Opportunities).

AC 0

AC AC 2

£ 3

+

3 ¥

+

Backoff
AIFES(0)

Backoff Backoff
AIFS1) AIFS2)

Backoff
AIFS(3)

4

¥ L S

L S

Virtual Collision Handler

‘ Transmission Attempt

Figure 2.4 shows the implementation model with toansmission queues.
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Where each AC behaves like a virtual station: it ends for access to the medium

and independently starts its backoff after sensirgmedium idle for at least AIFS

period. In EDCF a new type of IFS is introduced,dhgitrary IFS (AIFS), in place of

DIFS in DCF [16]. Each AIFS is an IFS interval walbitrary length as follows:
AIFS[AC] = SIFS + AIFSN[AC] x slot time

Where AIFSN[AC] is called the arbitration IFS numlzard determined by the AC

and the physical settings, and the slot time igtivation of a time slot.

AIFSIi]
AIFSIi]
——{/]]]]]
DIFS . .
Immediate access when e Contention Vindow
Medium is free>= DIF S/AIFS[] — —
PIFS
DIFS/AIFS SIFS
] I I
// Backoff ¥Window // Mext Frame

-Slot time
Select Slot and decrement

e —

Backoff as long as medium idle

Figure 2.5 the timing relationship of EDCF

The AC with the smallest AIFS has the highest pyorithe values of AIFS[AC],
CWmiIn[AC], and CWmax[AC], which are referred to &® tEDCF parameters, are
announced by the AP(Access point) via beacon frafhpsThe purpose of using
different contention parameters for different queise® give a low-priority class a
longer waiting time than a high-priority class, $@ thigh-priority class is likely to
access the medium earlier than the low-prioritys€laAn internal collision occurs
when more than one AC finishes the backoff at #maestime. In such a case, a virtual
collision handler in every QSTA allows only the high@riority AC to transmit

frames, and the others perform a backoff with iaseel CW values [7].
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TXOP-Transmission opportunity is defined in IEEE 802 as the interval of time
when a particular QSTA has the right to initiate traissions. There are two modes
of EDCF TXOP defined, the initiation of the EDCF ©R and the multiple frame
transmission within an EDCF TXOP [27]. An initiatiofthe TXOP occurs when the
EDCEF rules permit access to the medium. A multipdente transmission within the
TXOP occurs when an EDCF retains the right to actessmedium following the
completion of a frame exchange sequence, such asceipt of an ACK frame. The
TXOP limit duration values are advertised by the RQ@0S station) in the EDCF
Parameter Set Information Element in Beacon frarbesing an EDCF TXOP, a
STA is allowed to transmit multiple MAC protocol dataits (MPDUs) from the
same AC with a SIFS time gap between an ACK and ghbsequent frame
transmission. A TXOP limit value of O indicates tratsingle MPDU may be
transmitted for each TXOP [7]. This is also refert@és contention free burst (CFB).
The thesis investigates the situation where aocstaftiansmits one data frame per

TXOP transmission round.

22



CHAPTER 3: Introduction to OPNET MODELER

3.1 Introduction

OPNET MODELER is used to design and study commuioicanetworks, devices,
protocols and applications. It provides a graphiditioe interface to build models for

various network entities from physical layer modotdb application processes [12].

3.2 OPNET MODELER Tools

OPNET supports model specification with a numbetools, called editors. These
editors handle the required modeling informatioraimanner that is similar to the
structure of real network systems. Therefore, thelehepecification editors are
organized hierarchically. Model specifications perfedin the Project Editor rely on
elements specified in the Node Editor. The rest ofeatitors are used to define
various data models, new links and nodes, etc. Tigianzation is described below
[1, 13, 7, 11]:

Project Editor

Project Editor is used to develop network models. Metwnodels are made up of
subnets and node models. This editor also inclu@dest simulation and analysis
capabilities. The Project Editor is the main stagarga for creating a network
simulation. From this editor, you can build a netkvarodel using models from the
standard library, choose statistics about the né¢wan a simulation and view the
results. It is also possible to create node and psoo®dels, build packet formats,
and create filters and parameters, using speciaéidédrs that you can access from
the Project Editor. In Figure 3.1 an example of pheject editor view of a Wireless

Network is shown.
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Figure 3.1 Project Editor - view of a Wireless Netlwor

Node Editor

Node Editor is used to develop node models. Noddetsoare objects in a network
model. They are made up of modules with processefso@he Node Editor lets you
define the behavior of each network object. Behavéo defined using different
modules, each of which models some internal asgesbade behavior such as data
creation, data storage, etc. A network object igally made up of multiple modules
that define its behavior. In the Figure 3.2, thare some parts of a router’s internal
structure, such as a TCP module, an UDP moduleari& module.
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Figure 3.2 example of Node Editor

Process Editor

Process Editor is used to develop process moded&eBs models control module
behavior and may reference parameter models. Thisredts you create process
models, which control the underlying functionalitytbé node models created in the
Node Editor [8]. Process models are representethlg state machines (FSMs), and
are created with icons that represent states aed fimat represent transitions between
states. Operations performed in each state or fdraasition are described in

embedded C or C++ code blocks.
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Figure 3.3 example of process model

External System Editor

External System Editor is used to develop externsiesy definitions. External

system definitions are necessary for simulation.

Link Model Editor

Link Model Editor creates new types of link objedach new type of link can
have different attribute interfaces and represemiattas also possible to edit and

view link models already created.
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Packet Format Editor

Develop packet formats models are created by usangd® Format Editor. This
editor defines the internal structure of a paclsea aet of fields. A packet format
contains one or more fields, represented in the@ed# colored rectangular boxes.
The size of the box is proportional to the numbebits specified as the field’'s
size.

ICI Editor

ICI Editor is used to Create, edit, and view inteefacontrol information (ICl)

formats. ICls are used to communicate control inftiom between processes.

=IC1 Format: gna_ace_asction_walk_req Lo =10
B =Rk - tindre: !
Anbute Mamg | Tope- - DrafactValue: [hazcniphion L2
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un_oi_uded riege

e

Figure 3.4 example of ICI editor

PDF Editor

The PDF (Probability Density Function) Editor desesthe spread of probability
over a range of possible outcomes. A PDF can migelikelihoods associated
with packet interarrival times, or it can model thebability of transmission

errors. This editor allows creating, editing, angéwing probability density

functions (PDFs).
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Figure 3.5 example of PDF editor
Path Editor

The Path Editor defines path models; each pattctbjenderlying model determines

its attribute interfaces, presentation, and behavior.
Demand Editor

The Demand Editor defines demand models; each deotiaiadt's underlying model

determines its attribute interfaces, presentationd,l@ehavior.
Link Editor

The Link Editor supports the definition of reusalii models that are used to create
link objects in the Project Editor. Each link objsdittribute interfaces, presentation,

and behavior, are determined by the link model thaies upon.

Once all the different interfaces are shown, it isessary to describe the different
steps to build a network model and to simulate it.tRe purposes of this thesis work,

it's only necessary to work with the project.
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3.3 The Modeler Workflow
This section outlines the workflow when using OPNET

1. Create
Network
Models

3. RUN
SIMULATIONS

2 .Choose
Statistics

4" View and

analyze results

Figure 3.6 Workflow Model

3.3.1 Create Network Model
The first step is to create the networks models hecessary to generate the

network to simulate in any of the following threeysa

¢ Placing individual nodes from the object palette itite workspace.
e Using the rapid configuration tool.
e And/or importing the network from an external data.
Furthermore, you have to introduce the traffic yoantto run through the network.
There is two main ways of putting traffic in the ded
a) Importing
b) Manually specifying

3.3.2 Choose Statistics
Afterwards and before running a simulation, it Bcessary to choose the

statistics we want to collect. OPNET does not autaaly collect all statistics in the
system because there are so many available that gguaot have enough disk space
to store them. Specifying statistics is a straightfodvtask which is performed
through the GUI.
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3.3.3 Run Simulation

The third thing to set is configuring the parametefsghe simulation and
running them. Running simulations is typically thbtigf as the next-to-last step in
the simulation and modeling process, the last step besgts analysis. However,
simulation is typically done many times in the modgliprocess to check the
rightness of the generated network. There are diffekinds of analysis that can be
done in OPNET MODELER.

1. Discrete Event Simulation
2. Flow Analysis

3. Failure Impact Analysis
4. NetDoctor Validation

Discrete event simulation provides the most detaflesults but has the longest
running times. This is because it does a more théraamplysis than the others,
handling explicit traffic, conversation pair trafficnda link loads. The other types
answer specific types of questions and generatdtseswich faster than a discrete
event simulation. A flow analysis, for example, handialy conversation pair traffic
(flows) and a NetDoctor validation does not consitaffic at all. Licenses for
generating Discrete Event Simulations (DES) are aMaildbr this studies and

analysis.

3.3.4 View and Analyze Results

It is the last step of simulation. The results banwatched from the Project
Editor or from the Analysis Tool. The Analysis Tguwbvides the capability to extract
data from simulation output files, and to manipulatel @msplay it according to
various plotting methods. Data can be manipulatedutiir built-in operations in a

different way to get wanted information.

Hence, the final workflow of a project could befakows:
* Create project
* Create baseline scenario

- Import or create topology

- Import or create traffic

- Choose results and reports to be collected
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- View results and analyze them

Iterate by duplicating the scenario and changingipaters

OPNET uses a project and scenario approach to moetelorks. Project is a

collection of related network scenarios in whichreagplores a different aspect of
network design.

A project contains at least one scenario and aasitens a single instance of a
network comaining all the information. It is possible to run all theenarios of the

network at the same time and compare the resultsaoh one. This allows the
scenarios to check if a server will support and imenet of the traffic, the effect of

the increment of the traffic in a link in the resperof a service, etc [14].
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CHAPTER 4: Simulation Results and Discussions

4.1 Introduction

| have studied various Medium Access Control protodor Wireless local
Area Networks. To choose the best one amongst il&rgxprotocols, it is necessary
to have a network model scenario and some perforenametrics on the basis of
which they can be evaluated. In this chapter, varimasrics for comparing the
performance of MAC protocols and a network modelctory out simulation is
discussed. At the end of this chapter, resultsioétafrom the simulation in the form

of graphs will be presented. Future work is also ssigge

4.2 Metrics

Selecting the correct metrics in the evaluatiothef QoS mechanisms is vital to the
result and validity of the evaluation. The metrigsed are Throughput, Access Delay,
and End to End Delay in case of realtime multimed&tfic like VolP, Video
streaming (Video conferencing), response time isecaf Telnet or Remote Login
type applications which cannot tolerate delay and lmsdata and Retransmission
Attempts in case a station does not get a chaneéadimternal collision. Following is

the list of metrics used:
Throughput

The Throughput for different priority levels showew well the QoS schemes can
provide service differentiation between the varipumrities. The Throughput of all
stations shows the utilization of the wireless madiWVireless bandwidth is a scarce

resource, so efficient use of it is vital.
Media Access Delay

We measure access delay as the time from wheratherelaches the MAC layer until
it is successfully transmitted out on the wirel@ssdium. The reason for studying
average access delay is that many real-time applisatiave a maximum tolerable
delay, after which the data will be useless. Theggfdris important to provide low

delay for real-time flows.
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Retransmission Attempts

Total number of Retransmission Attempts by all WLMMCs in the network until
either packet is successfully transmitted or itiscdrded as a result of reaching short
or long retry limit. For 802.11e-capable MACs, thetrResmission Attempt counts
recorded under this statistic also include retry tomerements due to internal

collisions. This factor plays important role in Rerhance of WLAN.

Data Dropped

Data Dropped due to unavailability of access to medilinis factor largely affects
the reliability of WLAN.

4.3 Simulation Scenario

Creating a simulation scenario that is equivalent awerld scenario is the first step
of simulation. In this simulation, the wireless tagmy consisted of several wireless
stations and one base station in the wireless L. base station was connected to a
wired node (Figure 4.1) which serves as a sinktha flows from the wireless
domain. All wireless stations are located such thatryestation is able to detect a
transmission from any other station, and thereasmobility in the system. This
means our results will not be impacted by mobilityl gghenomenon such as the

hidden node problem.
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Figure 4.1 a sample network model

The simulation experiments are carried out using OPSHEulator (version
14.0) on Windows platform. For this simulation, aadaate of 11 Mbps is chosen.
The various MAC and PHY parameter values used ire@periment are according to
IEEE 802.11e default values given in Table 4.1. Weehan the simulation for 5

minutes for each scenario, then compared the sesbtined from them. Figure 4.1

shows a sample network model for our experiment.

Table 4.1: MAC and PHY parameter values used in Emx@nt

ATTRIBUTE

VALUE

Physical Characteristics

Direct Sequence

Data Rate (bps) 11 Mbps
Transmit Power (W) 0.005
Buffer Size (bits) 256000

BSS Identifier

Auto Assigned

Channel settings

Auto Assigned

Roaming Capability Disabled
AP Beacon Interval (secs) 0.02
Large Packet Processing Drop
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4.4 Simulation Method

To compare the performance of DCF and EDCF twoas@es were created; medium
access in first scenario was supported by DCF ansecond, EDCF protocol was
used at the MAC layer. Network environment factorhichh were used as a
benchmark configured same for both scenarios. [Retapecifications are given in
the Table 4.1 showing the MAC and PHY parametersdus experiment. The
performance evaluation is done by simulating both sgenhane by one in OPNET

simulator and then comparing the graphs obtained.

45 Results

After choosing metrics, the simulation is done fomiutes for a scenario. Then

results were gathered.

4.5.1 Analysis of EDCF

In case of EDCF, all four traffic classes were fet ithe MAC layer from higher
layer, which are corresponding to AC(0), AC(1), ACg&)d AC(3) respectively to
check how efficient the new protocol is to proviégevice differentiation required for
real time application. (Note that DCF does not suppervice differentiation, so no
provision of Access category). For this, in the aggtlon profile of scenario (for
EDCF protocol) different application was configured @ifferent access category.

Details are shown in the Table 4.2.

Table 4.2 Access Category corresponding to an apipiica

ACCESS APPLICATION
DESIGNATION
CATEGORY CONFIGURED
AC(0) HTTP (LIGHT) BACKGROUND
AC(1) REMOTE LOGIN (HEAVY) EXCELLENT EFFORT
INTERACTIVE
AC(2) VIDEO CONFERENCING
MULTIMEDIA
AC(3) VOIP INTERACTIVE VOICE
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In the profile configuration, a profile for clientgas configured that uses all the four
applications. In simulation scenario, 15 statiorsenconfigured to use these services
randomly.In the simulation, we assumed that each traffic classheequal portion of the
total data traffic in terms of the average number oketscgenerated per unit timeThe

results obtained are as follows:

4.5.1.1Throughput of Different Access Categories

B Annotation; Background
B &nnotation; Best Effort
O Annotation: Yideo

O &nnotation; Yoice
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Figure 4.2 Throughput of Different Access Categorie

It is observed from figure 4.2 that the ThroughpuActess category 3 is way high
than the Access category 0 and 1. Throughput faess category 2 lies in between 3
and 1. It means that Throughput for applications Nk&ice over IP and Video
conferencing, EDCF provides maximum Throughput oy jpling them more priority

over the other services like simple HTTP.
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4.5.1.2Media Access Delay for Different Access Categories
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Figure 4.3 Wireless LAN - Media Access Delay

It is observed from figure 4.3 that the Media AccBsday for Access category 3 is
minimum among all Access categories. Media AccedayDier Access category 2 is
just 3 to 4 seconds more than AC (3). It means tmatmedium is assigned to the
application according to the priority. Thus, EDCFyides lesser Medium Access

Delay for realtime applications.

4.5.2 Comparative Analysis of DCF and EDCF
Next step is to check the performance of both paiodn terms of

Throughput, Media Access Delay, Retransmission Attesrand Data Dropped. These
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four metrics are determining factors in terms otm performance of both the

protocols.
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Figure 4.4 Throughput of DCF vs. EDCF

It is observed from figure 4.4 that in the first 3&snds of simulation, Throughput of
both DCF and EDCEF is high, but then after thatieitreases with time and stabilizes
for both protocols. Throughput in first 30 seconslshigh due to less number of
Retransmission Attempts (less number of backofFspm Graph analysis, one fact is
clearly visible, that curve of DCF is marginally hightan that of EDCF. We can

conclude that DCF's overall Throughput is somewhate than the EDCF.
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4.5.2.2 Retransmission Attempts
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Figure 4.5 Retransmission Attempts of DCF vs. EDCF

It is observed from figure 4.5 that in the first 3@cends of simulation,
Retransmission Attempts for both DCF and EDCF ass, Ibut then after that, it
decreases with time and stabilizes for both proto&®$ransmission Attempts in first
30 seconds are less due to less number of baclagEgned to wireless stations.
There is a small noticeable difference between cusvé&transmission Attempts of
DCF and EDCF protocol. That small difference impliest tithe overall

Retransmission Attempts made in DCF protocols duie lasser than EDCF protocol.
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4.5.2.3 Media Access Delay
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Figure 4.6 Media Access Delay of DCF vs. EDCF

In Figure 4.6, for the first minute of simulatioretiMedium Access Delay for both
protocols increases at equal pace, and then atgr BICF suffers somewhat lesser
Access Delay than EDCF. The increase in the Mediutgess Delay for both

protocols is due to increase in the number of nodespeting to gain access of

medium.
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4.5.2.4 Data Dropped
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Figure 4.7 amount of Data Dropped of DCF vs. EDCF

It is observed from figure 4.7 that the first 30 mads of simulation, DCF suffers a
sudden high Data Drop, but Data Drop in EDCF in@eagadually. The reason of
varying Data Drop gradually in EDCF is the servicdedé@ntiation which provides
priority based scheme to handle different kind ofadaAfter 2.5 minutes of
simulation, curves of Data Dropped of DCF and EDf@fain same for both

protocols, EDCF finishes at less Data Dropped th@i.D
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CHAPTER: 5 Conclusions and Future Scope

5.1 Conclusion

The results obtained from simulation shows that Boéd Distribution Coordination
Function provides efficient mechanism for servidéetentiation and hence provides
quality of service to the Wireless LAN. However stiinprovement comes at a cost of
a decrease in quality of the lower priority traffip to the point of starvation. The
acquisition of the radio channel by the higher piyaraffic is much more aggressive
than for the lower priority. Higher priority traffi benefited, while lower priority
traffic suffered. In terms of overall performancedar the used simulation conditions
in this particular study of QoS of Wireless LAN), D@Erforms marginally well than
EDCF. This happens due to reason that in EDCF mesthaeach AC function acts
like a virtual station for medium access, so moréisioh will be expected for EDCF
scenario. But in terms of Quality of Service for lie@e applications (like Video
conferencing) EDCF outperforms DCF. EDCF has beampgsed as the medium
access control protocol for IEEE’s upcoming stadd&EE 802.11e. The wireless
devices using EDCF as MAC protocol would be avadaiol market in the next
coming two years. Presently, all of the wirelesgicks use DCF as the default MAC

protocol and PCF as the optional functionality.

5.2 Future Work
Future work may be done to minimize collisions tbatur in EDCF and also to

introduce a procedure to avoid the starvation oElopriority processes.
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