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CHAPTER Il

QoS ENHANCEMENT BY USING INTELLIGENT HAND-
OFF TECHNIQUE

Efficient hand-off algorithm enhances the capacity and QoS of cellular
systems. Hand-off algorithm is used in wireless cellular systems to decide when
and which BS should receive the handoff call, without any service interruption. In
this chapter, HAP has been considered as a complementary BS to terrestrial
mobile system, giving coverage in shadow zones. HAPs can provide back-up
services to uncovered areas of terrestrial systems, thus with the goodness of HAP,
total capacity (QoS, inturn) in a service-limited area will be improved.

This chapter begins with the introduction of the concept of cellular
deployment, hand-off and HAP movements. Subsequently, the basic theory behind
specification parameters for QoS enhancement (i.e. time advance technique,
MUS C algorithm, RSS, distance and traffic intensity) has been given.

Further, recently Artificial Neural Network (ANN) has been utilized for
efficient decision making in various hand-off algorithms due to its ability to learn
from dynamically changing CAC and mobile user data. Also, once ANN has been
trained well, they are able to take prompt decisionsi.e. almost in real-time.

In this chapter Radial Based Function network (RBFN) has been used for
making efficient hand-off decisions based on eight parameters viz. RSS from
(original cell, neighbor cell, HAP), distance (original cell, neighbor cell), traffic
intensity (original cell, neighbor cell) and directivity.

It is shown that the proposed algorithm decreases the number of unnecessary

hand-off and ther efore hand-off rate is improved




3.1.Introduction

Cellular communications provide communication fiagil to Mobile
subscribers (Ms). A service area is divided intauanber of cells [128]. Multiple
cells constitute a cluster. The available frequespsctrum is used in each cluster.
Each cell in a cluster uses a fraction of the ald& channels in the spectrum
allocated according to a channel assignment siyrad@g is served by BS. In
wireless environment, one of the key ingredientpriovide efficient ubiquitous
communication with guaranteed QoS is the designintélligent hand-off
algorithms.

Hand-off is a common technique employed by allutail systems (both in
terrestrial and satellite) for ensuring uninteregptconnectivity with increased
system capacity, typically when the user moves fraore cell to another cell or
faces a shadow zone in one cellular technologysypported under other cellular
system, operational in coexistence [129, 130].

A properly designed hand-off algorithm is esserntialeducing the switching
load of the system while maintaining the desiredSQ@dj the call in progress,
seeking hand-off. The hand-off process determitnes dptimal threshold for
sustained QoS for respective user in each cell][131

The Hand-off algorithm can also exploit the unigeti@racteristics of HAP
which is coexisting with terrestrial cellular systeas a back-up system. The
integrated system of HAP with the terrestrial dalfuisystem is shown in Figure
3.1.

In this Figure 3.1, the terrestrial base statiamsshown as 1, 2, 3, 4 etc. when
user in cell 2 moving to cell 7 but there is no &yrghannel in cell 7, handoff will

perform to HAP. On the other hand, when user ihZehoves to out of terrestrial
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coverage, hand-off will be performed to HAP. Furthere, user in cell 7 got
weak signals from cell 7 and user still inside tedl in shadow zone; hand-off

will perform to HAP.

Figure 3.1 Concept of HAP based Cell Architecture

For making hand-off decision, the decision can kmdenbased on various
parameters. Taking more parameters in to considarathat will make the
decision more effective. The most manufacturerseh@esigned their hand-off
algorithms based on signal strength [132]. In tese, BER and the timing
advance can act as alarm condition indicators ratiien hand-off algorithm
inputs. In particular, proper selection of the $afhd-off region and its associated
parameters can avoid the ping-pong effect commdrard hand-off [133]. A list
of parameters used as hand-off criteria in GSMiverghere [134]. In addition,
while performing vertical hand-offs, these algamthdo not take into account the
QoS of an ongoing session to maximize the end-usatisfaction based on their

preferences, location and/or application conteikttors like available network
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bandwidth, latency, security, usage cost, powersgoption, battery status of
MS, and user preferences should be thoroughly deresii while performing these
hand-off decisions[135].

Recently, ANN has been applied to many diverselprob. Neural network is
trained to predict a user’'s probability for a haftl{136]. ANN helps in taking
the hand-off decision based on RSS, availabiliteldnnels, direction, distance
and etc. These parameters are used in various natiais to create the training
and testing dataset. For each sample input ofréiv@irig dataset, a target hand-off
decision has also been predicted. Similarly, tlstirg dataset is also generated.
The ANN is trained with this training dataset. Segx of this training is tested by
using the testing dataset. After satisfactory trgjnand testing, the ‘hand-off
ANN'’ is capable of taking efficient hand-off dea@si thereby reducing
unnecessary hand-off and improve hand-off rate.

Therefore, we have proposed an algorithm for effithand-off between HAP
and terrestrial mobile communication systems bywgisANN. Further, in this
contribution, HAP has been considered as a compitange layer for terrestrial
mobile communication system. For superior decisioaking, the hand-off
procedure has been augmented by using ANN anddzmrsj additional control
parameters. It is shown that the proposed techniqmesignificantly reduce the

hand-off rate during hand-offs.

3.2.Cellular Concept

A general wireless communication network is prodideith a bandwidth
which is also known as the spread spectrum. Thestapm is limited and has to

cover all the users present in the specific netw@dwverage area is divided into
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cells also represented as hexagons cells. Eacleargdists of a BS which serves
for all the users present inside that cell, as shimwFigure3.2. The bandwidth in
wireless communication is divided into sub specsyithe channels, cantered at

different frequencies).

Figure 3.2 Concept of Cellular Wireless Network

3.3.HAP based Cellular Network Deployment

The HAP is expected to carry a set of antennas athdr equipment as
payload. This set of antennas cover a hexagonal @rer the earth, by creating
multiple cells. Figure 3.3 shows the hexagonabpsHhacells as created by HAP
using multi-beams.

In Figure 3.3, each cell is identified by a pafr cmordinates §.,N.]. N,
specifies the number of concentric hexagonal rindgier in which the cell is
located, andN. is the number of the cell within that tier, anddécreases
clockwise. All tiers are disposed concentricallguard the central cell as in Figure
3.3 depicts. At this step, the cell dispositiors lh@fined and hexagonal coverage
of HAP is expected to provide with a set of antenas payload.

One tier and two tier situations are shown in FégBI3. In case of one tier, the
separation distance between cell8 ism. On the other hand, two tiers are used,

the separation distance #8Km. So that, if the mount of tier increases, the
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separation distance between the cells decreasasur8ber of cells at any tier is
given by:

N_eip = 6XN, Equation 8.1)

o 3

(STe)

Figure 3.3 Cell Disposition and Parameters [1G3] 1

In case ofN, = 1, the total number of cells is six and one refeeeoell as
given below.

Neenp = 6X1 +refernce cell = 7 cells Equation 8.2)

In case ofN, = 2, the total number of cells in the first tier aralle at second

tier as given below.

Neenp = 6X2 4+ number of cell in first tier = 19 cells Equation 8.3)
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In case ofN, = 3, the total number of cells in the second tier aells at the
third tier as given below.

Neenp = 6X3 + number of cell in first tier Equation 8.4)

In case of one tier, the average number of sergedsuor the configuration
with is considered 661 [137]. Consequently, theviserperformance probability
would be 661/ number of users. In case of two tidwes average number of served
users for the configuration with is considered 17Z87]. Consequently, the
service performance probability would be 1774/ nandf users.

Next step is to define the azimuth and elevatioglesfrom the HAP to the
center of cell for these antennas. Fig8ré shows all parameters are required for
any cell, whose coordinates aré.[N.], the HAP height and D is the separation
between cells [108]. The expressions of the elewdt) and the azimuth angl#,

can be drived from:
6, = arctan (%) Equation 8.5)

(c'— 1)Dsin(§) Equation 8.6)

G

Do = arcsin( > + (Ng — 1)%

Whereh is the HAP height and ground distance G is thtadee from the cell

centre to the subplatform point, which can be atifrom:

G = \/(Nr.d)Z + ((c' = 1).d)? — 2N,.d2.(c' — 1).cos (g) Equation 8.7)

In this expressior’ is used to identify the cell’'s location with respéo the
first cell along the side:
¢ =N.—(Ng—1).N, Equation 8.8)
Where Nis an integer between one and six identifying tide sof the

hexagon:
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N.—1 Equation 8.9)
N ]
A

Ny =1+ floor|

With all these parameters it is possible to define antenna azimuth and
elevation angles for all cells that comprise thedg®nal structure [108].

As stated in the geometry represented in Fidude theXY plane represents
the earth surface and tHe- axis symbolizes the platform height h, the distance
between the Sub-Platform Point (SPP) and the centitre cell is represented by
g but that from the outer circle to the hexagomdl is given byr. 6, represents
the elevation angle and,,, is the azimuth angle of beam. The anglg, and

@..pCcan be calculated by the following:

+r —r .

B, = arctan (g - ) _ arctan (g . ) Equation(3.10)
r .

Peup = 2arctan ——— Equation(3.11)

JE

[Z]0) - Dsub -

Figure 3.4 Cell Geometry [108, 137]

The hexagonal cell of HAP coverage is depictediguie 3.4. Theradius of

hexagonal area on Earth1® Km [138]. The coverage of the cell is environment
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dependent. The environments may be UAC, SAC and.RA&Qr main reasons
for the reduction in the cell coverage are: reftett diffraction, scattering and
multipath [139].

When there are a large number of tiers, the distdoretween tier decreases,
and the number of the cell increases. Therefore,diicrease in the distance
between cells directly affects the overall netwperformance. The separation
distance between cells is given by:

_ 8Km Equation (3.12)
Number of tiers

HAP can deploy a multi-beam antenna capable ofeptimjg memories spot
beams with its potential coverage area. TherefQaS depends on the coverage
area whilst coverage area depends on the shapellef Cell shape depends on
antenna radiation pattern which used to deterntieeshape of cell. Therefore,
different cells have different antenna radiatiottgras. Thus, the performance of
service probability analysis based on the distabegveen cells and antenna

radiation patterns [137].

3.4.The Concept of Hand-off

Traditional single-metric hand-off decision alghrts, such as RSS, are not
efficient and intelligent enough to minimize thenmher of unnecessary hand-offs,
decision delays. Efficient hand-off algorithms ceffectively preserve and
enhance the capacity and QoS of communication regse40].

Hand-off is a common technique employed by allutei, which has been
proven vital both for ensuring uninterrupted cortimes and increasing system
capacity [141]. Hand-offs are expensive to execsate,unnecessary hand-offs

should be avoided. There are several hand-off tqubs proposed in the
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literature depending on the type of the channelcalion technique used. Hand-
offs can be classified as fixed [142], flexible 8l4and dynamic [144]. These
techniques are used for new connection and handeoffiection requests. Also
the technique for predicting user mobility rema@sgery challenging task due to

the fuzziness of human mobility patterns has ingattd [145].

3.4.1.Desirable Features of Hand-off

A seamless hand-off is typically characterized hyo t performance
requirements [146] are:
a. The hand-off latency should be no more than a fewmdheds of
milliseconds.
b. The QoS provided by the source and target accesgorks should be
nearly identical in order to sustain the same comipation experience.
Figure 3.5 describes several desirable features of hé&ndlgorithms as

mentioned in the literature [147].

—»‘ 5. O Hirmalsit

Minimized
T

i ‘ Global Interference

Desirable

Communication
features of Maximized > ‘ Quality
Handoff  p——
QoS
. . —»‘ Cell border
Maintain

for higher _>‘ Reliability ‘

e ‘ Traffic Balance

Figure 3.5 Desirable Hand-off Features [148]
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3.4.2 .Classification of Hand-off

The hand-off process determines the maximum nurobealls that can be
served in a given area [149]. FiguBes shows a simple hand-off scenario in
which an Ms travels from BS-A to BS-B. Initiallyhé Ms is connected to BS-A.
The overlap between the two cells is the handegfan in which the mobile may
be connected to either BS-A or BS-B. At a certamet during the travel, the

mobile is handed-off from BS-A to BS-B, when the id<lose to BS-B.

Figure 3.6 Hand-off Cellular System

Hand-off classification can be classified into savevays [150] depending on
type of type of network, number of connection antteg. In the first type, Figure
3.7 represents as horizontal and vertical handbaifd and soft hand-off, mobile -

controlled, mobile - assisted, and network - cdtgdhand-off.
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Handoff Classification

Number of Network .
. Entity
connection type
Horizontal . Mobile Network Mobile
Hard | | Soft VU assisted | | controlled | | controlled

Figure 3.7 Hand-off Classification [148]

Horizontal hand-off occurs when the Ms moves betwaierent BS of the
same network. On the other hand, vertical handeoffurs when hand-off is
required between different wireless networks. Sdcdype is number of
connection which is represented by hard and saitdHhand-off, the Ms must
break its connection from the current access ndétwefore it can connect to a
new one. But the Ms can communicate and connett mire than one access
network during the hand-off process in case of fa lsand-off. The third type
depends on entity and represented by mobile-cdettoimobile-assisted, and
network-controlled hand-off, mobile-assisted hafidi® the hybrid of mobile-
controlled and network-controlled hand-off where thls makes the hand-off

decisions in cooperation with the access netwof8].1

3.4.3.Hand-off Procedure

Hand-off includes three major steps i.e. hand-afitidation, channel
assignment and execution [151]. Initiation phassgision to start the hand-off
procedure is taken. The execution phase, a newnehassignment is carried out

but if there is no channel available, the callrispghed [152].
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1. Hand-off decision / detection: a decision hm®¢ made when exactly to
initiate and perform a hand-off. This decision che made by the user’s
equipment or by the BS.

2. Hand-off channel assignment: this phase has doage the channels in
order to ensure that there will be enough channelsminimize dropping
probability.

3. Hand-off execution: this phase of a hand-off cedure includes the
protocols for reliable exchange of handover datas Ts the signaling procedure
needed to inform the hand-off connection and BSutbibe new channel
allocation.

There are several desirable features of hand-dfieafollowing:

a. Hand-off algorithm should be fast.

b. Hand-off algorithm should be successful.

c. Hand-off algorithm should be maintained the plagrgellular borders
to avoid congestion.

d. The number of hand-off should be minimized.

e. Hand-off to target cell should be chosen correctigimal.

f. Procedure of hand-off should be minimize the nunabeall drop.

3.5.HAP Movement

The position of HAP is not fixed and will vary witime depending on the
prevailing winding conditions in the stratosphelreestigation of the potential
use of phased array technology was done in [153kcdpe with platform
movement. When the platform is moving, it would calbe necessary to

compensate motion by electronic or mechanical meawsder to keep the cells
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stationary, or to “hand-off” connections betweerlscas is done in cellular

telephony.

3.5.1.Vertical Shifting

HAP comprises individual antennas for individuallcen the ground which
is fixed in relation to each other than coveragmam the ground has a subtended
angle that is fixed as shown in Figure 3.8. Inithold, the coverage area can be
calculated by the following formula [79]:

AA = 7t[(h + Ah)tan9]? — 7t (h tan9)? Equation 8.13)

WhereAA is the coverage areh,is the altitudeAh is change of high anélis

subtended angle which is fixed.

Up
positionA

Ahl

Initial
positioz
n

A

AA

Figure 3.8 Vertical Shifting up and down of HAP
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3.5.2.Horizontal Shifting

As shown in Figure 3.9, HAP movements can charggitipn or distort the

shape of the individual cells.

| = |

New Initial
position

Figure 3.9 Horizontal shifting of HAP
In the case of the HAP, it drifts from the centéittee coverage area and its

cells move from their intended position. The cogerawill increase in the
direction of the platform and the user in the ojfjeodirection will lose coverage.
The approximate coverage is shown as follows:

AA =~ disp(disp? — 4r) *° Equation 8.14)

Wherer is the coverage radius adip is the horizontal displacement.

3.5.3.Using Steerable Antenna for Hand-off

Steerable antennas can be used to cope with themsmt of the HAP have
been addressed in the past such as in [79, 80, d2&hown in Figur&.10.
Axiotis et al. (2004) have proposed mechanism oepto counter balance the

horizontal displacement with the ideal positiontbé HAP and the relevant
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correction required being specified using a GPS].[%0 steerable antenna
correction mechanism has proposed, which needs #pplied on every antenna
individually [79]. However, this would require araplex mechanical system with
a large number of motors. Therefore, it would adghicant weight to the

payload.

Up

Initial
position
Ah2

Dowen
positio

h |
. HAP Coverage Area
/T\\
N\
R \

Center of
coverage

Figure 3.10 Steerable Antenna Solution for Harfd-of

It was preferable that HAP would employ some sbrnechanically steerable
mechanism but for a group of antennas instead.ha&s/s in Figure3.10, when
HAP moves upward, the antennas will be pushed idwand the center will
move little upward. In the other hand, when HAP e®downward, the antennas

will be pushed outward, and the antenna at theecevii move a little downward.
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In case of horizontal movement, the steerable aatef the center cell is
always pointing to the center of the HAP coveragmand all the antennas are
interconnected with each other.

Theoretically, the easiest and simplest solutionhis mechanically steered
antennas, which gives good performance at low cHsiwever, high-speed

steering may become challenging due to the largesmasuch an antenna.

3.6.Antennas for HAP

Antennas are the most important element in théoa@arth interface between
HAP and Ms for several reasons. First, the antgrattern defines not only a
“footprint” and coverage but also the interfereraeel Carrier Interference Ratio
(CIR) values that affect directly the QoS and netkwoeerformance. Second, due
to the platform altitude, the antenna beam widtlsinine of a few degrees in order
to create a layout of cells [128].

As the size of cells decreases, the number of @etiseases and also the
required payload aperture increases. The size ef ahtenna array is also
determined by the altitude of the platform for @afied radius of the central cell.

As the altitude of the platform increases, the siizéhe array also increases [154] .

3.6.1.Antenna Radiation Pattern

An antenna is a conductor between a radiated wade@auided wave or vice
versa as well as to transmit, send and receivakiguch as microwave, radio or
satellite signals. Thus, radiated wave is chareddrby the antenna'’s radiation

pattern.
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Generally, antenna arrays are used to obtain seitibective characteristics
in order to increase the radiation towards theisedvarea and suppress it towards
other ones. Usually the implementation of antenamenarrow main beam and
side lobe beam which described [111]. Additionaltgdiation properties are
characterized by the horizontal radiation pattemd &ertical radiation pattern.
These two radiation patterns are used to estirhatgdin of antenna.

Azimuth angle and elevation angle are used to oter antenna gain at any
point in the footprint. Also, the antenna gain de@nexpressed as antenna loss,
which is the difference between the maximum antegaia and the gain in that
direction. The capabilities of antenna radiatiorodti be known in all the
directions, to ascribe each point under the anteomared area, the correct signal
level and the exact antenna gain in that direcfiamo different beam widths are
used in this article2° and 5%are considered in this work for improve the
performance of service probability. The expressan5? antenna radiation
pattern, based on [155], is given by:

30.7 —3(6/2.5°)? dBi 0° <@ <7.21°

G(6) = 30.7 — 25 dBi 7.21° < ¢ < 8.68°
~ 162 — 60 log (0) dBi 8.68° < ¢ < 54.81° Equation (3.15)
| —423 dBi 54.810 < ¢ < 90°

The antenna radiation pattern &% given by:

If 38.7 —3(08/1°)? dBi 0° < ¢ < 2.88°
6(6) = 4 38.7 — 25 dBi 2.88° < ¢ < 3.46° _
46.16 — 60log (8)  dBi 3.46° < ¢ <21.92°  Equation (3.16)
L —34.2 dBi 21.920 < ¢ <90°

The effect of the antenna radiation pattern isteeldo the size of the cell and

the loss for HAP with an altitude &f0 Km.
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3.7.Intelligent Hand-off Requirements

For efficient and particular hand-off, it is necaysto understand and study
many factors, parameters and techniques that grered to consider for taken

hand-Off decisions.

3.7.1.Spectrum Etiquettes using for Coexistence Enhanceme

Spectrum etiquettes vary the transmitted powehefBS of newly activated
system. These etiquettes are based on the Cantienfdrence to Noise Ratio
(CINR) and Interference to Noise Ratio (INR) at teeeiver. INR and CINR are
used to improve coexistence performance of HAP terdestrial broadband
systems that are intended for future applicatidqgplying spectrum etiquettes in
HAP is to degraded power, since spectrum etiquettegrol and limit the
transmission power level from HAP [43].

Transmitted power is reduced in HAP to increase GiHR in order to
maintain the modulation threshold level. The INRhwilO dB desired level forces
the HAP system to transmit at very low power to teestrial for reducing the
outage probability.

The general coexistence model is shown in Fig@uié. It consists of HAP, a
terrestrial system and users. This scenario assuh@sHAP and terrestrial
systems are represented as single system in the sawerage area and share
same frequency. Here, different coexistence andoye@nt techniques for
reducing the interference from HAP to terrestrigdtems and for improving the

cellular system performance are investigated [&], 6
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Figure 3.11 Spectrum Etiquettes for HAP and WiMAX

Particularly, it is concerned on investigating pbkestechniques for HAP to
improve the coexistence performance because theepbrof HAP has been
recently introduced [61]. The most appropriate niation levels
(64 QAM,16 QAM,and BPSK) which are determined to examine the
performance of the coexistence in different enwinents as shown in Figug11.

The INR is used to investigate coexistence perfageavhich has-10 dB
threshold. Spectrum etiquettes are given by Eqund8d.8) and Equation3(17),
respectively.

INR = I/NF = (P4Au(®)Ay(8)PL1)/Ng Equation 8.18)

CINR

= C/1+4 N = PyAy(@)Ay(0)PLy/Ng + PrArAy(0)PLy  Equation 8.19)

Where N is the thermal noise powel,; is power transmitted of respected
BS, Ay (@) is the transmit gain of BS antenna at an amgleith respect to its
boresight and the receive gain of the user antédpiif) at an angl® away from

it bore sight are approximated by a cosine functased to power roll-off factor
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n with a flat side lobe levePR; is transmission power of WiMAX BS am; is
the transmission gain of WIMAX BSAL(@) and Ay(0) are represented in
Equation (3.20) and Equation (3.21), respectiy&bb].
Ag(®) = Gy (max[cos(@)™, s¢]) Equation (3.20)
Ay(0) = Gy (max[cos(0)"Y, s¢]) Equation (3.21)
WhereGy and Gy represent the boresight gain of the BS antennarecaive
user antenna, ang} represent a flat side lobe floord®#. The linear path loss

valuePLy is given by Equation3(22) [157]:

PLt = PL,, + APL¢ + APL;, Equation (3.22)
PL,, = A+ 10ylog,,(d/dy) + s Equation (3.23)
A=201log,,(4md,/7) Equation (3.24)

Where PL,, is the median path loss B ands represents the shadowing
effects. The typical value of standard deviationdas betwee.2 and10.6 dB,
depending on the tree density tyn@L; is the frequency correction B given
by Equation3.25):

APL¢ = 61og(f/2000) Equation 8.25)

Wheref is frequency inMHz, PLy Covers three common terrain categories
described as category A, B and C [157].

The acceptable Level of INR is the main parametiéized to evaluate the
system performance. Accordingly, it is the refeeeno reduce the interference
level from HAP to WiMAX. The HAP is the new techogl that will occupy a
frequency that is adjacent to the WiMAX, and wiluse interference to another
system. Hence, the INR is calculated based on #ieges [158]:

1. To calculate the interference from HAP into WiMAX.

2. To compute the noise level of WiMAX receiver.
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3. To find the INR level of the receiver in order tetract the required

transmit power from HAP.

3.7.2.Receive Signal Strength for Hand-off

Radio propagation is essential for emerging teatgies with appropriate
design deployment and management techniques fowaeiless network. It sites
specific and varies significantly depending on agry frequency of operation,
velocity of mobile terminal, interface sources astier dynamic factor. Signal
strength between BS and mobile must be greaterttitashold value, to maintain
signal quality at receiver. Simultaneously, sigstaéngth must not be too stronger
to create more Co-Channel Interference (CCI) witanmel in another cell using
same frequency.

The RSS depends on the path loss and the paranoétdrs transmitter and
receiver. Quality of call establishment is basedR®8S. Signal strength varies
based on the environment and the intermediate do&asic propagation models
indicate that average RSS power decreases logacdahynwith distance. In free
space, path loss defines how much strength ofigimalsis lost during propagation
from transmitter to receiver.

When the user is moving far away from the centeHé&#P coverage, the
signal strength will be weak. Therefore, the ussquires for strength RSS to
continue the requested hand-off call. Increasimgdistance between user and BS
leads to increase the probability of hand-off. Moeat of user forward the edge
of BS also leads to decrease RSS. Thus, the pipaifidropping hand-off call
increases. Thus, hand-off takes place otherwiseazion lost. The probability of

hand-off can be calculated by Equati@mi2g).
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Pr = (Tinit + Savg)/ (Tinit + Tinin) Equation 8.26)
Where, Tj,;; initial threshold point at which initial hand-ofirocess starts to
find out target BS and,,;, is minimum threshold point at which execution ghas
of hand-off start and below this point as wellSgg, is the average of received

signal.

3.7.3.Propagation Path Models

Path loss plays a vital role to decide the QoSwoeless communication.
Also it is an unwanted introduction of energy tengdito interfere with proper
reception and reproduction of the signal duringjaisrney from transmitter to
receiver. It causes a poor signal strength atebeiver side [159]. Therefore, the
receiver is not able to detect the original signal.

Propagation models predict the mean RSS for baihsinitter and receiver
through separation distances. The variability ef signal strength in a particular
location is useful to predict the radio coverageaaiof a transmitter, and
characterize signal strength over large separdigtance between transmitter and
receiver. Propagation models can be broadly catssgbrinto three types;
empirical, deterministic and stochastic. Empiricalodels are based on
observations and measurements alone. These madetsaanly used to predict
the path loss. The deterministic models make usethef laws governing
electromagnetic wave propagation to determine #doeived signal power at a
particular location. Stochastic models, on the iottend, model the environment
as a series of random variables. We focused ongbd®f Hata model.

The basic characterization of the propagation efirless channel can be

described as a large-scale and a small-scale faddagh loss in wireless
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communication is diverse on frequency and distahiedga model is available to
predict the propagation loss. Hata model is useeérpirical path loss [dB].
PL1p4tq(dB) = A+ Blog (d1) Equation 8.27)
Where, d is distance in Km, A is fixed loss depeoadsfrequency f in MHz
and it is given by:
A = 69.55 + 26.16log(f) — 13.82log(h;, ) — a(h,,) Equation 8.28)
B = 44.9 — 6.55log(h; ) Equation 8.29)
Where, h;, is height of BS antenna in nh,, is height of mobile station
antenna in meteraJ(h,,) is correlation factor in dBm and is given by:
a(hy) = [1.11log(f) — 0.7]h,, — [1.56log(f) — 0.8] Equation 8.30)
The path loss from BS B located at the distancg2ofrom the mobile unit is
given by:

PL1,4:4(dB) = A + B log (d2) Equation 8.31)

3.7.4.Traffic Intensity

Traffic intensity is the average number of callswgitaneously in progress
during a particular period of time. It measureduimits of Erlangs. Thus 1 Erlang
equalsl * 3600 call seconds. There are two type of traffic whadther infinite or
finite. Infinite traffic implies number of call auals, each with a small holding
time. On other hand ,when the number of sourcesriofj traffic to group of
trunks or circuits is comparatively small in compan to the number of circuits,
this call finite traffic.

I=N.t/T Equation (3.32)

Where,I is traffic intensity,T is duration of monitoring period is average

holding time.N, is total number of calls in monitoring period.
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3.7.5.Time Advance Technique

Time advanceT(A) technique is used in the GSM system and is appbe
mobile positioning. The mobile locations mean tedah if mobiles are in an
obstacle position or in the boundary of cell. Hosihg of Ms is divided in to two
categories: network based and handset based pasgfifi13].

One of handset based technique called the timenadviL60] is applied in
this system to determine where the Ms is. Measunerok TA can be used to
calculate the distance between BS and theTMsinformation is the propagation
time between the Ms and BS, by checking the pasitibthe training sequence
transmitted from the Ms on uplink, the BS can cltitheT A value and send it
back to the Ms in the downlink. Also, Zhang et(@D12) and Xiong et al. (2012)
Predicting of mobile user locations also has begestigated by mobile calls and
exploiting collective behavioral patterns and, exgpwely [161, 162].

In this system, the total bit rate is set toRye= 991 K bits/Sec. Thus, the
distance that the wave can propagate in one bit atidar is
d, = (3x108)/2XR, m. The distance per bit dfA4 is thend, = 151 m. The
BS-Ms distance can be measure as [113]:

d(TA) =TAXd, Equation 8.33)

WhereTA is rounded to the nearest @/151). The position expression of
the training sequende can be found by’ = VA(t) depending on the mobile
velocity V and a time interval of measuremdi(t).

Figure3.12 shows the Rx delay and Tx delay that are tsdithd allocation.
In the proposed hand-off method, we need to knaavntiobile locationgd) to

check if the mobiles are in an obstacle positioatdsoundary of cell.
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Figure 3.12 Time Advance and User Allocation

3.7.6.The MUSIC Technique

Multi Signal Classification (MUSIC) technique inglantenna array provides
us an estimate of user direction consider the vedesignals impinging ofh.
uniform linear antennas which consist of tiM<(L) source signals corrupted by

noise in the form of [7]:

M Equation 8.34
KO =Y a@uSn® 00 =A@ +1@ e
m=
WhereA®) = a(6,), .......,a(0y)] is anLXM steering matrix whose column

is the steering vectoa(0,,).

Equation 8.35)

. d . . d .
a(,,) = [1e717smOm .. e iU-D2mysintm

Steering vectora(6y) of the signalS,,(t) having an unknown angle of
arrival®,,. Whered/A is the ratio of inter-element space of array te signal
wavelength.9 = [04, ...... ...., O] is an angle of arrival vector of the M-source
signalS(t)=[S; (1), ... ...., Su(D]T. The noise vecto(t) = [, (1), ... ..., ML (O]F
is temporally and spatially white correlated [113].

The correlation matriR of the array signal output can be written as:

R = E[X()X" (D] Equation 8.36)

An expression oR in term of eigenvalue and eigenvectors is:
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R = UaUH Equation 8.37)
Where each column df = [uy, ....., up ] x. constitutes eigvector andis a
diagonal matrix of eigenvalu@s corresponding to the eigenvectgr Decompose
R into a signal subspacg= [uy,....,uy] and noise subspadeé:=
[Upmg1, ----,up]. As a result of orthogonally of the steering vestto the noise
subspace, the MUSIC algorithm estimates the timarii¥al vector of the signals
by finding M peaks of the function:

P(0) = |a(6)N |72 Equation 8.38)

3.7.7.Distance

This algorithm connects the MS to the nearest Blse Telative distance
measurement is obtained by comparing propagatidey denes. This criterion
allows handoff at the planned cell boundaries, gj\better spectrum efficiency
compared to the signal strength criterion [163]widaer, it is difficult to plan cell
boundaries in a microcellular system due to complepagation characteristics.
Thus, the advantage of distance criterion overaigtrength criterion begins to
disappear for smaller cells due to inaccuracieglistance measurements. A
relative signal strength based algorithm gives laggrference probability

compared to a relative distance based algorithm.

3.8.Neural Network for Hand-off

ANN is one tool of artificial intelligence (Al) wbh utilized in this chapter for
enhance the hand-off decision. ANN is a massivebralel distributed
architecture which stores experimental knowleddes Knowledge is acquired by

a learning process and is stored in the form oAiN&l [164].
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Recently, ANNs have been applied to many diverseblpms. Adaptive
parameters such as user speeds, RSS for pattesificition provide a multiple of
criteria hand-off algorithm [165]. Neural network irained to predict a user’s
transfer probabilities which represent the user enments [166]. A technique to
recognize signal patterns of Ms using probabilisgaral network is introduced in
Rayleigh fading channel [167].

The ANN consists of a number of neurons arranged particular fashion.
The three basic elements of a neuron are the sgnaptghts (or weights), the
summing junction, and the activation function. Feguw.13, describes the

fundamental component of the ANN, an artificial reu

—O
—© D
—~©

Figure 3.13 Model of Artificial neuron

oK

Different activation functions include hard limiinear, log-sig. threshol@y
can be considered as one of the weight. The ANNsistshof more than one
neuron. The learning in ANN can be unsupervisedupervised. The output of a

neuron Kk is given by:

n
Up = Z Wk]X]
j=1

Y = f(up — 6y) Equation (3.40)

Equation (3.39)
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Where X;(j = 1,2, ... ... ... ......,p) are the inputy; are weightsdy is the

threshold F(..) is the activate function, ang is the output of neuron.

3.8.1.Radial Based Function Network

The Radial Based Function Network (RBFN) consithiee different layers,
an input layer, a hidden layer and an output lagshown in Figur&.14. The
input layer acts as an entry point for the inpuitoe no processing takes place in
the input layer. The hidden layer consists of sav&aussian functions that
constitute arbitrary basis functions (called radialsis functions); these basis
functions expand the input pattern into the hididemer space. This transformation
from the input space to the hidden layer spacemsimear due to nonlinear RBF.

Two distinct phases of learning in the RBFN areec®bn of enters of the
RBF and determination of linear weights. Some ef tiiethods for the selection
of RBFN centers are random selection (based on tthming patterns),
unsupervised selection, and supervised selectiomeSof the methods for linear
weight determination are pseudo-inverse memory kb algorithm. These
weight determination methods and a mapping betwleemidden unit space and
the output layer.

The output layer linearly combines the hidden tagsponses to produce an
output pattern. The rationale behind the working tbé RBFN, a pattern-
classification problem expressed in a high-dimemasigpace is more likely to be
linearly separable than in a lower-dimensional epathe parameters of the
RBFN weights (in the output layer) and the posgi@amd spreads of the Gaussian

functions. A complete learning procedure can badon [164].
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Figure 3.14 RBF Neural Network

Input nodes are RSS of MS and BS, Traffic intensftimS and BS, direction,
delay, channel availability, distance between M8 aext BS. The output equals
the summation of hidden layer. . The outputs dewitlether the system needs a
hand-off or not.

Wir(n) = [Wie(n), o cev v vee, Wieao () Equation 8.41)

Initialize al the following, the center valye (0), the span valu§;(0), weight
vector W (0), expectW;;(0) = W,,(0) =1 . Calculate the output of hidden
layer and output layer are given respectively by:

Yo = R[S Wiy (0)Z ],k =1,2,M = 20 Equation 8.42)

The error calculates by:

ex = dr—yx Equation (3.43)

Whered€{0,1] desired pattern and update the weight given by:

Wii(n+ 1) = Wy;(n) — 1, e,z Equation (3.44)
Where 1,, and t, represent the learning rate of weight and center

respectively, update the center and span momentum:
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Z; .
pijn+1) = p;;(n) + Tugj_(xi - #ji(n)) z exwy;(n) Equation (3.45)
j

Ts Zj

2
5.(n) Inz; Z exWy;(n)

J

Equation (3.46)

Wheretg learning rate of span. Repeat the steps untihtban square error

convergence less than small number.

3.9.The Proposed Technique for Intelligent Hand-off

Two BSs are considered in our work and the cellusags assumed to be
1 Km under HAP coverage. Figu815 is the flow chart illustrating the proposed
hand-off algorithm. Signal strengths of the servamgl target BS are monitored.
When the RSS from the serving BS less than thesliotd value and the RSS,
then a hand-off is done to continue the call ingpess. Otherwise, Hand-off
decision will not be taken.

Therefore, HAP has been considered as a complergdatger for terrestrial
mobile communication system, especially to provad@nectivity in terrestrial
mobile shadow zones. For superior decision makimg,hand-off procedure has
been augmented by using ANN and additional conpearameters. We have
proposed that the condition for taking a hand-a€idion between a HAP link
and a terrestrial link can be obtained by consideeight parameters viz.

i. RSS from terrestrial BS to the user (in his own)cel
—96 < RSS < —85dBm
ii.  RSS from terrestrial BS to the user (in neighbouaati),
—96 < RSS < —85dBm
ii. RSS from HAP BS to the user (in respective HAP)cell

—96 < RSS < —85dBm
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Vi.

Vii.

viil.

Distance of the user from terrestrial BS (in hisnasell) 1 Km.

Distance of the user from terrestrial BS (in neigfig cell)1 Km .

Direction of the user's movement by MUSIC

Traffic intensity (availability of channel) in theeighboring cell,
0.65 < T < 0.75 Erlangs/channels.

Traffic intensity (availability of channel) in theAP cell,

0.65 < T < 0.75 Erlangs/channels.

We considered eight inpuX = [X1,X2,........,X8]. Also we have three

outputs is to reduce number of iterations of leagnprocess. The outputs of

RBFN decide whether the system needs a hand-afoorlf Y;Y, = 00, call will

be dropped. I;Y, = 11, hand-off performed to HAP. If;Y, = 10, performed

hand-off to next cell. I¥;Y, = 01, no hand-off will be performed.
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Figure3.15 Hand-off Algorithm
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3.10.Result and Discussion

The results and conclusions as drawn by us, idighé of above exploration

are discussed as below:

3.10.1.Conclusion — | : Coexistence Performance

Coexistence is suitable with help of vary the matdah schemes of HAP
from BPSK to 64-QAM modulation scheme. ThereforaMAX and HAP can
work effectively in coexistence coverage.

In this case, the power transmitted from the HAPlower than power
transmitted from the WiMAX as shown in Figusel6. Therefore, adjust WiIMAX
power is not required. The signal to noise ratiwti€hanged. This occurred
because of using BPSK modulation on HAP due to wiie INR is lower than
threshold Figure8.16 shows the INR decrease when the user is fay d&&om
HAP. In this case, the transmit power from HAP ighler than transmit power
from terrestrial WiIMAX as shown in Figui17. Therefore, the INR is above of
the threshold. The CINR is changed. Thus, trangrawer of WIMAX BS is
required to increase for provisioning of coexiseeperformance of these systems.

Figure3.16 and Figur8&.17 are demonstrating that the WiMAX and HAP can
work effectively in coexistence coverage. For vasialistances in 64 QAM, it is
observed that when the carrier to noise ratio exed the distance between HAP
and user also increased. INR decreased when thencis between HAP and
WIMAX increased. When the user is far away from HARe interference
decreases drastically because the user starts tmtgof the HAP coverage and

transmitted power of terrestrial system is gettirgher.
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Figure 3.17 Spectrum Etiquettes in 64QAM Modulatior Varies Distance
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3.10.2.Conclusion — Il : Service Probability Performance

Single HAP with two antenna radiation patterns ewesiders as shown in
Figure3.18 and Figure.19. It is shown that, performance of service ploltty
is represented as a percentage of the total nuoflhesers in the area which are
served successfully via HAP. In case of the antgatern is2° or 5°, the best
performance in terms of service probability is agled with three tiers.

If the number of tier increases, the performanceeat¥ice probability will
improve, because the distance between cells isceedun case of usin@’
antenna radiation pattern, the service probahiésformance reach&/% for a
load of 2500 users. On the other hand, by using $Aantenna radiation pattern,
the service probability performance reach8%, for a load 0f2500 users. This
means if the number of tier increases, the perfaomaf service probability will
improve much more. In case of antenna pat®ras shown in Figur8.18, the
performance of service probability is very high 9142500 load. On the other
hand, Figure8.18 shows that, when the antenna patteff jshe performance of
service probability is very high (95%) in 2500 loasl shown in Figur8.19. But
the service probability in case of antenna pattgtnis greater than antenna

patterns?®.
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Figure 3.18 Service Probability 20 Radiation Pattern
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Figure 3.19 Service Probability 7 Radiation Pattern
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3.10.3.Conclusion — Il : Receive Signal Strength

It is shown that, the hand-off using Hata model \@hshe largest distance.
Thus, Hata model yields the postpones of the hdihtbdhe maximum distance
should be adopted for sustain QoS. The RSS isla#dcliby using Hata model to

determine which minimized the number of hand-offslaown in Figur&.20.
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Figure 3.20 Receive Signal Strength Using Hata éllod

3.10.4.Conclusion — IV : An Intelligent Hand-off by Applied ANN
The hand-off decision is illustrated in Figu3e21 and Figure.22, using the
RBFN. In Figure3.21, the hand-off success rate remains betwek? to 0.183
when the mean arrive time rate changes fBono 4.6 min, respectively. On the
other hand, the hand-off success rate stays bet@arto 0.25 even when the
traffic intensity is varied betwedn65 < T < 0.75 Erlangs/Channel. Further, by
considering different traffic intensities and dif@t mean arrival times, we have

shown that the hand-off rate consistently exhilmtger values only. The results
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show that our proposed algorithm yields fewer hafigand delivers more quality
while taking hand-off decisions. The results shaynificant reduction in the rate

of unnecessary handoff.
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Figure 3.21 Hand-off Rate Versus Mean Arrival Time
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Figure 3.22 Hand-off Rate Versus Traffic Intensity
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3.11.Conclusions

We have shown the coexistence performance of HAPMIMAX. The result
shows that the transmit power from HAP is lowemtliansmit power from that
of the terrestrial, typically when BPSK modulatiamused. On the other hand,
spectrum etiquettes are required to adjust poweause the transmitted power
from HAP is more, in case of 64 QAM. Therefore, wtiee power of WiIMAX
should also be increased to reduce the INR. Thexehy following the spectrum
etiquettes, HAP can coexist with WIiMAX and enhan@at can be maintained.

It has also been shown that the use of narrow bedelwer better
performance although such use will reduce the sieé. Therefore, it is advised
that additional tire should be added. If the numbertiers is increased, the
performance of service probability will increasecéese the distance between
cells is reduced and better QoS is delivered.

It has also been shown that the use of a high peaioce hand-off algorithm
can achieve many of the desirable features by rgaltppropriate trade-offs in
making hand-off decisions. HAP system can proviglwises to the users staying
at the corner of cells or at terrestrial coverageaawhich is influenced by
shadowing. Effective hand-off algorithm is done dzthson RBFN for the
coexisting scenario of HAP and terrestrial syst€éome or even more than one).
Thus many parameters have been taken from HAPasidéerrestrial system side.
Therefore, decision making by using ANN is highlyaptive and optimal. It is
shown that, the hand-off rate improves when traffiensity increases. As well as

hand-off rate maintain low value when mean arrivine increase.
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