CHAPTER |



CHAPTER |

INTRODUCTION TO MOBILE WIRELESS

COMMUNICATION TECHNOLOGIES AND QoS

1

Page No.
I ntroduction to Mobile Wireless Communication 1-15
Technologies and QoS
1.1. Introduction 1
1.2. Mobile Wireless Communication Technologies 3
1.3. Recent advances in Mobile Wireless Commuioicat 4
1.3.1. Worldwide interoperability for Microwavecgess (WiMAX)
1.3.2. Long Term Evolution-Advanced (LTE - A)
1.3.3. Satellite
1.3.4. High Altitude Platforms
1.4. Comparison of Mobile Wireless Communicati@tinologies 6
1.5. Quality of Service (QoS) 7
1.5.1. QoS in WIMAX
1.5.2.  QoSinLTE-A
1.5.3. QoS in Satellite
1.5.4. QoS in HAP
1.5.5. Qo0S: The Techniques & Processes
1.6. The Possibility of Coexistence 11
1.6.1. Coexistence of Mobile Wireless Techniques
1.6.2 Coexistence of Terrestrial and SatelliteedBBComm. Systems
1.6.3 Coexistence of HAP and Terrestrial WiMAXsBd Networks
1.7. Performance of Integrated Terrestrial/ HAR Satellite Systems15



CHAPTER |

INTRODUCTION TO MOBILE WIRELESS
COMMUNICATION TECHNOLOGIES AND QoS

Mobile wireless communication technologies are usegrovide network
connectivity to users who may be living in an urbsub-urban or even sparsely
populated area which cannot be reached, practigally using any other
communication technology. Hybrid networks emplojtiple platforms of mobile
wireless communication technology and realize tiseon “anywhere, any time
and for anyone” in its true sense. Mobile wirelegssnmunication technologies
consist of various standards, architectures, cheegstics etc. All these different
technologies naturally may share some common chkeniatics, but there are
also many important differences. However, diffetenhnologies may not coexist
and interoperate easily because they may be suppodifferent Quality of
Service (QoS). Mobile wireless communication tetdgy have been changing
rapidly due to the immense demand for better Qb8s tstandards are also
continuously evolving due to the requirements afdwadth, spectrum flexibility,
efficiency and performance. Thus, providing guagadt QoS to various
applications (and users) has become an importajegadive in designing the next-
generation of mobile wireless communication networldsers with different
applications may therefore need very diverse Qo$erms of bandwidth, delay,
jitter, latency, packet loss, and so on.

This chapter therefore introduces the subject of bileo wireless
communication technology. It also reviews the stditthe-art of QoS, it's
techniques and parameters as used in different Imolsiommunication

technologies.




1.1. Introduction

The dream of every communication expert is to dgved mobile wireless
communication technique which will have the advgaeta of a wide area
coverage, low propagation delay and little multipatading. Due to the
tremendous growth in the demand of efficient comication services, wireless
infrastructure providers are under a continuoussure to exploit the limited
radio spectrum as efficiently as possible.

Currently, there are two well-established methods providing mobile
wireless communication services viz. terrestriall esatellite systems. These
systems are currently used worldwide for delivedngimunication services from
low speed to a very high speed date rate. Howeaarh system indeed, has
specific advantages and disadvantages.

The initiatives to advance various mobile wirele€®mmunication
technologies started because of the customerfgyradgmands for better quality of
services. Initially, the First Generation (1 G) nieb came into picture. With
increasing requirements for customer's QoS, thdéugwa of future generation
like Second Generation (2 G), Third Generation §3a@Gd Fourth Generation (4
G) took place till the Fifth Generation (5 G) iretpresent scenario. Figure 1.1

shows the future trend of mobile wireless commurocatechnologies.
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Figure 1.1 Generation of Mobile Communication Traghes [1]

Future generations such as 4 G and 5 G have berenwesl widely [1-3]. The
candidates for future systems are: 4 G - celluBagadband Wireless Access
(BWA) and High Altitude Platform (HAP). These tedbogies have to satisfy the
growing demands of high data rate, high mobilityg aeamless coverage. As well
as, the system performance e.g. cell size and nige®n data rate, greatly
depends on frequency bands.

Recently, mobile communication services are in ldgmand and used widely.
Therefore, advanced wireless techniques and ubiggiihfrastructure is required
to meet the demand and harness the significanto rapectrum. Various
limitations with current wireless mobile communioat technologies has
therefore attracted the researcher's interesntbdinew technology which could
meet the telecommunication requirements and coexigth current

communication technologies.
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Consequently, HAPs have been identified as the idated technology to
provide wireless communications in the future.dstalso been considered as an
infrastructure of the third layer of telecommuniocas after satellite and terrestrial
services [4-6]. An innovative way of overcoming thleortcomings of both the
terrestrial and satellite systems is to providduta communication via HAP,
which is being considered as 5 G. HAP is definedraairship or a platform with
a massive potential [6, 7]. In this evolution prezef wireless telecommunication
technology, from 1 G to 5 G, Quality of Service §)ohas received much
attention, considering the requirements of varicussumer applications.

This chapter therefore provides an introduction maobile wireless
communication technologies followed by a reviewprdvious research studies on
hybrid Networks (satellite and terrestrial wireletschnologies, particularly
Worldwide interoperability for Microwave Access (MAX), Digital Video
Broadcasting Return Channel through Sate(id¥/B-RCS), Long Term Evolution
— Advance (LTE-A) and HAP to connect these techgie® with the kind of QoS

which they support.

1.2. Mobile Wireless Communication Technologies

Mobile wireless communication technologies provatsnectivity to various
users living either in urban area or sub urban araa the rarely populated rural
area. Mobile communications systems have revolisesh the way people
communicate, getting connected together, on the fly

The 1G has fulfilled the basic mobile voice, whilee 2G has introduced
capacity and coverage. This is followed by the @@ich has quest for data at

higher speeds and to open the gates for truly “hedmioadband” experience,
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which will be further realized by the 4G [8]. 4Gopides access to wide range of
telecommunication services, including advanced tedd®rvices, as supported by
mobile and fixed networks.

Some important mobile communication techniques &labal System for
Mobile Communications (80% Users*) (GSM) [9], GemddPacket Radio Service

(over 80% Users*) (GPRS) [10], WIMAX (83% UsersEEE 802.16 [11].

1.3. Recent advancesin Mobile Wireless Communication
Mobile Wireless communication technologies are deiteveloped with

different standards and protocols.

1.3.1. Worldwide inter oper ability for Microwave Access (WiMAX)

WIMAX is based on the IEEE 802.16e standard aretaips in the spectrum
bands of 2.3 GHz, 2.5 GHz, 3.3 GHz, and 3.4-3.8 GHe coverage area of
WIMAX spans 30 - 50 km and provides high speed attdates more than 100
Mbps in 20 MHz bandwidth [12]. WIMAX can inter worwith satellite and
terrestrial wireless existing as well as emergieghhologies. WIMAX is an
effective metropolitan area access technique wehyrencouraging features such
as cost efficiency, fast, and flexibility [13], vdfi provides wireless access as well

as serves as a wireless expanding for wired netacckss.

*World
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1.3.2. Long Term Evolution-Advanced (LTE - A)

LTE - A is new technology that allows users witbtion of various access
[14]. LTE - A started working as the demand for melbroadband services with
higher data rates and QoS are increasing. LTE-ivtended to define both the
Radio Access Network (RAN) and the network cor¢hefsystem. Akyildiz et al.
(2010) have provided an in depth view on the tetdgies being considered for

LTE-A [14].

The main technologies for LTE-A are explained, tbge with possible
improvements and some approaches that have beamdered to tackle those
challenges [15]. They have also discussed carggregation structure LTE - A
with reference to LTE release 10 to scale the sydiandwidth beyond 20 MHz

up to 100 MHz [15].

1.3.3. satellite

Satellite systems will always have the key roleptay, may it be for any
ordinary or during emergency situations. An in tlepview, modulation, QoS,
synchronization methods and security issues haea lbeported in [16]. Very
Small Aperture Terminal (VSAT) offers satellite-kdsservices which supports
data, voice and teleconference communications, ndigide private and public
network communications across geographically distdad locations [17, 18]. A
VSAT setup consists of three components namely enasdrth station, remote
earth station, and geostationary satellite. VSAGht®logy is a proven solution
for those who are interested in independent comaations connecting areas.

Other satellite technologies can also be used stghiition networks such as

Digital Video Broadcasting (DVB) of SatelltgDVB - S) which allows
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unidirectional links whileDVB - Return Channel through Satelli{f®BS -RCS)
supports bi-directional links. Song et al. (2006ggented the design of a Mobile
Broadband Interactive Satellite Access TechnolddgRISAT), based on DVB-
S/ DVB-RCS standard. MoBISAT system is describedaasolution of mobile
broadband interactive satellite multimedia serviddhe DVB-RCS operates
mainly Ku bands with transmit frequency band 141%5 GHz and receive

frequency band 10.7 to 12.2 GHz [19].

1.3.4. High Altitude Platforms

In a ground breaking article [6], in September 19yain called the attention
of the international community to the then ‘emetyetechnology and its
potentials for serving the ever-growing need ofedemmunication service
subscribers. In the succeeding year, ITU publishedport titled “High Altitude
Platform stations: An Opportunity to Close the hmfation Gap” to outline the
HAP technology [20]. Ever since then, several sisdnave been carried out.
Three years later, Thornton et al., have shownajp@ications and features of
HAP, along with some specific development prograsad].

In recent years, the HAP infrastructure for mohilgeless communication
technology has gained the attention of wirelesddvd#APs are quasi-stationary
aerial platforms located at a height of 17-22 krovabthe earth’s surface and
operate in the stratospheric region of the atmagpfl-25]. HAPs exploit the
best features of both terrestrial and satellite moimcation systems in many
ways, i.e. large area coverage and low propagadelays, and hence strong

signals as compared to satellites. They also dfietter broadcast/multicast
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capability, low upgrading cost, incremental depleym less ground-based

infrastructure, and short landing and takeoff tifesnaintenance purposes [26].

1.4. Comparison of Mobile Wireless Communication Technologies

In this section, comparison of various wirelesshtedogies has been done.

Table 1.1 gives a general overview of the Hybridbite wireless technologies,

standards, modulation techniques, data rate, baitl\and frequency [27].

Table 1.1 Comperson of Advence Mobile Wirelesshietogies [27]

Technology [1G 2G 3G 4G 5G
Deploymen (19701984 1980/ 1999  [1990/ 200z 2000/ 2010 2010/ 2015
t
Bandwidth |2 kbps 14.4-64 kbps |2 Mbps 200 Mbps-1 Gbpg Higher thanl
Gbps
Standards |AMPS 2G: TDMA, WCDMA, Single Single
CDMA, GSM [CDMA-2000 | unified unified
2.5G: GPRS, standard standard
EDGE,1xRTT
Technology |Analog Digital cellular Broad Unified IP and| 4G +
cellulai technology bandwidth seamless WWWW
technology CDMA, IP combination  of
technology broadband
,LAN/WAN and
WLAN
Service Mobile 2G: Digital Integratec Dynamic 4 G with Al
telephony |voice, short high quality information capabilities
(voice) messaging audio, videc | access,
2.5G: Higher |and dat¢ wearable
capacity devices
packetized
Multiplexin [FDMA TDMA,CDMA [CDMA CDMA CDMA
g
Switching  (Circuit 2G: Circuit Packet excef | All packet 4G
2.5G: Circuit  [circuit for air
for access interface
network
Core PSTN PSTN Packet Internet Internet
Networ k network
Hand-off Horizontal |Horizontal Horizontal Horizontal and 4 G
Vertical
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1.5. Quality of Service (QoS)

QoS refers to the ability of mobile wireless commgation networks to provide
superior guaranteed services on selected netwaffctuusing various technologies
and to prioritize different applications to the cuitted level of performance. The
future requirements from wireless networks is tovjte pervasive coverage across
diverse technologies offering a wide range of smwiwith variable bandwidth and
QoS, anytime, anywhere for anyone [3]. The goalQofS is to provide requisite
bandwidth, control delay and priority to trafficogugred by real time and interactive
applications (the user). The integration of satekind terrestrial wireless networks is
normally evaluated on the basis of Qo0S, availabiéihd cost. QoS in a mobile
wireless networks is very complicated and diffidoltpredict [28]. QoS requirements
for multimedia applications such as audio and videmference are: specified
bandwidth, delay and jitter guarantee [29].

The QoS to subscribers and the concept of netwaslity manager tool to
monitor quality of experience, QoS and key qualitgicator for users are
discussed in [30]. This study ensures that QoSbeaset for each subscriber user
group. However, this study does not consider trat moplications for different
level of Qo0S.The end-to-end QoS functionalities are QoS contrekource
management and bandwidth on demand [31].

Miloucheva et al. (2007) studied various approaabe QoS advances for mobile
applications and proposed advance resource altocadirchitecture to provide
seamless handover for QoS aware applications [3@]the other hand, in satellite
communication, the packet loss is due to seveesa®s, including jitter and noise in
the satellite channel itself [33]. Typical laterfoy Geostationary Earth Orbit (GEO)

one way is 275 ms from earth station to earthtati
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1.5.1. QoSin WIMAX

The QoS in Wi-Fi relates to bandwidth [34] with nraym rates specified in
IEEE Wi-Fi 802.11 standards. Distributed CoordioatFunction (DCF) mode in
the IEEE 802.11 standard delivers Best Effort (BBjvice [35] and there is no
guarantee for service in terms of delay and banitiwid

Ni et al. (2007) studied the comparison of delayp€gformance characteristics
of two bandwidth request mechanisms as per thelB80&andard i.e. random
access and polling [36]. The five QoS categories iacluded such as UGS
(Unsolicited Grant Service), rtPS (real time Pgli®ervice), nrtPS (non real-time
Polling Service, Extended rtPS and BE [11]. TheSrthd BE are common
services. The rtPS supports real time service flovisde for BE there is no

priority for this service and it is available orgugred basis.

1.5.2. QoSinLTE-A

LTE has been designed with further improved mudtiglata services with
enhanced QoS. In this process, LTE packet scheppleys an essential role as
part of LTE's Radio Resource Management (RRM) teaane QoS requirements
of mobile services. There are specialized modelsdhe used to sustain the QoS
against dynamically changing user load [37]. Thiglg has used algorithms for
scheduling and prioritizes traffic based on theumegnents of users. In majority
situations user priority will be classified based the QoS as indicated by his

priority settings [37].
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1.5.3. QoSin Satellite

In the current telecommunication scenario, appbcat are continuously
growing and as a consequence the total amounafictthat must be managed is
dramatically increased. For this reason QoS isumge become extremely
important. In fact, QoS - oriented solutions foteféie broadcasting systems is
discussed in [38].

Vargas et al. (2010) discussed with more detail @nalysis of different
methods for constructing a satellite broadcastiygjesn with different levels of
QoS in the framework of the DVB-SH standards [38}e proposed solutions
have also been extended by [39, 40] in the adapalleadmission and bandwidth
control in DVB - RCS systems. Pasgiuale Pace €2@0D4) designed and tested a
DVB-RCS architecture using a multi-spot beam geawmstary satellite [41]. In
this study they have reported that by using then@otion Admission Control
algorithm it is possible to obtain a given sourealpdata rate increase (up to the
50%) over the return link without the necessityagfain performing the CAC

procedure. This also guarantees QoS for differgred of supported services.

1.5.4. QoSin HAP

In the early days of mobile wireless communicatjotie systems suffered
from poor coverage and poor performance in termbladking probability and
dropping probabilityDifferences in QoS properties between satellite @nekstrial
wireless networks and applications have a conditieraffect on the performance
quality.

Satellite communications enforce particular comstsa as compared to

terrestrial systems in terms of bandwidth, delgijters, latency and so on. Here,
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the CAC is required to manage the bandwidth redui@ satisfy the QoS
requirements for different applications. Also, & &b investigations on diverse
parameter of QoS in conventional terrestrial antbli® systems have been
already reported in previous sections of this wupe However, to our best
knowledge, QoS for HAP are not much investigatether&fore, the QoS
requirement and respective techniques to enhan&f@dAP are such as hand-

off, channel reservation, CAC etc. have been ingatd in this thesis.

1.5.5. QoS: The Techniques & Processes

In order to provide guaranteed QoS, the networkitecture for mobile
wireless communication networks should generallystgi of certain components
such as: traffic specification, call admission cohtresource reservation, packet
scheduling etc.

The end user uses a traffic specification procetiuspecify the source traffic
characteristics and desired QoS. Then, the bas®rstamploys QoS to find
path(s) between source and destination(s) and chéxekher destination has
sufficient resources to support the requested QoS.

In each BS there are Radio Network Control (RNCjcWitharacterizes the
wireless channel as the statistical measure of dgiery e.g. available channels,
data rate, delay, user characteristics and regemésn This information is then
used by CAC. CAC is used to decide whether a cdimrecequest should be
accepted or rejected, based on the requested @ab.cdnnection request is
accepted, resource reservation at each network abtdes resources such as
wireless channels, bandwidth, and buffers thatrageired to satisfy the QoS

guarantees.
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The next-generation of mobile wireless networkaiimsed at supporting diverse
QoS requirements and traffic characteristics. Tinecass in the deployment of
such networks will critically depend upon how eftfiatly the wireless networks
can support traffic flows with QoS guarantee [4Rh achieve this goal, QoS
provisioning mechanisms (e.g. CAC, resource resiervand traffic specification
etc.) need to be efficient and practical. For tt@ason, this work has focused
primarily on designing efficient and practical CA@source reservation and

traffic specification.

1.6. The Possibility of Coexistence

One of the key objectives of future mobile commatian systems is the
seamless integration and delivery of advanced mallia services through
heterogeneous networks e.g. Fixed Wireless Acc&¥Aj, GSM, UMTS,
WIMAX, LTE, Wi-Fi, HAP, Satellite based communicati systems etc.
Coexistence means that more than one system isidprgvcommunication
services in the same coverage area and by opeiatihg same frequency band
[43]. Tseng et al.(2013) have investigated coemtsteof multiple radio access
technologies to improve spectral efficiency. Thigly presented a game-theoretic
network selection scheme in a cognitive heterogesewtworking environment
with time-varying channel availability [44]. Coetesce of such systems
especially HAP with terrestrial systems can be ipbssafter mitigating mutual

interferences by using different methods [45-48].
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1.6.1. Coexistence of Mobile Wireless Techniques

Increasing demand for more capacity in the nexegeions of mobile wireless
techniques and applications, the radio environngesplit into a number of small
cells supported by a large number of transmisstatios and mobile devices
may be transmitting at a shared frequency banbdersame geographic area. This
has been realized in the applications of Wi-Fi, ébwth and WIMAX i.e. by

using heterogeneous devices in shared frequendshdAf, 50].

1.6.2. Coexistence of Terrestrial and Satellite Based Comm. Systems

Many communication applications are very similaothbin terrestrial and
satellite networks and can benefit from the advaresg of mobile wireless
techniques. Salhani et al. (2009) focused on d¢laservice mapping using CAC
procedures in WIMAX, in coexistence with DVB-RCSskd cooperative system
for sharing both the satellite and terrestrial cammoation networks [51]. Also,
Centonza et al. (2006) proposed a hybrid netwollktisn for the coexistence of
WIMAX and DVB-RCS [52]. The proposed architectura@oys DVB-RCS as a
backhaul for content delivery in WiMAX domains.

Evans et al. (2005) discussed an integration adllgat communication with
terrestrial networks and proposes that there iged rfor integration of satellite
systems with terrestrial systems as satellite systeannot exist in isolation
except in niche areas [3]. Also, Chitra et al. @P6@iscussed the integration of
satellite and terrestrial networks for communicatior remote coverage and

access in rural areas with bandwidth on demandrfeds3].
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1.6.3. Coexistence of HAP and Terrestrial WiMAX Based Networks

HAP can effectively coexist in a heterogeneousaadivironment. Therefore,
it is a competitive solution both in urban and st region, in terms of capacity
and coverage. These features make HAP a viable eiorpand a complement to
conventional terrestrial infrastructures as welltassatellite systems [54, 55].
Alsambhi et al. (2014) discussed the performancaetifering broadband services
from HAP to users and other systems users [56].iffbestigation objectives are
concerned with delivering WIMAX via HAP in the samed shared frequency
band. Holis et al. (2008 ) and Yang et al. (200%\ven investigated the
performance of terrestrial and HAP based serviceds have founded the
possibility of coexistence by calculating CNR aniNR [57, 58]. The capability
of HAP for serving larger coverage areas using icdemably less ground
infrastructure than conventional terrestrial sysehas also been investigated
[59]. Here, different coexistence and deploymemhmeques for reducing the
interference from HAP to terrestrial systems andrfgroving the cellular system
performance has been investigated [60, 61]. Théesyscenario consists of a
single HAP and WiMAX located inside the HAP covexagea as in Figure 1.2.

The main purpose of this coexistence scenario iswestigate the impact on
either of the existing HAP or WIMAX system, typibaWwhen another system is
using the same frequency band.

Spectrum etiquettes are used for such combinatindsenable the coexistence
of HAP and WIMAX system in same coverage area [#&Jnce, coexistence of
HAP and WIMAX requires a minimum separation disenehich must be

achieved in terms of both co-channel and adjadesntieel frequencies.
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The important feature of HAP is that it is compkilwith other existing
services which led to conduct several researchets @oexistence while sharing
the same frequency band and by mitigating inteniezebetween HAP and other

terrestrial systems [55, 56, 62, 63].

A Antenna Gain =3dB.
Transmitted Power =10dB.
Roll of Rarw=3.3

17Km
Terrestrial station
Antenna gaim=7dB.

F=5.75 GHz.
Bandwidth=20MHz
N=-130.8dB.

User antenna sidelobe=-30dB.

A

WIMAX coverage area

Figure 1.2 Coexisting HAP and Terrestrial BS Sciena

1.7. Performance of Integrated Terrestrial-HAP and Satellite Systems
Generally conceptual framework of heterogeneous eless systems
incorporating HAP for the next generation commuticais shown in Figure 1.3.
The environment is built to imitate an HAP systentoexist in a heterogeneous
radio environment, which includes the well-estdi®i$ terrestrial and satellite
systems. These systems have illustrated the growamand for broadband

mobile communications due to their rapid developimen
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As positioned intermediately between the sateldited terrestrial systems,
HAPs can be integrated into a terrestrial - sa¢elflommunication scenario and
possibly communicate with satellites or remote gbBSs as an alternative back
haul. Communications between different HAPs in twerlapping or adjacent
coverage areas could happen commonly referred to indsr-platform

communications.

Q& 300-1500 km LEO
|

7/ Emergency
ommunications/ —

Vehicular
Communications

Figure 1.3 Heterogeneous Wireless Systems IncatipgrHAP [64]
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