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Abstract. This paper compares theoretically and practicathe
performance of a number of broadband wireless t@olgies when used
for streaming high quality multimedia. Simulatiortbat involve
IEEE802.11a, IEEE802.11b and IEEE802.11g standesdpectively
assess the effect of range, user mobility and ibeease in number of
simultaneous subscribers on the multimedia stregrgimality. In this
context average throughput, packet loss and detagampared.

1. Introduction

With the increasing penetration of broadband cotivigc to homes and businesses,
high quality rich multimedia-based services sucmteractive TV, Video on Demand and
gaming are getting more popular among users. Atstme time wireless technologies
provide advantages such as flexibility of viewecdtion, mobility and convenience that
are determining many customers to use them foriloligion of many services. Recently it
seems that these two trends are merging in ordesupport the distribution of rich
content, such as multimedia, to users anywheretimayand to any device, including
personal computers, handheld electronics and ghartes.

Wireless technologies have evolved rapidly in régears. The limited number of low
use, very specialised technologies which existeatsy@go have been succeeded by a
whole range of commercially available systems nagdrom the original IEEE 802.11
standard offering up to 2Mbps to the proposed UNiideband (UWB) technology which
aims to provide transmissions in the region of 45081 The growing confidence in the
benefits offered by wireless technologies is evideam the findings of a Forrester report
which stated that 77% of public sector firms and®o60f all enterprises planned to
increase their deployment of Wireless LAN (WLAN)Xh&ology in the next twelve
months [1]. Along with efforts to deploy WLANS, sificant efforts are targeted towards



Wireless Metropolitan Area Networks (WMANS) and ‘less Personal Area Networks
(WPANSs). WMAN is used to offer high bandwidth netl@onnections to an area around
the size of a city through the use of roof-mourdaatennas. WPANSs on the other hand are
designed for very short distances to allow deviceslose proximity of each other to
communicate without the need for wires.

This paper compares theoretically and practicdlly performance of a number of
broadband wireless technologies when used for mettia-based e-learning. It starts with
a theoretical comparison of the standards from IEEE802.11 family, IEEE802.16
family and the emerging UWB. The paper then stugiesctically, with the aid of the
OPNET modeller and the associated wireless networiulator module [2], how the
existing IEEE wireless standards: IEEE802.11a, I®8EE11b and IEEE802.11g support
high quality multimedia-based e-learning. Averageket loss, delay and throughput are
computed and presented for each wireless technadlogher various scenarios. These
scenarios assess the effect of user mobility aodkase in number of simultaneous users
on the quality of multimedia streaming. The papads with a presentation of the
conclusions drawn and possible future work diretio

2. Broadband Wireless Technologies

The desire for systems that offer improved flexipiland mobility has stimulated
people into considering wireless technologies ablei alternatives to the traditional wired
networks. Wireless technologies also offer the iptdié of low deployment costs and
broadband bandwidth capability. However the inceddaterest in the area has resulted in
the necessity to develop new standards to cope tiwéhconsumers growing needs. As
various bodies develop these new standards it p@fitant that at all times the spectrum
allocation process is carefully monitored and calleéd. Loose regulation may accelerate
the expansion of the WLAN market but could alsoateeinterference problems; by
contrast strict regulation could allocate the spaut well but might impede market
development [3]. Therefore a compromise betweensethéwo tendencies seems
appropriate.

2.1 802.11 Family

The 802.11 family started with the original 802.%tandard, comprises 802.11a,
802.11b, 802.11g and other proposals and now ismtbst popular group of wireless
standards. It was initially developed to be a semahd cost-effective replacement for
existing wired networks and to offer other potdnsarvices not possible with previous
technologies.

Before the creation of 802.11 very few wirelessngtads existed and those that did



were not widely implemented as they offered vettfelipractical benefits. However in
1985 the Federal Communications Commission of thited States authorized three
Industrial, Scientific and Medical (ISM) frequenbgnds. These ISM bands accelerated
the development of WLANs because vendors no lomgeded to apply for licenses to
operate their products. In 1989, the IEEE 802.1XRivig Group began elaborating on the
Wireless LAN Medium Access Control (MAC) and Phyditayer specifications [3]. The
IEEE802.11 WLAN standard was approved in June Mi®Y data rates of 1 and 2Mbps

[4].

The IEEE8B02.11 standard specifies two possible otwonfigurations: Ad-hoc and
Infrastructure. Ad-hoc networks require no basé¢ista Devices discover others within
range to form a network. Devices may search fayetanodes that are out of range by
flooding the network with broadcasts that are fodkea by each node. Infrastructure
configuration relies on the fact that a base statiots as a central point between two or
more wireless devices. The base station controlgradfic and communications on the
network and therefore between the inter-networledags.

IEEE802.11 makes use of the 802 Logical Link Cdr(itbC) protocol but specifies its
own specialised physical layer and MAC sub-lay&he 802.11 MAC supports two basic
medium access protocols: contention-based Distib@oordination Function (DCF) and
optional Point Coordination Function (PCF). WhenFR€ enabled, the wireless channel
is divided into super-frames. Each super-frame isthf a Contention-Free Period
(CFP) for PCF and a Contention Period (CP) for D[BF.The DCF setup can also be
known as Carrier Sense Multiple Access with CallisiAvoidance (CSMA/CA) and is
generally used in the case of Ad-hoc networks. B&Ehe other hand is only used in the
case of an Infrastructure setup.

The 802.11 standard specifies two physical layPigect Sequence Spread Spectrum
(DSSS) and Frequency Hopping Spread Spectrum (FIFEEB)oth of which operate on
the 2.4GHz ISM band. DSSS provides 2Mbps of pedak emd optional 1Mbps in
extremely noisy environments. The FHSS physicatdaperates at 1Mbps with optional
2Mbps in very clean environments. In addition te thdio frequency (RF) physical layer,
an infrared (IR) physical layer is also specififithe IR physical layer supports both
1Mbps and 2Mbps for reception, and 1Mbps with antioopl 2Mbps bit rate for
transmission. The IR physical layer uses the radtbc infrared energy for
communications, which is called diffuse infrarednsmission. A typical range of 10 m
imposes strict limitations to IR wireless systenmsl dherefore the RF techniques are
generally preferred [3].

2.1.1 802.11b

On the 16th of September 1999 the 802.11b standesl introduced, promising
interoperability among products of different versland compatibility with legacy 802.11
products [3]. It is often referred to as Wi-Fi,earh promulgated by the Wireless Ethernet



Compatibility Alliance (WECA). Products certifiecs &Vi-Fi are interoperable with each
other even if they are from different manufacturers

Like its predecessor 802.11b operates in the 2.4 @ band. The standard uses
DSSS, Time Division Duplexing (TDD) and digital mddtion of Differential Binary
Phase Shift Keying (BPSK), Differential Quadrati?kase Shift Keying (QPSK), and
Complementary Code Keying [6]. It allows for highiata speeds (transmission rates of
1,2,5.5 and 11Mbps) and is less susceptible toipatiit-propagation interference. Its
sensitivity varies from -83 to -76dBm [7].

Although IEEE802.11b is the most popular form of MW, it does have problems. As
the 2.4GHz ISM band is also utilised by medicalipment, household appliances (e.g.
cordless telephones and microwaves) as well as m@ghbnologies such as Bluetooth,
major interference problems can occur [3].

2.1.2 802.11a

O With the aim of solving the radio interferenceldem in 802.11b the IEEE created
an additional 802.11 standard which makes use oélemnative frequency band. The
802.11a standard, introduced in September 1999atgse in the 5GHz unlicensed
national information infrastructure bands.

The standard allows high-speed data transfers ®f18518,24,36,48 and 54Mbps,
between computer systems and various peripheratekeat speeds approaching that of
fast wired local area networks [8]. The standarckesause of Orthogonal Frequency
Division Multiplexing (OFDM), TDD and digital modations of BPSK, QPSK, 16QAM
and 64QAM [9]. The higher levels of modulation gehigher data rates but lower
sensitivity due to limited signal energy per bitistresults in sensitivity ranging from -81
to -65dBm [7].

However 802.11a does have a number of disadvantdgei operates in the 5GHz
band, it is incompatible with the previous 802.1tl 802.11b standards which operate in
the 2.4GHz band. This means that companies orighails wishing to upgrade from the
previous standards to benefit from improved transfgeeds and reduced interference
must replace all existing products with the new.802 products. In addition to this, the
5GHz band in which the standard operates is nem$ie-free in every country.

2.1.3 802.11¢g

O As a result of the problems with 802.11a it begalasirable to create a standard that
offered the improved data transmission rates of stedard whilst still maintaining
backward compatibility with the existing 802.11 &8@R2.11b products. For that reason the
IEEE proposed the 802.11g standard in November 28@1was formally ratified in June
2003. Like 802.11a it is based on OFDM but insteads the 2.4GHz ISM band. The
standard specifies transmission rates of 6,12,24836nd 54Mbps, similar to 802.11a.
However, since 802.11g uses the same spectrum &et®e and 2.4835GHz and is



inherently backward compatible with 802.11b, idiacting more attention from industry
than the earlier standardized 802.11a [5, 10].

2.1.4 Emerging Standards

Existing IEEEB02.11 standards are designed for dféstt services only. The lack of a
built-in mechanism for support of real-time sergiamakes it very difficult to provide
Quality of Service (Qo0S) guarantees for througliptensive and delay-sensitive
multimedia applications [5]. In this context it i®ped that the emerging IEEE802.11e
standard will provide QoS capabilities that canused to improve end-user perceived
quality by allowing for dynamic prioritisation of uitimedia services. Part of the same
family, IEEE802.11i is concerned on the securit§2.81n - on improvements for
achieving higher throughput; 802.11h looks at sp@ctmanagement, etc.

2.2 802.16 Family

IEEE Working Group 802.16 on Broadband Wireless essc Standards [11] has
proposed the original IEEE 802.16 standard in Ddman2001 (ratified on the 8th April
2002) that specifies details about fixed point-tolipoint broadband wireless systems
operating in 10-66GHz licensed spectrum.

The 802.16 standard or WiMax (Worldwide interopdigbfor Microwave access) is
the basis for WirelessMAN, a wireless communicati@iwork spanning a large area,
similar in size to an average large city. It pr@sdnetwork access to buildings through
exterior antennas communicating with central rd@tse Stations (BS). WiMax offers an
alternative to cabled access networks, such ae fijptic links, coaxial systems using
cable modems, and digital subscriber line (DSLRdifL1]. One of most appealing aspects
of the WiMax standard is the ability to quickly arelatively cheaply set up the network
infrastructure required to supply a large area Witfh bandwidth access. By installing a
small number of base stations on tall buildingselmvated ground around the area, a
wireless system can be installed in a matter ofk&vees opposed to the months or years
required for a traditional system. As well as thgpioved instillation speed the system
also reduces the cost and disruption of instillatichen compared to traditional systems
where roads and hence traffic would have to beudisd for the laying of the necessary
physical infrastructure.

WiMax has a long transmission range (up to 31 rpilescause regulations allow
WiMax systems to transmit at high power rates amdabse the directional antennas
produce focused signals [12]. This helps to brieguork access to an entire building,
users inside it connecting via conventional EtherflEEE802.3) or wireless LANs
(IEEE802.11) [11]. A variation is currently beingwkloped whereby individual interior
antennas could be used to connect to the netwemkgving the need for users to connect
to a rooftop antenna.



WiMax allows data transport over multiple broadgfiencies maximizing its ability to
avoid interference with other wireless applicationdMax technology achieves high data
rates in part via OFDM which increases bandwidtt eata capacity by splitting broad
channels into multiple narrowband channels of déffie frequencies, so that they can then
carry different parts of a message simultaneoushe channels are spaced very close
together but avoid interference because neighbgucimannels are orthogonal to one
another and thus have no overlap. The line of sightre of the signal reduces multipath
distortion, which occurs when broadcast signals fotbbwing line of sight bounce off
large objects and end up out of synch, therebyndgliag the received transmission and
decreasing bandwidth [12].

The 802.16 MAC protocol allows for a variety of dees that may be continuous or
bursty. This can be achieved as the modulation amtihg schemes are specified in a
burst profile that may be adjusted adaptively facteburst to each subscriber station. The
MAC use bandwidth-efficient burst profiles undevdarable link conditions but shift to
more reliable, although less efficient, alternadives required to support the planned
99.999 percent link availability [11].

2.2.1 802.16a

The 802.16 working group was initially interestedthe frequency range of 10-66GHz
but in March 2000 the IEEE802.16a project was aygmtoto deal with the 2-11GHz
range. This project primarily deals with the deypehmnt of a new physical layer
specification, with supporting enhancements tokihsic MAC [11]. The physical layer
specifications include the option of using singlarier transmission with unique word
pilot extension, for the implementation of efficidilock equalizers at receiver [13].

The 2-11 GHz includes licensed and license-exem@guincies, with the most
commercial interest in the lower frequency ranggshese lower ranges, the signals can
penetrate barriers and thus do not require a lirgght between transceiver and antenna.
This enables more flexible WiMax implementationsileshmaintaining the technology’s
data rate and transmission range [12]. This wodldwafor WiMax deployment in
extremely built up or low lying areas where it mayt be possible to get a line-of-sight
connection. This type of signal could see a reducin the necessity for expensive roof
mounted antennas.

2.3 Ultra Wide Band

The growing number of media-intensive devices ia ttome such as PCs, digital
camcorders and cameras, high-definition TVs andilggusystems need a high-bandwidth
wireless solution for easy connectivity [14]. Theiséing wireless networking
technologies such as Wi-Fi and Bluetooth are néitroped for multiple high-bandwidth
usage models of the digital home. Although datasratan reach 54Mbps for Wi-Fi, for
example, the technology has limitations in a coreuetectronics environment, including



TABLE |
TECHNICAL DETAILS FOR MOST IMPORTANT WIRELESS STANDRDS

Standar

d Frequency Band (GHz) Data Rates (Mbps) Range (m) ds
802.11 2.4 -2.4835 [3] 1,2[3] 50 - 100 (RF)/IR)([3]  WLAN
802.11a  5.15-5.35,5.725-5.825[®, 9, 12, 18, 24, 36, 48, 54 [7] 50 - 100 [3] WLAN
802.11b 2.4-2.4835([7] 1,2,55,11[7] 50 - 18D WLAN
802.11g 2.4-2.4835 [5] 6,9, 12,18, 24, 36,518[7] 50 - 100 [3] WLAN
802.16 10- 66 [11] Max 75 [12] 30 Miles [12] WMAN
802.16a 2-11[11] Max 75 [12] 30 Miles [12] WMAN

UwB 3.1-10.6 [14] Max 450 [14] 10 [14] WPAN

power consumption and bandwidth. Wireless technolugeds to support multiple high
data rate streams, consume very little power, aathtain low cost, while sometimes
fitting into a very small physical package, suchPd3A or cell phone [14]. Ultra-Wide

Bandwidth (UWB) technology is currently investigétas one viable solution for high
capacity short-range indoor systems, because ofralgistness in dense multipath
environment, low cost and low power implementatiang the high bit rates achievable
[15].

UWB is defined as a radio technology that has atspe occupying a bandwidth
greater than 20% of the center frequency, or a Wwaltd of at least 500MHz. A
traditional UWB transmitter sends billions of pusacross a very wide spectrum of
frequencies several GHz in bandwidth. The corredponreceiver then translates the
pulses into data by listening for a familiar putegjuence sent by the transmitter [14]. The
latest UWB systems use OFDM modulation with a fesgry hopped pulse train in order
to achieve full multipath diversity in multipathdimg channels [15].

UWB'’s combination of broader spectrum and lower poimproves speed and reduces
interference with other wireless spectra [14]. UW#s achieved this by making use of
recently legalized frequency spectrum from 3.1Gb140.6GHz. Each radio channel can
have a bandwidth of more than 500MHz, but to alfowsuch a large signal bandwidth
the FCC put in place severe broadcast power réstric This ensures UWB devices do
not emit enough energy to be noticed by narrowedttevices nearby, such as 802.11a/g
radios. This sharing of spectrum allows deviceshtain very high data throughput whilst
in close proximity of each other. However thesécttpower limits mean the radios
themselves must be low power consumers. Becaudedbw power requirements, it is
feasible to develop cost-effective implementationsth these features: low power, low
cost, and very high data rates at limited range,BJg/positioned to address the market
for a high-speed WPAN [14].

2.4 Brief Comparison of Broadband Wireless Standards

Table | summarises the comparison between the bewat wireless technologies
considered in this paper.



3. Performance Comparison of Multimedia-based E-learmg over
Different Broadband Wireless Networks

3.1 Effect of Range and User Mobility on Multimedia-bagd E-learning Quality

This section investigates the effects that the fitglif a user has on the multimedia
transmission quality during streaming process. Wa® standards IEEE802.11a,
IEEE802.11b and IEEE802.11g are considered in &srthe underlying technology for
multimedia streaming and their performance-relatedults in terms of average
throughput, delay and loss are assessed and capare

3.1.1 Scenario Details
In order to model the effects of mobility during media streaming, the OPNET
modeller and simulator and its wireless extensienewsed [2]. The simulation topology
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includes a Base Station (BS) from where a serveasts multimedia content to a client
located at a mobile node that travels away fromBBeon a linear trajectory. Multimedia

data transmitted between the two units consistsasfable bitrate MPEG2-encoded
multimedia content, extensively used for high dyatnultimedia transmissions with

average rate of 2.76Mbps. The simulation involvestimedia streaming for 15 minutes.

At time 0 both the server and client are locateda gtosition (0.1, 0.2) in the two-

dimensional simulation space where these numbergilmetres. When the simulation

begins the client begins to move easterly alongthris before coming to rest at position
(1.6, 0.2) after the fifteen minutes. The cliergvils with constant velocity during the
simulation and so covers a distance of 1.5 kiloesetn 15 minutes. Consequently the
velocity was 6 km/h, similar to that of a walkingew. The server remains stationary
during the whole simulation. This scenario was atpe when each of the wireless
standards IEEE802.11a, IEEE802.11b and IEEE802:Bkgconsidered in turn.

Table Il
MOBILITY —COMPARISON OF PERFORMANCE -RELATED STATISTICS
IEEE Wireless Standards 802.11a 802.11b 802.11g
Video Traffic Sent (Mbps) 2.76 2.76 2.76
Video Traffic Received (Mbps) 2.52 2.71 2.45
Data Dropped (%) 8.33 181 11.23
Delay (msec) 5.04 21.43 6.35

3.1.2 Simulation Results

Due to the movement of the subscriber station afn@y the location of the server
the main factors that come into play in this scenare the range of the wireless solutions
used to support multimedia streaming and the varatof their performance
characteristics. As mentioned in section Il the EBBHE2.11 standards are expected to have
a range in the region of 100 m, higher for the 808. However these tests that involve a
single user and an ideal transmission environnfezg, from noise and interference, show
that the throughput falls off dramatically at atdicce of about 300 m from the server in
the case of the 802.11a and 802.11g standardsespeéatively at approximately 930 m
for the IEEE802.11b standard. Although the rangaiobd from the simulations is higher
than could be expected in a real life situationmdintains the proportion between the
different wireless solutions. Figures la and 1lb mara the three standards as the
throughput and loss rate are plotted against th@mte of the mobile multimedia client
from the BS.

Table Il presents a detailed performance staigfathered during the simulation that
highlights the differences between the three 80%itéless standards. These statistics are
averaged over the length of the simulation aftein#ial transitory period has elapsed and
before the transmission stops. The most importgmeet is that during the period when all
three wireless standards are still within transngttrange the average delay for the



IEEE802.11b is much higher than that of 802.11a&0®i11g. The loss rate that is 0%
when the mobile client is in the transmission raimggeases sharply when approaching
the range limit. However the average loss ratébpagh lower for the 802.11b (1.81%)

than for the other two solutions (8.33% and 11.28%pectively), still ensure good end-

user perceived quality if any error control strgtegemployed.

3.1.3 Discussion

Performance-related issues play an important rale choosing the correct
IEEE802.11 wireless type for particular requirersetit the emphasis of the network is
going to be on the ability to provide highly mobgabscriber stations with long range
transmissions then 802.11b will be the likely cleoielowever if high transmission rates
are equally as important as mobility then the 54Mbpnsmission rates of 802.11a and
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802.11g are required. In the case of these twalatas if the range of the mobile nodes is
likely to be tested to the very limits, then thermsuitable choice is 802.11a, with lower
delays. Otherwise 802.11g is the preferred option.

3.2 Effect of Increased Number of Subscribers on the Mitimedia-based E-
learning Quality

The number of mobile multimedia clients to whicB& transmits multimedia content
plays an important role in the quality of servit#ained by each of the users. This section
examines how the transmission quality is affectedh@ number of clients being served
simultaneously with high quality multimedia contefnbm a single BS is increased.
Wireless standards IEEE802.11a, IEEE802.11b andt8BE.11g are considered in turn
and their performance-related results in termsvefrage throughput, delay and loss are
compared.

3.2.1 Scenario Details

OPNET was used to model the topology and to detsigrscenarios that assess the
effects of an increased number of simultaneous imedtia streaming clients on the
quality of their received service. The simulati@pdlogy includes a BS from where a
server streams multimedia content to a number afifgless clients. These clients that
remain stationary throughout the simulation areated at a distance of 100 m from the
BS. Multimedia data transmitted between the BS aadh of the clients consists of
variable bitrate MPEG2-encoded multimedia conteitih @verage rate of 2.76Mbps. The
simulation involves multimedia streaming for 15 oties. The server is also stationary.
Simulations were performed in turn with N=2, 4, 8dal6 clients. This scenario was
repeated when each of the wireless standards IEEE88, 802.11b and 802.119g
respectively was considered.
3.2.2 Simulation Results

Figures 2 and 3 show the total throughput and \Wissn IEEE802.11b and 802.11a
technologies were used in order to stream multimedintent to increasing number of
wireless users. The results for IEEE802.11g ardlaino those obtained for 802.11g. By
examining Figures 2b and 3b, it can be seen thatata is dropped for two users
streaming on average 2.76Mbps each, regardleseaftandard used. However when the
number of users is increased to 4, data is losttfer802.11b standard only. As the
number of users is further increased to eight|litheee situations data is lost: when using
802.11a at a rate of 6.02%, 802.119g - at a ra®G8% and 802.11b - at a rate of 72%.
The end-user perceived quality of the multimediagobservices is good for the first two
situations but unacceptable in the third case. Wthen number of users is further
increased to sixteen, a significant increase inatheunt of data dropped for all standards
is recorded. This indicates that the maximum nundfeusers that can be served with
good quality multimedia services via such a broadbaireless network was exceeded.
Table Il presents in detail performance-relatedistics.

Looking at Figures 3a and 3b, it can be seen tieatdtal throughput of multimedia
traffic transferred over the 802.11a network gromith the increase in the number of



users. However the increase seems to reach adingitound 26Mbps as the associated
loss rate increases to 30%, affecting the qualftyhe multimedia streaming process.
Similar results were obtained when the IEEE802.1das used as the underlying

technology. Unlike this, in the case of the 802,1the throughput of multimedia data

peaks at 5.53Mbps when the number of users istardyand then continues to fall rapidly

as the number of users and therefore simultanetresansing sessions is increased,
reaching a low of around 0.14Mbps for the simulatiavolving sixteen users. The

combined effect of a number of factors such asemitn and collisions affects the

throughput and ultimately the end-user quality xfpexience with the multimedia-based

services.

3.2.3 Discussion

The performance-related results obtained indichtd, tas expected, the 802.11b
standard gives the worst performance in the IEEE80Zamily in terms of total
throughput when streaming multimedia in a netwodntaining a high number of
subscriber stations. It consequently supportsdivest number of simultaneous streaming
sessions. Of the other two studied technologies18@2performs slightly better in these
conditions, showing superior throughput results lamer loss rates. Also, in comparison
with the advertised theoretical bitrates of 11Miimsthe IEEE 802.11b and 54Mbps for
the 802.11a and 802.11g, these simulations shotwvotilg half that can be achieved in
practice, due to various factors related to wirekeshnologies.

TABLE Il

NUMBER OF USERS— COMPARISON OF PERFORMANCERELATED STATISTICS
Standards| 802.11a 802.11b 802.11g
Users 2 4 8 16 2 4 8 16 2 4 8 16
Through. | 5,53 11.06 18.41 25.6f 553 4.62 1.12 114 553 0611.17.93 25.34
Mbps)
(Los’,)s‘ 0 0 6.02  29.46 0 40.12 72.02 87.64 0 0 9.63 30.12
Rate (%)

4. Conclusions and Further Work

This paper compares the performance of a numberbrofidband wireless
technologies from both theoretical and practicahysoof view when used for streaming
high quality multimedia content. Mobility, range darthe number of simultaneous
streaming sessions supported are considered. Téeretical comparison included
standards from the IEEE802.11 family, IEEE802.16ifa and the emerging UWB. With
the aid of a wireless network simulator, IEEE802,1IEEE802.11b and IEEE802.11g
were contrasted. As expected 802.11a and 802.1figosua higher number of high
bitrate simultaneous multimedia sessions than 8@ .tkut the latter covers a wider area.



In terms of total throughput, simulation tests shdwthat regardless of the wireless
technology used, only half the theoretical advedibitrate could be achieved in practice
due to wireless-related factors such as collusammscontentions.

Work in progress looks at assessing individual eser perceived quality for each of
the simultaneous viewers of multimedia content astred using these wireless
technologies. Future work aims at testing the eéff#cusing 802.16 and UWB when
serving multimedia content to an increased numbeasers. Their mobility characteristics
and range will be also studied.
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