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ABSTRACT

In this thesis, we propose a scheme for improving the performance of resource reservation and
call admission control for cellular networks, called “Predictive User Mobility Behavior (PUMB)”.
This scheme is proposed to allocate bandwidth more efficiently to neighboring cells by using key
mobility parameters in order to assure Quality of Service (QoS) for data transmission. The
probability theory is used to calculate the cell visiting probability that a mobile unit (MU) visits the
neighboring cell which used to form the shadow cluster. When the MU more likely to change the
" direction and migrate to the cell that does not belong to its shadow cluster, we support this case by
using predicted nonconforming call. Concurrently, to ensure the continuity of ongoing cails with
better utilization of resources, the bandwidth is borrowed from predicted nonconforming calls and
existing adaptive calls without effecting to the minimum QoS guarantees. We have evaluated the
performance of our proposed scheme by the simulation. We consider several performance metrics
such as new call blocking probability, handoff call dropping probability, call successful probability
and bandwidth utilization while the arrival rate, the moving speed of mobile unit and the shadow
cluster probability threshold are varied. The simulation results show that the proposed scheme can

reduce handoff call dropping probability, so that it is more efficient to support handoff call.
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CHAPTER 1

INTRODUCTION

1.1. STATEMENT AND SIGNIFICANCE OF THE PROBLEM

Currently, the wireless networks such as cellular networks are extending to support several
types of traffics under diverse bandwidth requirements. These networks will serve multiple traffic
classes with each class having different requirements of Quality of Service (QoS). In the research
area of wireless networks, the scarcity of wireless bandwidth, the movements of users, and channel
imperfections cause QoS provisioning is an extreme challenging task. Furthermore, in cellular
networks while an ongoing call is handing off to an adjacent cell. The ongoing call can be dropped
if that cell has insufficient free resources to support the call.

From the user’s perspective, a new call is unable to be initialized because of the bandwidth
constrain is undesirable. However, failing to continue an ongoing call, while moving a;cross cells, is
even more undesirable. In order to provide the QoS to users, the Call Admission Control (CAC)
scheme is needed. The CAC is such a strategy to limit the number of call connection into the
" networks, and will be used to reduce the network congestion and call dropping. In order to support
handoff call, any cellular network must implement a resource reservation strategy within its CAC
scheme. The resource reservation decreases the handoff call dropping probability at the expense of
denying more new call services, as the results, the new call blocking probability increases. On the
other hand, excessively resource reservation can lead to reduced bandwidth utilization. Therefore,
accurate estimation of the level of resources to be reserved is considered as one of the most

challenging tasks in designing an efficient CAC scheme.

1.2 GOAL AND OBJECTIVES

The main objectives of this thesis are as follows:
1) To propose the new scheme, called Predictive User Mobility Behavior (PUMB) that can
guarantee an uninterrupted service for admitted calls while they move from one cell to one of other

cells, and the bandwidth utilization is maximized.



The PUMB is the modified scheme which is extended from the Mobility Support On
Demand Borrowing (MSODB) and Predictive Mobility Support (PMS) schemes. In this research
. scheme, two functions have been added into the PUMB. There are (1) adjusting the window size of
Shadow Cluster (SC) by considering the typical behavior of mobile unit (MU) such as direction and
speed, and (2) weighting reposes from all cells in the SC by considering the Cell Visiting
Probability (CVP). We found that the decision accuracy for call accepting or call rejecting is
increased with the implementation of PUMB. From the result, the PUMB can guarantee an
uninterrupted service for admitted call as they move from one cell to one of other cells.

2) To study the effect on the arrival rate, the moving speed and the shadow cluster

probability threshold in the performance of the PUMB by the simulation results,

1.3 SCOPE OF THE RESEARCH

In this thesis, we focus on a wireless cellular network which the bandwidth is perhaps the
" most precious and scarce resource of the entire communication system. It is of great importance to
use this resource in the most efficient manner. Call admission control (CAC) is such a strategy to
limit the number of call connection into the networks in order to reduce the network congestion and
call dropping. We propose Predictive User Mobility Behavior (PUMB) to improve performance of
resource reservation and CAC for cellular networks. The performance of the PUMB is demonstrated
by simulation with MATLAB. The simulation shows that the effect of new call arrival rate, the
moving speed of MU, and the threshold of shadow cluster probability and compare between the
PUMB and MSODB. Our considerations are focused on performance metrics such as New Call
Blocking Probability (NCBP), Handoff Call Dropping Probability (HCDP), Call Successful
Probability (CSP), and Bandwidth Utilization (BU).

1.4. CONTENTS OF THE RESEARCH

The contents of this thesis are divided into 6 chapters. Chapter ! consists of introduction
and objective of the thesis. The other chapters are organized as follows.

The cellular system infrastructures, the cellular concept and handoff algorithms are
described in Chapter 2.

The CAC algorithms are given in Chapter 3. Also the resource reservation schemes for

CAC based on shadow cluster are explained.



In Chapter 4, Predictive User Mobility Behavior (PUMB) scheme is described together
with mobility model and CAC algorithm. In addition, quality of service parameters such as NCBP,
HCDP, CSP and bandwidth utilization, are explained.

Later the method for performance evaluation and the simulation results are given in Chapter
5. The simulation parameters such as traffic characteristics, mobility parameters and traffic
parameters are explained. The simulation results of comparing between our proposed PUMB and
MSODB are demonstrated in three parts: new call arrival rate, moving speed of MU, and the
shadow cluster probability threshold.

Chapter 6 is devoted to conclusion and suggestion of the thesis.

Finally, the parts of research that were published on international journal and conferences

are given in the Appendix.



CHAPTER 2

CELLULAR NETWORK SYSTEM

2.1. CELLULAR SYSTEM INFRASTRUCTURES

In a cellular structure, a Mobile Unit (MU) needs to communication with the Base Station
(BS) of the cell where the MU is currently located, and the BS acts as a gateway to the rest of the
world. Therefore, to provide a link, the MU needs to be in the area of one of the cells (and hence a
BS) so that mobility of the MU can be supported. Several BSs are connected through hardwires and
are controlled by a Base Station Controller (BSC), which in turn is connected to a Mobile Switching
Center (MSC). Several MSCs are interconnected to a Public Switched Telephone Network (PSTN).
To provide a better perspective of wireless communication technology, the cellular system is shown

in Figure 2.1.

3
BS g ! MsC PSTN
)

P -

R L L I ——

Figure 2.1 Celluiar system infrastructures

In any cellular scheme, four simplex channels are needed to exchange synchronization and
data between BS and MU, and such a simplified arrangement is shown in Figure 2.2. The control

links are used to exchange control messages (such as authentication, subscriber information, and



" call parameter negotiations) between the BS and MU, while traffic (or information) channels are

used to transfer actual data between the two. The channels from BS to MU are known as _forward

channels, and the term reverse channels are used for communication from MU to BS. Control

information needs to be exchanged before actual data information transfer can take place.

Simplified handshake steps for call setup are illustrated in Figure 2.3 and 2.4 [1,4].

\1

Forward Channel Control

<+

N
f/

Reverse Traffic Channel . ™S

<+ Forward Traffic Channel

N

AN

Mobile Unit

f
\

L
Reverse Channel Control N d

/

e

~)

s
e

Basge Station

Figure 2.2 Four simplex channels between BS and MU in a cell

Base Station

1 Need to extablish path
.‘. ________________________________________
2 Frequency Timeslot Code assigned R
. 3 Clontrol Information Acknowledgement
4 Start communication
e e e e e e e A e e e = e e o o s e e e e o o e e —p

Figure 2.3 Steps for a call setup from MU to BS
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Base Station Mobile Unit
1. Call for Mobile Station and pending

________________________________________ =2

. 2. Ready to extabhsh a path

3. Use frequency + Tame slot / code
I e e e e e i St ~»
" 4, Ready for commumucation
5. Start communmcation

———————————————————————————————————————— ._’.

Figure 2.4 Steps for a call setup from BS to MU

2.1.1. CELL AREA

Under ideal radio environments, the shape of the cell can be circular around the microwave
transmitting tower. The radius of the circle is equal to the reachable range of the transmitted signal.
It means that if the BS is located at the center of the cell, the cell area and periphery are determined
by the signal strength within the region, which in turn depends on many factors, such as the contour
of the terrain, height of the transmitting antenna, presence of hills, valleys and tall buildings, and
atmospheric conditions. Therefore, the actual shape of the cell, indicating a true coverage arca, may
be of a zigzag shape. However, for all practical purpose, the cell is approximated by a hexagon as
shown in Figure 2.5.

A cell is the radio area covered by a transmitting station or a BS. In that area, ail MUs are
connected and serviced by the BS. Therefore, ideally, the area covered by a cell could be
represented by a circular cell, with a radius R from the center of the BS. The actual shape of the cell
"“is determined by the received signal strength in the surrounding area. An appropriate model of a cell
is needed before a cellular system can be analyzed and evaluated.

| The hexagon is a good approximation of a circular region. Moreover, it allows a larger

region to be divided into non-overlapping hexagonal sub-regions of equal size, with each one



representing a cell area. The square is another alternative shape that can be used to represent the cell
area. The triangle is another less frequently used coverage area. Octagons and decagons do
represent shapes closer to a circular area as compared to a hexagon. However, they are not used to
model a cell as it is not possible to divide a larger area into non-overlapping sub-areas of the same

shape.
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Figure 2.5 Illustration of a cell with a BS and MUs

There are many possible models that can be used, to represent a cell boundary and the most
popular alternatives of hexagon, square, and equilateral triangle are shown in Figure 2.6. The size
and capacity of the cell per unit of area and the impact of the shape of a cell on service

characteristics are shown in Table 2.1 [1,2].

-~ R - 4—— R —p» -+—— R —p

Figure 2.6 Shape of the cell coverage area



Table 2.1 Impact of cell shape and radius on service characteristics

Shape of the cell Circular cell Triangular cell Square cell Hexagonal cell
(radius = R) (side =R) (side =R) (side=R)
Area TR? I?-,-R: R 3\/5 R?
4 2
Boundary 27R 3R 4R 6R
Boundary Length / 2 43 i .i
R R R 3R
Unit Area
Channels/ Unit Area N 4\/§N _I_V_ __]L_
7R 3R R? 1.5\3R?
with N channels/cells
Channels/ Unit Area
when number of KN 4\/§KN _IEN__ ___KN_
7R? 3R? R 1.543R?
channels increases
by a factor K
Channels/ Unit Area
when size of cell is K*N 4\/§K2M2N KN K’N
7R 3R’ R 1.53R?
reduced by factor M
2.1.2. FREQUENCY REUSE

Because only a small number of radio channel frequencies were available for mobile
systems, engineers had to find a way to reuse radio channels to carry more than one conversation at
a time. The solution the industry adopted was called frequency planning or frequency reuse.
Frequency reuse was implemented by restructuring the mobile telephone system architecture into
the cellular concept.

The concept of frequency reuse is based on assigning to each cell a group of radio channels
used within a small geographic area. Cells are assigned a group of channels that is completely
different from neighboring cells. The same frequency band or channel used in a cell can be
“reused” in another cell as long as the cells are far apart and the signal strength do not interfere with
each other. This enhances the available bandwidth of each cell. A typical cluster of seven such with

. no overlapping area is shown in Figure 2.7.



\‘,x:”“\‘f\ F2 \/*W'\(/ E7 /z————< 73 \,‘

Reuse Distance D /\ 1:'7\}{)“-—*\\ : > ( )
—{ P )—{ ¥ —(F4)
F4 \’)—--\/ Fs >-——/

\ { F6 >
‘ F3 F2
. \\/:T”\Q F2 //>—/ >__4
/ \ (Fry—( B3 y—( 7

>—4 T >H F6

Figure 2.7 Illustration of frequency reuse

In Figure 2.7, the distance between the two cells using the same channel is known as the
“reuse distance” and is represented by D . In fact, there is a close relationship between the D, R (the

radius of each cell), and NV (the number of cells in a cluster), which is given by

D=-3NR 2.1

Another popular cluster size is with N =4. In fact, the arguments made in selecting a
rectangular versus hexagonal shape of the cell are also applicable to the size of the hex cell clusters
such that multiple copies of such cluster should fit well with each other, just like a puzzle.
Additional areas can be covered by additional clusters without having any overlapped area. In

general, the number of cells N per cluster is given by

N =i +ij+ j* (2.2)

Where i represents the number of cells to be traversed along direction/, starting from the
center of a cell, and j represents the number of cells in a direction 60° to the direction of i .
Finding the center of all clusters around a reference cell is illustrated in Figure 2.8. Repeat

this for all six sides of the reference cell until the center for all adjacent clusters substituting
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different values ofi and j leads to N =1,3,4,7,9,12,13,16,...; the most popular values are 4 and 7.

~ Many possible cluster sizes with different values of N are shown in Figure 2.9 [4,5].

) direction

1 direction

v

Figure 2.8 Finding the center of an adjacent cluster using integer 7and j
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Figure 2.9 Common reused pattern of hexagonal cell clusters

2.2. MULTIPLE DIVISION TECHNIQUE

In a mobile cellular system, each MU not only can distinguish a signal from the serving BS

but also can discriminate the signals from an adjacent BS. Therefore, a multiple access technique is
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important in mobile cellular systems. Multiple access techniques are based on the orthogonal of

signal. A radio signal can be presented as a function of frequency, time, and code as

s(f.1,6)=s(f,0)e(t) (2.3)

where s(f,t) s a function of frequency and time, and ¢(¢) is a function of code [3].

There are three basic ways to have many channels within an allocated bandwidth:

1. If a system employs different carrier frequencies to transmit the signal for each user, it is
. called a Frequency Division Multiple Access (FDMA) system.

2. If a system uses distinct time to transmit the signal for different users, it is a Time
Division Multiple Access (TDMA) system.

3. If a system uses different code to transmit the signal for each user, it is a Code Division

Multiple Access (CDMA) system.

2.2.1. FREQUENCY DIVISION MULTIPLE ACCESS (FDMA)

The orthogonal condition of the two signals in FDMA is given by

b i=g o
lj;s,.(f,t)sj(f,t)df—{o i i,j=1,2,..,k (2.4)

[}

Equation (2.4) indicates that there is no overlapping frequency in frequency domain F for
the signals s,(f,f)ands,(f,), and the two signals do not interfere with each other.

FDMA is a multiple access system that has been widely adopted in existing analog systems
for portable and automobile telephones. The BS dynamically assigns a different carrier frequency to
each active user (MU). A frequency synthesizer is used to adjust and maintain the transmission and
reception frequencies. The concept of FDMA is shown in Figure 2.10.

Figure 2.11 shows the basic structure of an FDMA system, consisting of a BS and many
MUs. There is a pair of channels for the communication between the BS and the MU. The pair
channels are called forward channel and reverse channel. Different frequency bandwidths are

assigned to different users. This implies that there is no frequency overlapping between the forward
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and reverse channels. For example, the forward and reverse channels for MU#1 are f and f,’,

respectively.

Frequency
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User 1

_ Time

Code

Figure 2.10 The concept of FDMA
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Figure 2.11 The basic structure of a FDMA system
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The structure of forward and reverse channels in FDMA is shown in Figure 2.12. A

protecting bandwidth is used between the forward and reverse channels and a guard band

W, between two adjacent channels in Figure 2.13 is used to minimize interference between them.

The frequency bandwidth for each user is called sub-band W, . If there are N channels in FDMA

system, the total bandwidth is equal to N - W, - W, .

1 [} ¢
LN Ju A ,
A ' 3 I 'y ' 4
- ] i >
Reverse Channels : . Forward Chamnels
—

[l 1
s )

Protecting Ban dwidth

Figure 2.12 Structure of forward and reverse channels in FDMA

Guard Band Sub Band
Wg .
1 2 3 4 N

Total Bandwidth W = N, '

Figure 2.13 Guard band in FDMA

2.2.2. TIME DIVISION MULTIPLE ACCESS (TDMA)

The orthogonal condition of the two signals in TDMA is given by

I, i=
[s.(fo0)s,(fu0df =3 i =12,k
7 4 0, 1# )

»
|

, Frequency

Frequency

(2.5)

Equation (2.5) indicates that there is no overlapping time in time axis7 for the signals

s5;(f,t)ands,(f,t) , and the two signals do not interfere with each other. TDMA splits a single
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carrier wave into time slots and distributes the slots among multiple users, as shown in Figure 2.14.
The communication channels essentially consist of many units, called time slots, over a time cycle,
which makes it possible for one frequency channel to be efficiently utilized by multiple users as

each utilizes a different time slot as shown in Figure 2.15.
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Figure 2.14 The concept of TDMA
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Figure 2.15 The basic structure of a TDMA system
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A TDMA system may be in either of two modes: Frequency Division Duplex (FDD: in
which the forward/reverse communication frequencies differ) and Time Division Duplex (TDD: in
which the forward/reverse communication frequencies are the same). Figure 2.16 and 2.17 show

the structure of forward and reverse channels in TDMA/FDD system and TDMA/TDD,

respectively.
f
F 3
. Frame P Frame i Frame R
i V" Ll el et |
v cee w—y see - e oeee j—
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Reverse Channels
Figure 2.16 Structure of forward and reverse channels in TDMA/FDD system
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Figure 2.17 Structure of forward and reverse channels in TDMA/TDD system
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Figure 2.18 Frame structure of TDMA

Figure 2.18 shows a frame structure of TDMA. For a TDMA system, there is guard time
between the slots so that interference due to propagation delays along a different path can be

minimized.

2.2.3. CODE DIVISION MULTIPLE ACCESS (CDMA)

The orthogonal condition of the two signals in CDMA is given by
Loi=j .
[5,()s;(0)df = T LT=L2,0 0k (2.6)
I ’ 0, 1# ]

Equation (2.6) indicates that there is no overlapping of signals in code axis C for signals
5,{t) and s,(¢) and implies that the signals do not have any common codes in the code space.

In a CDMA system, different spread spectrum codes are selected and assigned to each user,
and multiple users share the same frequency, as shown in Figure 2.19 and 2.20. CDMA is a system
based on spread spectrum technology, which makes it less susceptible to the noise and interference

by substantially spreading over the bandwidth range of modulated signal.
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In addition, because of its broadband characteristics, fading resistance can be achieved by
the multipath synthesis. Reserving a wider bandwidth for a single communication channel was once
regarded as disadvantageous in terms of effective frequency utilization. However, high efficiency of
frequency usage has been demonstrated in CDMA since the introduction of power control to adjust
the antenna emitting power so that the near-far problem could be solved. In a general CDMA
system, received signals at the BS from a far-away MU could be masked by signals from a close-by
MU in the reverse channel.

There are two basic types of CDMA implementation methodologies: Direct Sequence (DS)
systems and Frequency Hopping (FH). As it is difficult to use the FH system on a practical basis
. .unless a super-fast synthesizer is employed, the DS system is considered the most feasible generic
method when the code is selected and assigned dynamically to each MU.

Spread spectrum is a transmission technique wherein data occupy a larger bandwidth than
necessary. Bandwidth spreading is accomplished before the transmission through the use of a code
that is independent of the transmitted data. The same code is used to demodulate the data at the
receiving end. Figure 2.21 illustrates the spreading done on the data signal (1) by the spreading

signal c(¢) resulting in the message signal to be transmitted, m(r). That is,

m(t) = s(t) ®c(t) (2.6)

Power

t
/ Digital Signal —is Spreading Signal
s¢) ~ : m)

»
—p

Frequency

. Power
r'y

N,

Frequency

Figure 2.21 Spread spectrum
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Originally designed for military use to avoid jamming (interference created on purpose to
make a communication channel unusable), spread spectrum modulation is now used in person
communication systems also due to its superior performance in an interference-dominated

environment.

2.2.3.1. DIRECT SEQUENCE SPREAD SPECTRUM (DSSS)

In the DS method, the radio signal is multiplied by a pseudorandom sequence whose
bandwidth is much greater than that of the signal itself, thereby spr‘eading its bandwidth as shown in
Figure 2.22. This is a modulation technique wherein a pseudorandom sequence directly phase
modulates a data-modulated carrier, thereby increasing the bandwidth of the transmission and
lowering the spectral power density. The resulting Radio Frequency (RF) signal has a noise-like
spectrum, and in fact can be intentionally made to look like noise to all but the intended radio
receiver. The received signal is de-spread by correlating it with a local pseudorandom sequence
identical to and in synchronization with the sequence used to spread the carrier at the radio

transmitting end.

Transnufter Receiver

Digital Signal Spreading Signal Digital Signal

s) m(t) s®)
Porver Power Power
4 4
/\
. I}
| \
Frequency /’\ d L, [
v Frequency Frequency

Figure 2.22 Concept of direct sequence spread spectrum system
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2.2.3.2. FREQUENCY HOPPING SPREAD SPECTRUM (FHSS)

In a FH method, a pseudorandom sequence is used to change the radio signal frequency,
across a broad frequency band in a random fashion as shown in Figure 2.23. A spread spectrum
modulation technique implies that the radio transmitter frequency hops from channel to channel in a
predetermined but pseudorandom manner. The RF signal is de-hopped at the receiver end using a
frequency synthesizer controller by a pseudorandom sequence generator synchronized to the
transmitter’s pseudorandom sequence generator. A frequency hopper may be fast hopped, where

there are multiple hops per data bit, or slow hopped, where there are multiple data bits per hop.

Transnutter Recerver

Spreading Signal _""( )6\ Digital Signal

¢ TTmmmmmmmmmemeem Power
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f ' /\ B Vava
% YARYAR
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Figure 2.23 Concept of frequency hopping spread spectrum system

Figure 2.24 shows an example of frequency hopping pattern. Multiple simultaneous
transmission from several users is possible using FH, as long as each uses different frequency
hopping sequences and none of them “collide” (no more than one unit using the some band) at any

given instant of time.
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Figure 2.24 An example of a frequency hopping pattern

2.3. HANDOFF

Cellular systems depend on the radio signals received by a MU throughout the cell and on

the contours of signal strength emanating from the BS of two adjacent cells i and j, as illustrated in
Figure 2.25.
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Figure 2.26 Variation of received power from a base station

It is clear that signal strength goes down as a MU moves away from the BS. The deviation
of received power as a function of distance is given in Figure 2.26. As the MU moves away from
the BS of the cell, the signal strength weakness, and at some point a phenomenon know as
“handoff” occurs. This implies a radio connection to another adjacent cell.

Figure 2.27 shows the handoff region, as the MU moves away from cell i and get closer to
cell j. Assuming that P,(x)and P,(x) represent the power received at MU from BS,and BS , the
received signal strength at the MU can be approximated by curves shown in Figure 2.27. At
distance X, , the received signal from BS, is close to zero and the signal strength at the MU could be
primarily attributed to BS,. Similarly, at distance X, , the signal from BS, is negligible.

To receive and interpret the signals correctly at the MU, the radio received signals must be
at a given minimum power level P, and distance X, and X, represent two such points for
BS and BS,, respectively. This means that, between points X,and X, , the MU can be served by
" either BS, or BS,, and the choice is left to the service provider and the underlying technology.

S

If the MU has a radio link with BS, and is continuously moving away toward B > then at
some point it has to be connected to the BS radio link, and the change of such linkage from
BS;to BS;is known as handoff. Therefore, region X, to X, indicates the handoff area. Where to
perform handoff depends on many factors. One option is to do handoff at X, , where two BSs have
equal signal strength. A critical consideration is that the handoff should not take place too quickly to
make the MU change BS, and BS too frequently if the MU moves back and forth between the two

cell areas due to underlying terrain or intentional movements.



23

e '
. o
> JE
/‘/ : - .
P ........................ /;},.(.’.' ........................ I R
ren = T : . m— —_
T AT : T
v ; i ¥
| |
4

Xl X3 XS hth X4 XZ

Figure 2.27 Handoff region

To avoid such a “ping pong” effect, the MU is allowed to continue maintaining a radio link
with the current BS, until the signal strength from BS, exceeds that of BS, by some pre-specified
threshold value E as is shown by point X, in Figure 2.27. Thus, besides transmitting power, the
handoff also depends on the mobility of the mobile station.

The handoff schemes can be classified according to the way the new channel is setup and
. the method with which the call is handed off from the old BS to the new one. At call-level, there are
two classes of handoff schemes, namely hard handoff and soft handoff.[1,10]

1. Hard handoff: In hard handoff, the link from old BS (BS,) is broken before the link
from new BS (BS,) is established and a mobile terminal communicates at most with one BS at a
time as shown in Figure 2.28. The mobile terminal changes the communication channel to the new
BS with the possibility of a short interruption of the call in progress. If the old link is disconnected
before the network completes the transfer, the call is forced to terminate. Thus, even if idle channels
are available in the new cell, a handoff call may fail if the network response time for link transfer is

too long.
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Figure 2.28 Hard handoff scheme

2. Soft handoff: In soft handoff, a mobile terminal may communicate with the network
using multiple radio links through different BSs at the same time as shown in Figure 2.29. The
handoff process is initiated in the overlapping area between cells some short time before the actual
handoff takes place. When the new channel is successfully assigned to the mobile terminal, the old
channel is released. Thus, the handoff procedure is not sensitive to link transfer time.

Soft handoff decreases call dropping at the expense of additional overhead (two busy
channels for a single call) and complexity (transmitting through two channels simultaneously). Two
key issues in designing soft handoff schemes are the handoff initiation time and the size of the

" active set of BSs the mobile is communicating with simultaneously.
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Figure 2.29 Soft handoff scheme
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lower the P,

prop » DUt causing the new call blocking probability to rise. The use of fixed number of

guard channels can lead to waste or lack the guard channels.

> Ongoing = 4

> Ongoing = 6
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—_—

New call

reject J

New call :‘ /
AN

Figure 3.5 Guard Channel Algorithm

3.2.2. FRACTIONAL GUARDED CHANNEL SCHEME (FGCS)

R. Ramjee, D. Towsley, and R. Nagarajan [7,13] proposed Fractional Guarded Channel
(FGC) policy. The FGC policy can reserve a non-integral number of guarded channels for handoff
calls. The basic idea is to allow the value of the threshold to be a real number, which has an integer
" partT , and a fractional part @ . When a new call arrives at a cell, the system accepts the new call
only if the number of ongoing calls in the cell is less than T , but the call will be blocked if the
number of ongoing calls in the cell is more than7 . In addition to, the number of ongoing calls in
the cell is equal toT, new arrival calls will be accepted with probability . The value of the

threshold " + & can be obtained by bisection method with the constraint Porop

= PQU.\' .
In FGC scheme, if the fractional part of the threshold is greater, probability of new call
which can use guard channel is higher. This causes effect to increase HCDP. Therefore, the fixed

threshold can lead to increase the HCDP or NCBP.
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Ongoing = 6

’

New call Accept with
probability oz = 0.6

Threshold = 6.6 T=6

Figure 3.6 Fractional Guard Channel Algorithm

3.2.3. DYNAMIC GUARD CHANNEL SCHEME (DGCS)

The use of guard channels for handoff calls needs a proper compromise between system
performance and channel reuse efficiency. In fact, any channel reserved for handoff calls
" contributes in decreasing the effectiveness of channel reuse plan. Even we can carefully choose a
proper number of guard channels, the use of fixed number of guard channels can lead to waste or
lack the guard channels. The reason is that the handoff traffic which depends on the mobility of
users is not always stationary. For example, the mobility of users may be higher in the countryside
than that in the downtown because the traffic is slighter there. In addition to location, time is
another factor that effects to the mobility of users. The mobility of a user may be lower when in a
traffic jam. In order to achieve better utilization of guard channels, we suggest assigning the number
of guard channels in a cell dynamically according to the number of the calls which may enter this
cell. When a call (new or handoff) arrives or leaves a cell, the corresponding base station informs its
neighbor base stations. A base station decides the number of guard channels according to the
- ‘number of ongoing calls in its neighbor cells which-can handoff to this cell [7,11,13]. However, in
the congestion connection, the message from the neighbor base station can lead to waste the

channel,
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3.2.4. LINEAR WEIGHTING SCHEME (LWS)

The linear weighting scheme [12] uses the mean number of calls underway in all cells
*‘within a maximum number of hops D from the originating cell in determining the admission (i.e.,
the region of awareness contains all cells within D hops from C,).

Let N,(N, =20) be the number of channels reserved specifically for call handoffs, let S be
the set containing all cells in the region of awareness, and let N — N, be the threshold. New calls are

only admitted to the originating cell 0 if

!
— Y N <N-N 3.1
|S|,~_ize.q ' h G.1)

Note that the linear weighting scheme reduces to the reservation scheme when D =0.

3.2.5. DISTRIBUTED ADMISSION CONTROL SCHEME (DACS)

The distributed admission control scheme [12] takes into consideration the number of
ongoing calls in the originating cell and its adjacent cells in making the admission decision.
Let P, be the user-declared QoS, and the overload probability be the probability that a call is
terminated during a handoff at any given time. In both one-dimensional and two-dimensional
systems, a new call is admitted at time £, only when the following conditions are met:

Condition 1: At time{, +T , the overload probability of cell C, must be smaller than Ps -

Condition 2: At timet, +T , the overload probability of each cell adjacent to the originating
cell must be smaller than £, .

For some arbitrary value of 7 must be determined experimentally. The first condition is

intended to maintain the desired F,, of calls that are underway in the system, and the second

admission condition is intended to provide the desired P, of the new call.

3.2.6. WEIGHTED SUM SCHEME (WSS)

The weighted sum scheme [12] uses the weighted sum of the number of ongoing calls in
the originating cell and in other cells in determining the admission. Let#n, be the mean number of

calls underway in cells that are distance i from the originating cell, and p; be the weighting
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(X p,=1,p; 20 for Vi). Let the admission threshold be N — N, . New calls are admitted only

ok

i=0

when there is at least one channel available in a cell and

pn <N-N, (3.2)

L)

LM

!

The optimal weights p, can be determined experimentally. Note that the weighted sum

scheme reduces to the linear weighting scheme when

1/|S]) ,i<D
p,={(/l ) .i< (3.3)

0 ,i>D

3.2.7. DUAL THRESHOLD CALL ADMISSION CONTROL SCHEME (DT-CAC)

Tat-Chung Chau et al [8] proposed Dual-Threshold Call Admission Control (DT-CAC)
policy. Both voice and data traffic are considered, where the data traffic refers to all information
encoded as data streams which consume more bandwidth than the voice traffic. The proposed DT-
CAC policy builds upon the FGC scheme used in a voice-only cellular network. As proposed by
Ramjee et al, the FGC scheme provides accurate guarantees for target QoS, such as the handoff
dropping probability. The idea is to allow the value of the threshold to be a real number which has
--an integer part 7 and a fractional part . When there are less than T calls in the cell, the system will
accept all calls. When there are more than7 calls, only handoff calls will be allowed. When there
are T calls, new arrival calls will be accepted with probability o .

The set of thresholds 7, and T, is determined based on minimizing the maximal new call
blocking probability, min,. , max(F,.,F,,), while satisfying the hard constraints on the handoff
dropping probabilities for both voice and data traffic. They consider control policies which can take
four possible actions on new calls, depending on the state location in this triangular region: (a)
accepting both voice and data new calls; (b) accepting only voice new calls; (c) accepting only data

new calls; (d) rejecting both voice and data new calls.
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HCDP. This idea was extended further in the schemes such as Predictive Mobility Support (PMS),
On-Demand Borrowing (ODB), and Mobility Support On-Demand Borrowing (MSODB).

3.3. RESOURCE RESERVATION SCHEMES FOR CALL ADMISSION
CONTROL BASED ON SHADOW CLUSTER

3.3.1. PREDICTIVE MOBILITY SUPPORT (PMS)

Aljadhai and Znati [14] present “Predictive Mobility Support (PMS)”, which efficiently
integrates mobility prediction and CAC, to provide support for predictive timed-QoS guarantees,
where each call is guaranteed its QoS requirements for the time interval that the MU is expected to
spend within each cell it is likely to visit during the lifetime of the call.

In this scheme, efficient support of predictive timed-QoS guarantees is achieved based on
an accurate estimate of MU’s trajectory as well as the arrival and departure times for each cell along
the path is required. Using these estimates, the network can determine if enough resources are
available in each cell along the MU’s path to support the QoS requirements of the call.

At any point in time ¢, the directional probability of any cell being visited next by a MU
can be derived based on the current cell, where the mobile resides, and the estimated direction ?, of
" the mobile unit at timez . More specifically, consider a MU currently residing at cell/ coming from
cellmand let j , j=1,2,...represent a set of adjacent cells to celli. Each cell jis situated at an
angle @, from the horizontal axis passing by the center of celli, as depicted in Figure 3.9.

Furthermore, define the directional path fromito j as the direct path from the center of cell to the

center of cell j. Based on the directional path, the directionality D, for a given cell can be expressed

as
6
< ,4,>0
D, =19, (3.4)
6!7 ’ ¢i/ =0

Where ¢,.J is an integer representing the deviation angle between the straight path to destination and
the directional path from/ to j, while 0, represents the angle between the directional path

fromm to i and the directional path from i to J-
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Figure 3.9 Parameters used to calculate the directional probability

Based on its directionality D,

if ?

the directional probability 1o, 0f cell j being visited next by

a MU currently at cell i can be expressed as follows:

D,
L (3.5)

Where £ is a cell at the same ring as j with respecttoi.

Define the forward span as the set of cells situated within an angle &, with respect to the
estimated direction D, of the MU. After determining the forward span, the next step in the process of
forming the shadow cluster is to decide on the size of the shadow cluster window size. The shadow
cluster window is defined as the number of adjacent rings of cells to be included in the shadow
- cluster. If the MU moves along the predicted direction, the shadow cluster window size is increased
for supporting the required QoS by including more rings.

For each shadow cluster cell, the time of arrival and residence time of the MU can be
estimated. The cell residence time within cell Jfora MU currently in cellf is characterized by three
parameters: expected earliest arrival time (7, (7, /)), expected latest arrival time (T, ))) , and
expected latest departure time (7, (7, /)). Consequently, [T, (i, /),T,, (i, )] is the expected

residence time of the MU within cell j. This interval is referred to as the resource reservation
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interval (RRI), while the interval (T2 (i, /), T4 (i, /)] is referred to as the resource leasing interval
(RLI). Resources are reserved for the entire duration of RRI. However, if the MU does not arrive to
cell before RLI expires, all resources are released and the reservation is canceled. This is necessary
to prevent MUs from holding resources unnecessarily.

Based on the requested service guarantees, a call is accepted if the required bandwidth is
allocated in the current cell and % bandwidth is reserved in the 7% of the shadow cluster cells. Let
B, be the bandwidth capacity required by MU u. The MU can receive a service from a cell if the
cell can provide y- B, units of bandwidth for the time duration RRI, where the MU is expected to
reside in that cell. Each cell in the shadow cluster uses the reservation request to decide whether the
. request can be accepted or rejected send to the ori ginal cell /.

When originating cell accepts the calli, it sends a message to all cells that are able to
reserve bandwidth, indicating that the reservation must now be performed. Every cell reserves the
required bandwidth for the RRI duration and updates its available bandwidth accordingly. However,
that cell j cancels the reservation if the MU does not arrive prior to the expiration of the RLI.

Due to the changing behavior of the MUs in a cellular network, calls may handoff to cells
that are not part of their shadow cluster and calls may not arrive within RLIs. Therefore, PMS
defines the status of a call to be either prediction conforming or prediction nonconforming. When a
call is accepted to the network, it is said to be prediction conforming as long as it visits cells that
belong to its shadow cluster and resides within each cell for the RRI period. A call arrives to a cell
earlier than its earliest arrival time or to a cell that is not part of its shadow cluster, is considered
prediction nonconforming. The CAC gives higher priority to prediction conforming calls over
prediction nonconforming calls. A prediction nonconforming call is dropped when a prediction
conforming call arrives and cannot be accommodated by the available bandwidth. When more than
one prediction nonconforming call exists within a cell, different policies can be used to decide
which call is to be dropped. For instance, the lifetime of a call, bandwidth requirements, or call
priorities can be used to implement different dropping policies.

The basic step of the CAC algorithm used to verify the feasibility of accepting new calls

and handoff calls are presented in Figure 3.10 and 3.1 1.
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However, the PMS scheme is also restrictive for the following reasons. Firstly, PMS
considers only the direction from the centers of the cells, and does not take other parameters such as
position and speed into account. In the PMS scheme the direction probability of all the neighboring
cells whose centers lie on along the same line as that of the current cell are equal for different
positions of the cells which have the same shadow cluster. Secondly, directional probability is not
calculated if the MU has not encountered handoff, since PMS scheme calculates directional

probability from previous cell direction and estimated direction at the handoff.

3.3.2. ON-DEMAND BORROWING (ODB)

M. Mahfuzul Islam and Manzur Murshed [17] propose a mobility based bandwidth
reservation scheme, called On-Demand Borrowing (ODB). The main concept is that bandwidth is
reserved in a cell only if the MU has a higher probability of arriving in that cell, based on some
quantifiable mobility parameters. If however a MU arrives in a cell where there is no bandwidth
currently reserved, then bandwidth is borrowed from the existing rate-adaptive calls.

Adaptive rate describes whether a call is either flexible in its bandwidth requirements or
not. If a call is adaptive, then its service quality may be degraded while network traffic is heavy.
Conversely, rate non-adaptive call will be either continued with full quality or disconnected. So
that, in this research, calls are divided into two priority classes based on adaptive rate — class I and
class I1. If a class I call comes into a cell with insufficient bandwidth, some class II calls should be
_ terminated, if necessary, for making space. Class II calls do not receive any special consideration.
The Resource Reservation estimator function is based on the following two keys observations:

1. The base station in the direction of a MU’s mobility will have a higher probability with
respect to receiving a handoff from this MU. This probability decreases as the angle of the base
station from the direction of the MU increases. When the angle is 90° or higher, the probability is
almost zero (Figure 3.12).

2. The smaller the estimated time for a MU to move into a particular cell, the higher the
probability for that MU to be handed-off at that cell. The estimated time is calculated as the ratio of
the distance of a MU from the base station and the velocity of the MU in that particular direction.
This means for a stationary MU the bandwidth will only be allocated in the current cell, with no
reservation made in neighbor cells. For a moving MU, the probability decreases as the distance

between the MU and the base station increases, as shown in Figure 3.12.
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Figure 3.12 Shadow cluster from ODB scheme

The estimator function for reserving bandwidth incorporates three mobility parameters
(distance, direction, and velocity). Based on these parameters, a probability P, of an MU visiting a

particular cell, is defined as Equation (3.6).

m

2
P =(l)vcos§= v’ cosd (3.6)
T d

Where d is the distance from the MU to base station, v is the speed of the MU, and & is
the angle of the base station from the direction of the MU. Figure 3.13 explains the relevance of
angle 5, where BA is the direction of mobility and C is the base station under consideration for

bandwidth reservation for the MU currently residing in cell B.

-4

Fig. 3.13 Definition of §

The reservation probability function P. can be calculated from P, as defined in Equation (3.7)

! P22
‘R-: ‘Rn ”/USRn<Z’ (37)
0 , Otherwise.
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If probability B, is greater than or equal to a threshold y (say 0.8), the reservation
probability becomes 1, that is the bandwidth is reserved in the cell. If P, is higher than or equal to
17 (say 0.2), but smaller than y, then bandwidth is reserved in the cell with probability P, and if
the value of P, is less than 77, then no bandwidth is reserved in the cell.

For reservation of bandwidth at a particular cell, the ODB scheme calculates the reservation
probability, P, and free bandwidth in that cell. If sufficient bandwidth is available to be reserved for
the requested call, the reservation is permitted with probability P.. However, if there is insufficient

bandwidth, then the remaining available free bandwidth is reserved, provided P. > 0.

(e )

.

Calculate reservation probability
(Pr)

/ /{\\-\
Request bandwidth < available free

bandwidth

No

Reserve bandwidth with
P20 > Yes— Probability Pr

y

Reserve available free
bandwidth

No—- e

STOP }

Figure 3.14 Resource Reservation Algorithm of ODB scheme
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Figure 3.15 Resource Allocation Algorithm of ODB scheme
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The various steps in the proposed algorithm for réscrving bandwidth in different neighbor
cells are presented in Figure 3.14.

The bandwidth allocation algorithm to new calls or handoff calls coming from neighbor
cells, for both types of calls, if sufficient bandwidth is available to accommodate the call, then the
call is accepted. However, new calls are rejected immediately if there is insufficient bandwidth
available. For handoff calls, an attempt is made to borrow bandwidth from existing rate-adaptive
calls to accommodate them. If however, the maximum allowable borrowed bandwidth is insufficient
to accommodate the call, then priority class II calls are dropped, while priority class I handoff calls
are sustained, by terminating long aged priority class II calls, as detailed in Figure 3.15.

However, the ODB scheme is also restrictive for the following reasons. When a call is
accepted to the network, each cell in its shadow cluster will reserve bandwidth in all MU’s life time
because reservation time window is not created in ODB scheme. As the results, when a call may
arrive to a cell that is not a part of its shadow cluster, it may be dropped because bandwidths are not

" reserved for it while the available bandwidths in this cell are reserved for other calls.

3.3.3. MOBILITY SUPPORT ON-DEMAND BORROWING (MSODB)

M. Mahfuzul Islam and Manzur Murshed [18] extend the ODB scheme further to propose
the mobility support on-demand borrowing (MSODB) scheme. The MSODB scheme calculates cell
visiting probability (CVP) normalized over a ring of cells similar to PMS. However, unlike the
ODB scheme, the MSODB scheme, in its resource allocation decisions, also calculates CVP and
reservation time window (RTW) by incorporating the expected travel distance (ETD) in order to
take into account the reserved resources and available bandwidth information for all of the cells in
the shadow cluster.

Let v, be the average speed ofx, D,.._, be expected travel distance, and 5,'., be the
directional angle between the direction of x and a line joining the centre of cell j with the position
of x, as shown in Figure 3.16.

The basic properties of the CVP are as follows:

1. The CVP is a maximum for those cells that lie in the direction of mobility. It decreases
as &, ;increases, and equals zero when the directional angle more than or equal /2 .

2. The CVP is higher if the MU is moving faster, while it is zero for a stationary MU.

3. The CVP is inversely proportional to the average time to reach the centre of cell ;.
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Direction
< of Mobile Unit

Figure 3.16 Definition of &, ; and formation of shadow cluster

From the basic properties, the CVP ( P, ) can be calculated from Equation (3.8).

Vicosd,)
D,
=L if 5. <n/2
}?\'.j =< v_‘z, CcOS 5"_'.’ I/ - / (38)

kel liek; , D v

0 Otherwise.

\

Here the summation is over the cells k that are in the same ring as ;.

Based on the calculated CVPs, we define the shadow cluster for an active x (currently in
. cell i) to include all neighbor cells j such that P, ; >, wherey is a shadow probability threshold,
which can be set in a cellular network to achieve handoff call dropping probability under a
predefined value.

The MSODB scheme considers ETD and its standard deviation to estimate the RTW of a
MU in each cell of the shadow cluster, in terms of the expected earliest arrival time ﬁﬁ‘(x) , the
expected latest arrival time T;"f(x) and the latest departure time ﬁf‘,”(x). So that the time (after the
present) when x arrives in cell j from celli can be calculated by dividing the minimum ETD

(ﬁ,’:‘;“ ) by v_and the maximum ETD ( D,."'_‘I“‘ ) by v, , respectively, as shown in Equation (3.9):

T (x) = —;-4— and T4(x)= v' (3.9)

X X
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fFf’ (x) defines the lower end of RTW. While f;f}f)(x) is the higher end of RTW and it can be found
by adding the maximum of the expected cell residence time (CRT) to f;'f (x). The CRT can be
calculated by dividing the maximum trajectory of the cell (2R.) byv, where R is the radius of

cell j. The details ofcalculatmg (x) are given in Equation (3.10).
2R,
T (x)=T"+—L, (3.10)
s . v

CHT = Cell residence time

~ e
{j 5 (x) T,, (x)
o T
o I e S T i

N—Arrlval time window —-——a-;ﬂ-— CRT——-M
ad-u-—-- Reservation time window (ﬂ'l‘.".’)»—-—-}n

Figure 3.17 Definition of RTW

Therefore, for a given time !, where 7;*;" SISY;"I'), the amount of resources reserved for a

service y (R, ;) is as follows:

R, ,=P B, 310

. P

Where B, is the maximum bandwidth required for service y. The network is assumed
capable of handling both classes: Class I (CI) - real-time and Class II (CII) - non-real time traffic.
 Because CII is fully elastic and has non-real time behavior, a CII service is accepted if any
bandwidth greater than zero can be allocated to it. The expected bandwidth B is calculated from
the maximum bandwidth required ( B” ) and the minimum bandwidth required ( B ), based on a

max mmn

maximum difference between B, and B’ , when setting their elasticity limits as shown in

min *

Equation (3.12).
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Y _ RY \2 v 2
B:;p:B;:ax__(B"‘a"—B“_‘izzBéi" _&"‘t")_ (3.12)
Blﬁax B;:mx

The name fair borrowable bandwidth (FBB) is given to max{B; ()~ B, ,0}, while the
name maximum borrowable bandwidth (MBB) is defined as the maximum amount of bandwidth

that can be borrowed from a service, i.e., B/(f)~ B’

min *

where B (f) is the amount of currently
allocated bandwidth to service y at a given time.A CI handoff service is accepted if it is possible
to allocate an amount B;, of bandwidth, even after borrowing the amount of MBB from the existing
services to meet the users’ demands of reducing handoff call dropping probability.

Upon receiving the reservation request, each cell in the shadow cluster decides whether it
- has sufficient bandwidth to reserve for the service. The base station sends a positive response (i.e.,
1) if it can support the service through reserving resources, and a negative response otherwise, as

shown in Equation (3.13).

W X, /T max ? (3]3)
0 Otherwise.

P / y .
sz{lngjZP_B
Where A4, is the response from base station and C,j..(t) is the free bandwidth in cell jat a given
time /.The values of 4", are collected (to the base station) for all cells ;, in the shadow cluster of

the originating cell i for the MU x. The decision to accept is taken if the following holds:

%Z@gn (3.14)

jest

Where N is the number of cells in the shadow cluster and 7 is the minimum percentage of amount
of cell that can support the bandwidth reservation in the shadow cluster.

For call admission control algorithm for new call at a particular cell, the proposed CAC
algorithms consider CI and ClI services differently while admitting a new service in a cell. The
details of the CAC algorithms for Cl and CII new services are shown in Figure 3.18 and 3.19.

Figure 3.20 presents the detailed CAC algorithm for handoff CI and CII services.
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However, the MSODB scheme is also restrictive for the following reasons. Firstly, in

MSODB scheme, a call is not considered for prediction conforming call and prediction

nonconforming call. When a call is accepted to the network, each cell in its shadow cluster will

reserve bandwidth in all RTW. Although when a call may arrive to a cell that is not a part of its

shadow cluster, it may be dropped because bandwidths are not reserved for it while the reserved

bandwidths in its shadow cluster are not released. As the result, the remaining available bandwidths

for supporting the other calls decrease. When they arrive to the cell, they cannot use these

bandwidths. This may cause the unnecessary blocking for new call and handoff call. Secondly,

reposes from all cells in the shadow cluster have equal priority, irrespective of their distance to the

current cell and their CVPs. As a result, sometimes handoff call may be dropped, due to the fact that

the cell with less CVP which is far away from current cell can be supported while the cell which is

near the current cell cannot be supported.
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CHAPTER 4

THE PROPOSED CALL ADMISSION CONTROL SCHEME

4.1. PREDICTIVE USER MOBILITY BEHAVIOR SCHEME

In this research, a new bandwidth reservation scheme is proposed using Predictive User
Mobility Behavior (PUMB) as the extended or modified scheme of Mobility Support On-Demand
Borrowing (MSODB) and Predictive Mobility Support (PMS). The main objectives of the call
admission control (CAC) in PUMB upon accepting a connection request are as follows:

1) Verifying the feasibility of accepting a new call into the system.

2) Guaranteeing an uninterrupted service for admitted calls as they move from one cell to
another.

3) Maximizing the utilization of the network resources.

In order to achieve our objectives, the advantages of PMS and MSODB are integrated
together into PUMB scheme including the following our proposed extended functions:

1) Adjusting the window size of shadow cluster (SC) considering the typical behavior of
mobile unit (MU) such as direction and speed.

2) Weighting reposes from all cells in the SC by considering the cell visiting probability
(CVP).

The characteristics comparison of PMS, MSODB, and PUMB can be summarized as shown
in Table 4.1.

The main concept is that the bandwidth is reserved only in a cell which has higher
probability of mobile unit’s (MU’s) migrating to that cell for reservation time window (RTW) based
on key mobility parameters. The most difficult points are to predict the cell that MU will migrate in
order to estimate the handoff time to that cell. From these points, we use the key mobility
parameters these are position, direction, speed and expected travel distance (ETD), to estimate the
CVP and RTW of neighboring cells for predicting the MU’s mobility behavior, which was not
incorporated in the MSODB scheme. These estimated parameters are used for making decision in

our proposed scheme called PUMB algorithm [19].
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The call in our consideration is classified into two types as presented in PMS; the prediction
conforming call and the prediction nonconforming call. The prediction conforming call has the
higher priority than the one of prediction nonconforming call. If a prediction conforming call comes
into a cell with insufficient bandwidth, some prediction nonconforming call should be terminated, if
necessary, for making space. From the resource reservation interval point of view, the PUMB
scheme and the PMS scheme, if a call arrives to any cell without the resource leasing interval, the
reserved bandwidths are released in order to avoid the unnecessary bandwidth reservation. Also, in
the PUMB scheme, the SC window can be adjusted based on the typical behavior of MU but the
PMS scheme considers only direction. Furthermore, the PUMB algorithm weights reposes from all

cells in the SC by considering the CVP. The response from a cell with more CVP has higher priority
. than a cell with less CVP which is far the current cell. This may increase the decision accuracy for
call accepting or call rejecting. As the result, it can guarantee an uninterrupted service for admitted

call as they move from one cell to one of other cells.

Table 4.1 Characteristics comparison of PMS, MSODB, and PUMB

Characteristics \ Scheme PMS MSODB PUMB

Key mobility parameters direction distance, direction and | distance, direction and
speed speed

Calculating the Cell Visiting Probability YES YES YES

(CVP) ’

Defining the Reservation Time Window YES YES YES

(RTW)

Checking the Resource Leasing Interval YES NO YES

(RLD)

Estimating the Expected Travel Distance NO YES YES

(ETD)

Supporting handoff call that not in shadow YES NO YES

cluster

Adjusting the window size of shadow Considering NO Considering direction

cluster only direction and speed

Weighting reposes from all cells in the . NO NO YES

shadow cluster by considering the CVP
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The PUMB scheme is software which implemented on base station for controlling the
network management. It composes of mobility model and CAC algorithm. In the mobility model, it
estimates the parameters that are used in decision process of CAC algorithm these are CVP, RTW,
and SC window size. MU’s mobility parameters these are speed, distance, direction, and position
are used to estimate these parameters very close to exact data. The estimated parameters in the
. mobility model are used in the CAC algorithm for the decision of call accepting or call rejecting,
resource reservation, bandwidth borrowing and bandwidth allocation. If the estimated parameters

are very close to real situations, the decision in the CAC algorithm is more accurate.
4.1.1. PUMB MODEL

In this research, a Global Positioning System (GPS) function is assumed to be embedded
with each MU that is periodically transmitting mobility information to its current base station. The
base station uses these information to calculate the probability that a MU may move from its current
cell to a neighboring cell jor CVP, P, ;. It can be calculated from MU’s current position, mobility

direction, moving speed, and travel distance to cell 7 D,._,.

Figure 4.1 Graphical definition of 8, ;and its SC which is depicted with the shaded area

We define v be the average moving speed of MU xand 5” be the directional angle
between the moving direction of MU x and a line Joining the center of cell j with the position of

MU x, as shown in Figure 4.1.
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The CVP of MU x to visit cell j is assumed to have a value normalized over the virtual
" ring (V-ring) in which cell j resides as proposed in [14], and use the basic CVP properties in [18],

we can calculated the CVP for MU x to visit cell ; is found as shown in Equation (4.1).

( cosd, ;
D
_ N l/5r<£ andV,>0
- Siar V0] , , (4.1)
kel liek;, Di,l'
0 Otherwise

where R, is the current cell / and the summation is over the cell & that are in the same virtual ring

ascell j.

4.1.1.1 FORMATION OF THE SHADOW CLUSTER

From the calculated P, ;, we define the span of SC for a MU x to include all neighboring
cells j such that P, 2y, where y is a Shadow Custer Probability Threshold. After that, it is to
determine the window size of the SC (W,,. ) which is the number of adjacent virtual rings of cells to
be included in the SC. Let Ring,,.j be the ring at which cell in the span of SC is located. In PUMB
scheme, if users move within the predicted direction, their SC window sizes increase up to a

maximumR,___ .
R... = max[Ring,.j] such that Pizy (4.2)

So that, if a MU moves along the current direction, increasing the W, by increases the
virtual ring to support the MU’s request. On the other hand, if a MU deviates from the current

direction, decreasing the ;. , as a MU may move out from the SC.
2
. D .-
Wy = mln(RmM,Ul _—ﬁTXM ] ‘R, J) , (4.3)
/s

where T is amount of continuous time that call x is prediction nonconforming call and Dev, is

deviation of call x at cell /. Let D/” is the direction of call x while moving to cell jand DD is
t
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the direction of call x while moving from cell ito cell J . The deviation of call x can then be

calculated as:
Dev,=|D, -D,, (4.4)

When MU deviates from the current direction, the W is decreased by an amount
proportional to the degree of deviation. The W, is recalculated at every handoff and MU’s mobility

" behavior changing. Therefore, the W,. decreases and increases follow the MU’s moving behavior.

4.1.1.2 RESERVATION TIME WINDOW (RTW)

In the PUMB scheme, the RTW of a MU in each cell of the SC is estimated by considering
expected travel distance and its standard deviation, moving speed, and MU’s position for more
accurate. The RTW of MU x when it arrives at cell j from cell 7 is considered in three terms of
the time: expected earliest arrival time 7-;'7‘ (x), the latest arrival time f:lj" (x) and the latest
departure time f}f}.‘"(x). These time parameters can be determined by using the maximum expected
travel distance, [),."";“‘ and the minimum expected travel distance, l.)i':';" between MU’s position in

. cell iand center of cell j, and by using normal distribution that has mean and standard deviation as

D,L ; and o,

il

respectively[18).

THM(xy=Dm" /v, (4.5)

W

TH(xy=D™ /v, (4.6)

o]

f:’;‘ (x) defines the lower end of RTW while f’,‘fﬁ(x) is the higher end of RTW., f’i'j(x) can be

found by adding the maximum of the expected cell residence time (CRT) to f’f:

(x). The expected

CRT can be calculated by dividing the maximum trajectory of the cell by v,. The details of

LD

calculating T i

(x)are given in Equation (4.7).

- - 2R
1P @=T 0+~ @7

x
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where R, is the radius of cell .

T(x) T4 (x)

" \ L)

—» Tune

le— Resource Leasing Intesval (RLI) —ple Cell Resident Tine (CRT)

Resesrvauon Tune Window (RTW) —_—

Figure 4.2 Graphical definition of Reservation Time Window

Figure 4.2 shows that the interval [f,'f (x) T'{’(x):l is referred to as the Reservation Time

LN
Window (RTW), while the arrival interval [f,’f (x), f,';" (x):l is referred to as the Resource Leasing
Interval (RLI). The resources or bandwidths are reserved for the duration of RTW. However, if the
MU does not arrive to cell ; before RLI expires, all bandwidth are released and the reservation is
canceled. This is necessary to prevent MU from holding resources unnecessarily.
The mechanism of reservation time window is shown in Figure 4.3, When MU is
considered as prediction nonconforming call, the cell accepts the call if it has free bandwidth to

support minimum bandwidth request and recalculates the MU’s shadow cluster and adjust window

size of shadow cluster as in Equation (4.3) and (4.4).
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START

all arrivals in

Resource Leasing
Interval period
Yes No
v . h 4
Accept call as Release the reserved
prediction bandwidths in all cells in
conforming call call's shadow cluster

Y

Consider call as prediction
nonconforming call case

ree bandwidth >

minimum bandwidth
requirement
Yes
y
Accept call as prediction Reject call
nonconforming call

Update shadow cluster

Figure 4.3 Reservation Time Window Mechanism

4.1.1.3 RESOURCE RESERVATION

PUMB scheme reserves an amount of bandwidth in a cell for a service proportional to the
. maximum bandwidth requirement of the service multiplied by the CVP for that cell in RTW as

shown in Equation (4.8). The reservation of bandwidth in the different cells of the SC should be
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updated as the MU moves from its current position. The reservation in different cells within the SC
is updated when the MU’s direction goes beyond the angular span of the SC. When MU is an abrupt
deviation in direction, the reservation is updated as well as the SC. When these cases oceur,
reserved resources in all cells in the SC are released while the MU’s shadow cluster is recalculated.
. It used to support the new MU’s direction and prevent unnecessary reserved bandwidth.

R, =P B, for TH(x)<t<T""(x), (4.8)

x,f “max

where B” is the maximum requested bandwidth for service y .

Unlike other schemes, although the MU hands off from one cell to another, but it’s not
change mobility behavior, the SC is not recalculated. Consideration of this situation incréases
channel utilization, i.e., it reduces both the new call blocking probability (NCBP) and the handoff

call dropping probability (HCDP), because it releases the resources reserved in those cells that lie

outside the SC, while the overhead message transmission from SC recalculation is reduced.

4.1.2. PUMB CALL ADMISSION CONTROL ALGORITHM

In this section, we will present our proposed scheme called the Predictive User Mobility
Behavior (PUMB) scheme. Firstly, it is necessary to define the traffic in cellular network into two
classes: Class I Partially elastic traffic (such as audio stream and video stream) and Class II Fully
elastic traffic (such as e-mail and File Transfer Protocol file (FTP-file)). If a class I call comes into
a cell with insufficient bandwidth, some class II calls should be terminated, if necessary, for making

space. From elastic definition, we can calculate elastic rate (ER) from Equation (4.9)

ER=(Bl, ~B,)/B . (4.9)

where B;_ is maximum requested bandwidth and B, is minimum requested bandwidth. We can

max

calculate the expected bandwidth B for service y from elastic rate as [18]. The details of

calculating BJ_ are given in Equation (4.10).



60

B =B’ -B’ ER

exp max

—pr (B -BL) ., (BL) (4.10)
= Bmax ——T—— = ZBrJnin —--—By—

A service is accepted if it is possible to allocate an amount B?

i Of bandwidth. We separate
borrowing bandwidth into two types: the fair borrowing bandwidth (FBB) and the maximum

borrowing bandwidth (MBB) [18] are defined as:

FBB =max{B)(t)- B _,0} 4.11)

exp ?

and MBB = B (t)- B! (4.12)

where B(f) is the amount of currently allocated bandwidth to service y ata given time . Each
type of borrowing bandwidth is condition to accept or reject call. MBB is considered together with
the reserved bandwidths and the free bandwidths for accepting handoff call, while FBB is

considered together with the free bandwidths for accepting new call.

4.1.2.1. CALL FEASIBILITY AND SETUP PROCEDURE

Upon receive the reservation request; each cell in the SC decides whether it has sufficient
bandwidth to reserve for the service. The base station sends positive response if it can support the
' service through reserving resources, and a negative response otherwise, as shown in Equation

. (4.13).

(4.13)

ij

o { L if /@2 R, for [T (x), T (x))

0, otherwise

where C',’ (#) is amount of free bandwidths in cell jattimes. The value of A}, are collected for all
cells j in the SC of the current cell i for the MU x . The decision to accept is taken if at least  %of

the cells in the shadow cluster can support an amount of reserved bandwidth in the RTW.

12 ¥ (P, ..A;r.)ZT‘ Y P .20; 0<z<l (4.14)
jesc %I b jesc X
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The above feasibility test condition of the RTW and the CVP is checked so that more
weight is given to support responses of the cells whose CVP is comparatively higher. When the
current celljaccepts the call, it sends a message to all cells in SC, confirming that the reservation
must now be performed. Every call reserved the required bandwidth for the RRI duration and
updated its available bandwidth accordingly. However, notice that cell ; cancels the reservation if

the MU that does not arrive before the resource leasing interval period, RLI, expires.

4.1.2.2 PREDICTION CONFORMING AND NONCONFORMING CALL

Due to the changing behavior of the MUs in a cellular network, calls may hand off to cells
that are not part of their SC and calls may not arrive within their RLIs. Therefore, we define the
status of a call to be either prediction conforming or prediction nonconforming {14].

The CAC gives higher priority to prediction conforming calls over prediction
nonconforming calls. When a prediction conforming call arrives and cannot be accommodated by
the available bandwidth, a prediction nonconforming call is dropped. We borrow the predicted
nonconforming call in order by the duration time decreasing for the purpose of increasing the CSP.
The bandwidth allocation for prediction nonconforming call allocates only minimum bandwidth

. requested because of preventing NCBP and HCDP increasing.

4.1.2.3 CAC ALGORITHM FOR NEW CALL

The PUMB CAC algorithms consider Class I and Class II calls differently while admitting
a new call in a cell. When a new Class | call arrives in the celli, the base station calculates the
maximum available bandwidth by adding the FBB of each existing call to free bandwidth. If the
maximum available bandwidth is greater than or equal to B, of the MU, then the bandwidth
reservation request is forwarded to all the cells in the SC to test condition of reserved bandwidth in
RTW period and send these responses back, the admission decisions are taken based on their
responses which weight by their CVP. However, if the maximum available bandwidth is not
sufficient to meet the new call’s bandwidth demand, the call is rejected. On the other hand, if the
" ‘free bandwidth in the cell is more than zero, Class 11 calls are accepted. At first, after accepting a
service, the minimum required bandwidth is allocated to each of the services, and then the

remaining surplus bandwidth is redistributed among the services according to the proportion of their
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elastic rate. When new calls are accepted, it is admitted as predictive conforming call. The details of

the CAC algorithms for new calls are show in Figure 4.4.

Class 1
Step (1): IF C/ (¢) + summation of FBB > B, THEN send reservation request to all the cells of the SC
and receive response form each cell of the SC. Otherwise, reject the call.

Step (2): IF 3 (P, .47 )27 % P, , . THEN accept the call and GOTO Step (3), otherwise, reject the

et jest
call.

Step (3): IFC/ (1) 2 B}.., THEN allocate an amount maximum requested bandwidth to the call.
Otherwise, allocate free bandwidth to the call, redistribute the bandwidth through allocating first
the minimum required to each and then surplus according to their elasticity limit.

Step (4): Admitted call as predicted conforming call. Send confirmation to each cell in SC to reserve an
amount of bandwidth.

Class Il

IF this cell has free bandwidth, THEN accept the call and admitted call as predicted conforming call.

Otherwise, reject the call.

Figure 4.4 CAC algorithm of PUMB scheme for new calls

4.1.2.4 CAC ALGORITHM FOR HANDOFF CALL

The PUMB CAC algorithms discriminate prediction conforming call and prediction
nonconforming call by using their RLI period condition and their SC cell. When prediction
conforming call migrates to celli, Class I class, the maximum available bandwidth for call is
" calculated by adding up free bandwidth C/ (¢), reserved bandwidth C/(t)and the summation of the
MBB for each existing call in the celli. If the maximum available bandwidth is greater than or
equal to B, , then the call is accepted: otherwise it is rejected. For Class II handoff calls, if the
maximum available bandwidth is zero, the transmission is stopped and the service waits until it gets
bandwidth to start transmission again, because the Class II calls are offline and do not have any
impact on user interaction. Unlike the MSODB, the PUMB supports the case of prediction

nonconforming call, if the free bandwidth can support B?

min ?

the call is accepted, and otherwise, it is

dropped. When bandwidth borrowing occurs, for making bandwidth a prediction nonconforming
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call is dropped before prediction conforming call. The details of the CAC algorithms for handoff

calls are show in Figure 4.5.

Step (1): IF this cell is in SC and a call arrives to the cell during the lease period RLI, THEN GOTO Step
(3), Otherwise, GOTO Step (2).

Step (2): IF Cif(l) 2 B}, THEN allocate free bandwidth to call, admitted call as predicted
nonconforming call, compute new SC, Otherwise, reject the call.

Step (3): IFC/ (¢) +summation of MBB > B, THEN accept call, admitted call as predicted
conforming call and GOTO Step (4), otherwise, reject the call.

Step (4): IFC/ (1) +C/ 2 B

max *

THEN allocate an amount of maximum requested bandwidth to call,
Otherwise, GOTO Step (5).
Step (5): IFC/ () +C/ 2 B

min ?

THEN allocate free bandwidth and reserved bandwidth to call, Otherwise,
GOTO Step (6).

Step (6): IF call is non-rate adaptive call, THEN allocate free bandwidth and reserved bandwidth to call
and GOTO Step (7). Otherwise, include the call in the list of existing call, redistribute the
bandwidth among adaptive calls without effecting non-rate adaptive calls.

Step (7): IF bandwidth held by predicted nonconforming calls can be freed, THEN terminate then, allocate

bandwidth to call. Otherwise, borrow bandwidth from existing rate-adaptive call.

Figure 4.5 CAC algorithm of PUMB scheme for handoff calls

4.2. QUALITY OF SERVICE PARAMETERS

In this research, we consider in four terms of QoS parameters: New Call Blocking
Probability (NCBP), Handoff Call Dropping Probability (HCDP), Call Successful Probability (CSP)
and Bandwidth Utilization (BU).

4.2.1. NEW CALL BLOCKING PROBABILITY

The new call dropping probability or NCBP is the probability of the situation when a MU
attempts to connect to a cell in network, called new call, and if this cell cannot support the level of
resources required by the MU, this connection is blocked. The probability of this situation is known

" as the new call blocking probability (NCBP). It equals the ratio of number of all new connection is
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denied into the network divided by number of all new connection in the network, as shown in

Equation (4.15).

NCBP = Naoa @.15)

connect

where  NCBP is new call blocking probability, Ny, , is the number of all new connection which
is denied from the network, and N,,,.., is the number of all new calls that connect to the network.
Sometime, a mobile unit attempts to connect to a cell in network more than one time. So that

N,

Connect

in Equation (4.15) is cumulative frequency of the time of all connections request to the

network.

4.2.2. HANDOFF CALL DROPPING PROBABILITY

The handoff call dropping probability or HCDP is the probability of the situation when a
" active connection in one cell attempts to migrate into a neighboring cell, called handoff call, and if
this neighboring cell cannot support the level of resources required by the connection, this handoff
is dropped. The probability of this situation is known as the handoff call dropping probability
(HCDP). It equals the ratio of number of all handoff call is dropped from the network divided by

number of all handoff calls in the network, as shown in Equation (4.16).

Nl)rn/)
HCDP =——— | (4.16)

Hamloff

where HCDP is handoff call dropping probability, N,)ml, is the number of all handoff call which is
dropped from the network, and N, is the number of all handoff calls which occur in the
network. Each mobile unit can be handed off to neighboring cell more than one time. So that
N yangog N Equation (4.16) is cumulative frequency of the time of all handoff calls that occur in the

a;

network.
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4.2.3. CALL SUCCESSFUL PROBABILITY

In addition to accepting a connection into the network, the amount of successful call is
measured. It is expressed as the call successful probability (CSP), which is the probability that a
connection request has not been dropped during its duration. It equals the ratio of number of all
calls which terminate from the network divided by number of all calls which admit to the network,

as shown in Equation (4.17).

CSP - NTerminale , (4]7)

Admit

" where CSP is call successful probability, N, . is the number of all calls which terminate from

the network, and N, . is the number of all admitted calls in the networks.

4.2.4, BANDWIDTH UTILIZATION

When a call is accepted into the network, the cell will allocate bandwidth to the call. An
important parameter is the degree to which the network makes an effective use of bandwidth. This

parameter is called bandwidth utilization, which is found as shown in Equation (4.18).

T
== nsed , ( 4 1 8)
1IN Ty e Tpntone ]

equest * ~ Available

BU

" where BU is bandwidth utilization, T 4w 1s the amount of all bandwidths used by various

connections admitted into a network in currently time, T, is the amount of all bandwidths

Re quext

requested by various connections send to a network in currently time, and T, ,. is the amount of
all available bandwidths of all cells in currently time.
If the network can support the level of resources required by all connections then the

T

Available 1s more than the T

Request ©

As the result, T,

Re quest

and 7, ,are equal, and BU is the most value
(is 1). Sometimes, the network cannot support the level of resources required by all connections
because all requests in the network are very much and all available bandwidths are used to support

the ongoing calls. So that, BU can be calculated from ratio of 7;,,,and T, and the value is 1.

vailuble



CHAPTER 5

PERFORMANCE EVALUATIONS

5.1. SIMULATION MODEL

In this section, we evaluate the performance of our proposed scheme “Predictive User
Mobility Behavior (PUMB)”, by means of the simulation. The considerations are focus on
performance metrics such as New Call Blocking Probability (NCBP), Handoff Call Dropping
Probability (HCDP), Call Successful Probability (CSP), and Bandwidth Utilization (BU).

Because the results in [18] show that the MSODB has better performance than PMS. So
that, the performance is evaluated by comparing only between our proposed PUMB and Mobility
Support On-Demand Borrowing (MSODB)[18]. The simulation results are demonstrated in three
parts. The first part is the comparison between PUMB and MSODB when new call arrival rate is
varied.

The second part is the comparison between PUMB and MSODB when the moving speed of
" ‘mobile unit (MU) is varied and new call arrival rate is 6calls/min which is average congested
networks. The final part is the comparison between PUMB and MSODB when shadow cluster
probability threshold is varied while moving speed range is 0-40m/s or 0-144 kmv/hr and the new

call arrival rate is considered into 3 ranges: low (1call/min), medium (5 calls/min) and high (10

calls/min).
Table 5.1 Traffic characteristics
Service Service B B:;ﬂx Min, Avg. Max. Example traffic

ID Class (Mbps) (Mbps) time(s) time(s) time(s) contents

| Cl 0.03 0.03 60 180 600 Web browsing

2 Ci 0.256 0.256 60 300 1800 Audio streams

3 Cl 1.0 6.0 300 600 18000 Video Stream

4 C2 0.0 0.02 10 30 120 E-mail

5 C2 0.0 0.512 30 180 36000 FTP file downloads,
e-mail attachments

6 C2 0.0 10.0 30 120 1200 FTP application
download
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In this simulation, the cellular network consists of cells. We assume all cell are
- ‘homogeneous which have the same characteristics such as cell size and traffic pattern. Each cell
contains a base station which is implemented CAC algorithm for the connection setup and teardown
of new calls and handoff calls, as well as the bandwidth reservation in neighboring cells. In order to
represent various multimedia applications, six different application groups are assumed based on the
connection duration, bandwidth requirement, and class of service (Class 1 and Class II). The
different application groups include constant bit rate, variable bit rate, and data traffic sources.
Table 5.1 shows the traffic characteristics of six application groups used in the simulation. These
are typical applications seen on existing networks, and their parameter values are chosen from
[16,18]. Each of the six application groups occurs with equal probability.

The 39 cells with 1 km radius are used in the simulation. Each cell has maximum
_ bandwidth capacity of 40 bandwidth units. The new call arrival rate has a Poisson distribution with
arrival rate 7\,, while the call duration time was assumed to be described the time between events in
a Poisson distribution with the mean 1/u. Each simulation was carried out for 12 hours of real time
cellular multimedia communications. Table 5.2 summarizes the various simulation parameters. The
values for the simulation parameters are chosen carefully in order to closely present realistic

scenario [14, 17, 18] and make the simulation feasible.

Table 5.2 Simulation parameters

Parameter { Value Description of parameters
N 39 Number of cells simulated
R 13 Number of country roads and freeways
C‘,T 40 Cell capacity
J 10 Number of road junction
M var Number of mobiles in system
G., 0.0001 | Going out of network probability
1 var Mean call arrival rate
o 0.01 Mobile off probability
Vit var | Mean MU off time
]/,uw var Mean out of network staying time
B 0.9 Confidence level
T 0.8 Supported level from the cells in shadow cluster
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5.2. SIMULATION RESULTS

5.2.1. PERFORMACNE METRICS FOR VARYING ARRIVAL RATES

In this part, the mobility parameters are shown in Table 5.3 [18]. The movements of the
MU may be stationary or move, either towards a specific destination following the road networks,
or randomly at walking speeds and the MU can start its itinerary from any location in the cellular
network, with an appropriate state of movement. MUs were allowed to travel at speeds
proportionate with the current road limits within 10% variations and the shadow cluster probability

. threshold is 0.2.

We separate simulation results for various arrival rates into three cases:

(1) Class I traffic (traffic ID 1, 2, and 3).

(2) Class 11 traffic (traffic ID 4, 5, and 6)

(3) Class I and Class II traffic.

Table 5.3 Mobility parameters

Parameter | Value | Description of parameters

0.15 | Probability that the MU travels on a country road

c

P, 0.1 Probability that the MU travels on a freeway
P 0.4 | Probability that the MU is walking or stationary
P, 0.4 From stopping to moving probability
P,, 0.4 From moving to stopping probability

28 Maximum speed (m/s) on a country road

mas ¢

Vi s 35 Maximum speed (m/s) on a freeway
Vs 18 | Maximum speed (m/s) on local/city road
Vi 3 Maximum walking speed (m/s)

5.2.1.1. FOR CLASS I TRAFFIC

Figure 5.1 shows that the Class I NCBP of PUMB and MSODB are low during very low
arrival rates, but increase steadily with the arrival rate increase. The improvements in Class | NCBP
between both schemes are minimal at lower arrival rate. However, the improvements become
- -important as the arrival rate increases. In the PUMB, it can adjust the window size of shadow

cluster (SC) considering the typical behavior of mobile unit (MU) in order to avoid the unnecessary
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bandwidth reservation. As the result, the PUMB scheme is able to decrease the NCBP lower than

MSODB about 10-19%.
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Figure 5.1 Comparison of Class I new call blocking probability for varying arrival rate
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Figure 5.2 Comparison of Class I handoff call blocking probability for varying arrival rate
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The Class I HCDP of PUMB and MSODB are shown in figure 5.2. While arrival rate
increases, the Class I HCDP rises rapidly. In decision process of the PUMB, the responses from all
cells in SC are weighted by their CVP. So that, the response from a cell with more CVP has higher
priority than a cell with less CVP which is far the current cell. This may increase the decision
accuracy for call accepting or call rejecting. As the result, it can guarantee an uninterrupted service
for admitted call as they move from one cell to one of other cells. As the result, the PUMB scheme

provides 8-19.5% improvements in handoff Class I HCDP compared with the MSODB scheme.
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Figure 5.3 Comparison of Class I call successful probability for varying arrival rate

The Class I CSP of the PUMB and MSODB are presented in figure 5.3. The result shows
that CSP decreases as the call arrival rate increases. Because the PUMB can increase the decision
accuracy for call accepting or call rejecting. Therefore, it can guarantee an uninterrupted service for
admitted call as they move from one cell to one of other cells. As the result, it can lead to decrease

HCDP while increase CSP more than MSODB about 8-19.5 %.
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The Class 1 bandwidth utilization of PUMB and MSODB is presented in figure 5.4. The
result shows that as the arrival rate increases, the bandwidth utilization decreases. Due to the arrival
rate increasing, reserved bandwidths of all shadow cluster increase. As the result, bandwidth
utilization decreases. However, the PUMB can adjust the window size of shadow cluster in order to
avoid the unnecessary bandwidth reservation. The PUMB achieves better bandwidth utilization than

--MSODB for each arrival rate. PUMB is able to increase the bandwidth utilization greater than

MSODB about 8 %.
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Figure 5.4 Comparison of Class | bandwidth utilization for varying arrival rate

5.2.1.2. FOR CLASS I TRAFFIC

The Class 11 NCBP is zero for both schemes at very low arrival rate, as shown in figure 5.5.
. However, although the differences in the Class Il NCBP of both schemes are small at lower arrival
rates, the differences increases as the arrival rate increases. The PUMB has better performance than

MSODB. The Class 1l NCBP of PUMB is improved about 1-4 % compared with the MSODB.
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Figure 5.6 shows the Class 11 HCDP of PUMB and MSODB. The differences in the Class II
HCDP of both schemes are more at lower arrival rates, the differences decrease as the arrival rate
increases. The Class II HCDP of PUMB is improved about 4-15 % compared with the MSODB.
The CSP of the PUMB and MSODB are presented in figure 5.7. The result shows that CSP
decreases as the call arrival rate increases. However, the differences of the Class 11 CSP of both
schemes are more at lower arrival rates, the differences decrease as the arrival rate increases. The

PUMB scheme provides 4-15% improvements in Class 11 CSP compared with the MSODB.
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Figure 5.7 Comparison of Class II call successful probability for varying arrival rate

The Class 11 bandwidth utilization of PUMB and MSODB is presented in figure 5.8. The
result shows that as the arrival rate increases, the bandwidth utilization decreases. MSODB achieves
better bandwidth utilization than PUMB when arrival rate is more than 1. MSODB is able lo

increase the bandwidth utilization greater than PUMB upto2~9 %.
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Figure 5.8 Comparison of Class II bandwidth utilization for varying arrival rate

5.2.1.3. FOR CLASS 1 AND CLASS II TRAFFICS

The NCBP of PUMB and MSODB are shown in figure 5.9. It is shown that the differences
in the NCBP of both schemes are less at lower arrival rates, the differences increase as the arrival
rate increases. The NCBP in PUMB is lower than MSODB for all of arrival rate. The NCBP in
PUMB is reduced about 2~9 % compared with the MSODB. The PUMB can reduce the NCBP
because if the MU does not arrive to its shadow cluster before RLI expires, the reserved bandwidths
in MU’s shadow cluster are released and used to support the other calls. Also the PUMB can adjust
shadow cluster window size based on typical behavior of MU so that it can reduce unnecessary
reserved bandwidth. As the result, cells have more bandwidth to support the other cells.

In figure 5.10, we present the HCDP of PUMB and MSODB. The result has shown that
PUMB has better performance than MSODB while arrival rate increases. The HCDP of PUMB is
improved about 9~23 % compared with the MSODB. The CSP of the PUMB and MSODB are
presented in figure 5.11. The result shows that CSP decreases as the call arrival rate increases.
However, the PUMB has better performance than MSODB. PUMB can reduce the HCDP while
lead to increase CSP more than MSODB about 2 %. Because PUMB can guarantee an uninterrupted

service for admitted calls as they move from one cell to one of other cells by weighting response
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from all cells in MU’s shadow cluster by its CVP. This may increase the decision accuracy for call

accepting or call rejecting. Thereby the HCDP of PUMB reduces while lead to increase CSP.
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The bandwidth utilization of PUMB and MSODB are presented in figure 5.12. The result
" shows that as the arrival rate increases, the bandwidth utilization will decrease. However, PUMB
achieves better bandwidth utilization than MSODB at all arrival rates. PUMB is able to increase the
bandwidth utilization up to 2 ~ 14 % compared with the MSODB. In PUMB scheme if the MU does
not arrive to cell j before RLI expires, all bandwidth are released and used to support the other calls.
And PUMB can adjust SC window size based on typical behavior of MU so that it can reduce
unnecessary reserved bandwidth and cells have more bandwidth to support the other calls.
Therefore, bandwidths are used by considering the bandwidth utilization.

Figure 5.13 shows the overhead message transmission for various arrival rates. The graph
clearly shows that overhead message increases as the call arrival rate increases. However, the
PUMB has better performance than MSODB. PUMB decreases overhead message transmission less
. than MSODB about 2 ~ 6 %.

Because PUMB adjusts window size of SC based on typical behavior of MU so that it can
reduce amount of cells in MU’s shadow cluster. So that it can reduce overhead from message

transmission for shadow cluster formation.
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5.2.1.4. DISCUSSIONS

From the results, PUMB can reduce the NCBP because if the MU does not arrive to cell j
before Resource Leasing Interval expires, the reserved bandwidths are released and used to support
the other calls. Also PUMB can adjust SC window size based on typical behavior of MU so that it
can reduce unnecessary reserved bandwidth and cells have more bandwidth to support the other
calls. Furthermore, PUMB can guarantee an uninterrupted service for admitted calls as they move
from one cell to another by weighting reposes from all cells in the shadow cluster considering the
- ‘CVP, thereby reducing the HCDP. This may increase the decision accuracy for call accepting or call
rejecting.

In the PUMB scheme if the MU does not arrive to cell j before RLI expires, all bandwidth
are released and used to support the other calls. And the PUMB can adjust SC window size based
on typical behavior of MU so that it can reduce unnecessary reserved bandwidth and cells have
more bandwidth to support the other calls. Therefore, bandwidths are used by considering the
bandwidth utilization.

The performance metrics for varying arrival rates from figure 5.9-5.13, there are a phase
change around arrival rate equal to 2 in both of PUMB and MSODB. Because in case of the arrival
rate is less than 2, the available bandwidths in the current cell are used to support the handoff call as
_we can see in figure 5.10, and the HCDP in this range is very low. The remaining few available
bandwidths can support the new call. This make the NCBP of new call increase rapidly as shown in
figure 5.9. Figure 5.12 has shown that the available bandwidth in the current cell mostly used to
support handoff call. For the overhead message transmission shown in figure 5.13, both new call
and handoff call have to do the process for the SC formation. The overhead message transmission in
this range also increases rapidly

In order to improve this situation, we need the scheme for balancing between NCBP and
HCDP by using NCBP threshold and HCDP threshold in order to control and improve the quality of
service. Another way is to consider the scheme for adjusting the shadow cluster window size

depending on the situation in the networks.



79

5.2.2. PERFORMANCE METRICS FOR VARYING MOBILITY

In this part, we consider when arrival process has a Poisson distribution with new call
arrival rate is 6 calls/min which is average congested networks. The moving speed of MU is varied
. for 5, 10, 15, 20, 25, 30, 35, 40, 45 m/s. The MU can start its itinerary from any location in the

cellular network, with an appropriate state of movement.
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Figure 5.14 Comparison of new call blocking probability for varying mobility

The NCBP of PUMB and MSODB are shown in figure 5.14. It is shown that PUMB has
better performance than MSODB while MU is moving faster. While MU is moving faster, the
handoff also increases. As the result, the overhead message transmission from shadow cluster
reformation increases, the NCBP increases. However, the PUMB can adjust the shadow cluster

" window size which can lead to decrease the unnecessary bandwidth reservation and the overhead
message transmission. As the result, the PUMB can reduce the NCBP about 1~3 % compared with

the MSODB.
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The HCDP of PUMB and MSODB are presented in figure 5.15. The result has shown that
PUMB has better performance than MSODB while MU is moving faster. Because the handoff
increases as the moving speed increases. As the result, the overhead message increase which can
lead to increase the HCDP. But the PUMB algorithm has the bandwidth borrowing algorithm and
the decision process which weight all responses by their CVP for increasing the decision accuracy
for call accepting. Therefore, it can guarantee an uninterrupted service and decrease HCDP less than
--MSODB about 1~3 %.

The CSP of PUMB and MSODB are presented in figure 5.16. The result shows that CSP of
MSODB and PUMB slightly decrease when moving speed increases. Because the PUMB can
increase the decision accuracy for call accepting or call rejecting. Therefore, it can guarantee an
uninterrupted service for admitted call as they move from one cell to one of other cells. As the

result, it can lead to decrease HCDP while increase CSP more than MSODB about 1-3 %.
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Figure 5.17 Comparison of bandwidth utilization for varying mobility

Figure 5.17 presents the bandwidth utilization of PUMB and MSODB. The result shows the
trend of decreasing of bandwidth utilization as long as the moving speed of MU increases.
However, PUMB achieves better bandwidth utilization than MSODB at all moving speed. PUMB is

able to increase the bandwidth utilization up to 1 ~ 3 % compared with the MSODB.
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Figure 5.18 shows the overhead message transmission for varying mobility. The results

clearly show that as MU moves faster, the overhead message transmission increases. Because when

_ the MU’s moving speed is faster, the more chances of handoff increase. So that, the overhead

message transmission from SC reformation increases. As the result, NCBP and HCDP increase

while bandwidth utilization and CSP decrease. The PUMB has better performance than MSODB. It

can reduce overhead message less than MSODB about 30 %.
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Figure 5.18 Comparison of overhead message transmission for varying mobility

From the result in Figure 5.14-17, there show that when the MU’s moving speed increases,

the performance of both schemes slightly change. So that, the moving speed of MU is not more

effective for the PUMB and MSODB schemes. In addition to, the other values of arrival rate, the

results are almost the same trend.
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5.2.3. PERFORMANCE METRICS FOR VARYING SHADOW CLUSTER
PROBABILITY THRESHOLD

In this section, the performance is evaluated by comparing between our proposed PUMB
and traditional MSODB when the shadow cluster probability threshold, is varied when moving
speed range is 0-40m/s or 0-144 km/hr and the new call arrival rate is considered into 3 ranges: low

(1 call/min), medium (5 calls/min) and high (10 calls/min).

5.2.3.1. FOR LOW ARRIVAL RATE

The NCBP of PUMB and MSODB in case of low arrival rate are shown in figure 5.19.
When the shadow cluster probability threshold increases, NCBP of PUMB and MSODB decrease
about 6% and 11% respectively. Because of the shadow cluster formation, the bandwidth is reserved
only in a cell which has CVP higher than the shadow cluster probability threshold. So that, if the
shadow cluster probability threshold is higher, amount of the cells in shadow cluster is lower. As the
result, reserved bandwidth decreases and the cells have more bandwidth to support other calls. In
the comparison of the NCBP between PUMB and MSODB, we found that the NCBP of PUMB is
improved about 4.5-10% compared with the MSODB.
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Figure 5.20 shows the HCDP of PUMB and MSODB. The results show that the HCDP of
PUMB and MSODB increase as the shadow cluster probability threshold increases. Because when
the shadow cluster probability threshold increases, the MU’s shadow cluster size decreases. So that,
amount of reserved bandwidths for each MU decreases. This causes effect to increase HCDP. When
the shadow cluster probability threshold increases, the HCDP of PUMB and MSODB slightly
increase 0.14% and 3.1% respectively. The HCDP of PUMB is improved about 2.7-3% compared

with the MSODB.
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The CSP of PUMB and MSODB are presented in figure 5.21. The results show that the
CSP of both schemes decrease as the shadow cluster probability threshold increases. If the shadow
cluster probability threshold is higher, the shadow cluster size is less. As the result, the HCDP
increases while lead to decrease CSP. When the shadow cluster probability threshold increases, the
CSP of PUMB and MSODB decrease 0.14% and 3.1% respectively. The CSP of PUMB is more

than MSODB about 2.7-3%.
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Figure 5.22 presents the bandwidth utilization of PUMB and MSODB. The result shows the
trend of increasing of bandwidth utilization as long as the shadow cluster probability threshold
increases. Because of the shadow cluster formation, the bandwidth is reserved only in a cell which
has CVP higher than the shadow cluster probability threshold. So that, if the shadow cluster
probability threshold is higher, amount of the cells in shadow cluster is less. As the result, reserved
bandwidth decreases and the cells have more bandwidth to support other calls. Therefore,
bandwidth utilization increases. When the shadow cluster probability threshold increases, the
bandwidth utilization of PUMB and MSODB increase 0.5% and 1.7% respectively. However,

PUMB achieves better bandwidth utilization than MSODB about 1 ~ 2 %.

5.2.3.2. FOR MEDIUM ARRIVAL RATE

The NCBP of PUMB and MSODB in case of medium arrival rate are shown in figure5.23.
When the shadow cluster probability threshold increases, the NCBP of PUMB and MSODB
decrease. Because the shadow cluster probability threshold increases while lead to decrease the size
of the shadow cluster. As the result, the reserved bandwidths decrease while the free bandwidths
increase. So that, the NCBP of PUMB and MSODB decrease 6% and 6.5% respectively as the
shadow cluster probability threshold increases. The differences in the NCBP of both schemes are
more at lower arrival rates, the differences decrease as the shadow cluster probability threshold
increases. The NCBP of PUMB is improved about 1.8-4.5% compared with the MSODB.

Figure 5.24 shows the HCDP of PUMB and MSODB. The results show that the HCDP of
PUMB and MSODB increase as the shadow cluster probability threshold increases. In the shadow
cluster formation, the bandwidth is reserved only in a cell which has CVP more than the shadow
cluster probability threshold. So that, if the shadow cluster probability threshold is higher, the size
of the shadow cluster is less. As the result, the HCDP increases. When the shadow cluster
probability threshold increases, the HCDP of PUMB and MSODB increase 0.9% and 3.1%

respectively. The HCDP of PUMB is improved about 2-2.6% compared with the MSODB.
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Figure 5.23 Comparison of new call dropping probability for varying shadow cluster probability

threshold when arrival rate is 5 calls/min
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The CSP of PUMB and MSODB are shown in figure 5.25. The results show that the CSP of
. PUMB and MSODB decrease as the shadow cluster probability threshold increases. If the shadow
cluster probability threshold is higher, amount of reserved bandwidths is lower. As the result, the
HCDP increases while lead to decrease the CSP. When the shadow cluster probability threshold
increases, the HCDP of PUMB and MSODB decrease 0.9% and 3.1% respectively. The CSP of
PUMB is improved about 2-2.6% comparcd with the MSODB.

Figure 5.26 presents the bandwidth utilization of PUMB and MSODB. The result shows the
trend of increasing of bandwidth utilization as long as the shadow cluster probability threshold
increases. When the shadow cluster probability threshold increases, the bandwidth utilization of
MSODB and PUMB increase 2.5% and 1% respectively. Because amount of the reserved
bandwidth decreases as the shadow cluster probability threshold increases. Therefore, cells have
more bandwidth to support other calls. However, PUMB achieves better bandwidth utilization than

MSODB about 1 ~2 %.
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5.2.3.3. FOR HIGH ARRIVAL RATE

The NCBP of PUMB and MSODB in case of high arrival rate are shown in figure 5.27.
When the shadow cluster probability threshold increases, the NCBP of PUMB and MSODB
" ‘decrease. Because of the shadow cluster formation, the bandwidth is reserved only in a cell which
has CVP higher than the shadow cluster probability threshold. So that, if the shadow cluster
probability threshold is higher, amount of the cells in shadow cluster is lower. As the result,
reserved bandwidth decreases and the cells have more bandwidth to support other calls. When the
shadow cluster probability threshold increases, the NCBP of PUMB and MSODB decrease 6.5%

and 7.5% respectively. The NCBP of PUMB is less than MSODB about 3.5-5.5%.
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threshold when arrival rate is 10 calls/min

Figure 5.28 shows the HCDP of PUMB and MSODB. The results show that the HCDP of
PUMB and MSODB increase as the shadow cluster probability threshold increases. When the
shadow cluster probability threshold increases, the HCDP of MSODB and PUMB increase 3.1%
and 1.2% respectively. The HCDP of PUMB is less than MSODB about 1.7-2%. Increasing of the
shadow cluster probability threshold can lead to decrease amount of reserved bandwidths. As the
result, the HCDP increases and CSP decreases as shown in Figure 5.29. The results show that the
" CSP of PUMB and MSODB decrease about 1.2% and 3.1% respectively as long as the shadow
cluster probability threshold increases. The CSP of PUMB is more than MSODB about 1.7-2%.

Figure 5.30 presents the bandwidth utilization of PUMB and MSODB. The result shows the
trend of increasing of bandwidth utilization as long as the shadow cluster probability threshold
increases. When the shadow cluster probability threshold increases, the bandwidth utilization of
PUMB and MSODB increase 1.5% and 2.1% respectively. However, PUMB achieves better
bandwidth utilization than MSODB about | ~ 2 %. Because the shadow cluster probability
threshold increases, the shadow cluster size decreases. Therefore, the reserved bandwidths decrease
while lead to increase the available bandwidths to support other calls. Also, the NCBP decreases

and bandwidth utilization increases.
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5.2.3.4. DISCUSSIONS

From the results, in case of arrival rate is low (1 call/min), the shadow cluster probability
threshold has a little effect to HCDP value as shown in figure 5.20, HCDP values of the shadow
cluster probability threshold between 0-0.8 don’t vary. Because the traffic is low, the network can
support bandwidth reservation of all calls. In the other hand, the shadow cluster probability
threshold effects to NCBP value because the high shadow cluster probability threshold value effects
to decrease the reserved bandwidth that can receive more new call. From the graphs, the suitable
shadow cluster probability threshold value for low arrival rate is 0.8. When arrival rate is higher (5
and 10 calls/min), the shadow cluster probability threshold effects to HCDP value because the high
shadow cluster probability threshold value effects to decrease the reserved bandwidth that can lead
HCDP increasing while NCBP decreases due to the network can support more new call. From the
- results, the suitable shadow cluster probability threshold values for medium and high arrival rate are

0.2-0.3 and 0.1-0.3, respectively.
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Table 5.4 Summary the shadow cluster probability threshold for each case of new call arrival rate

New call Shadow Cluster Probability Threshold
arrivalrate | New Call Blocking | Handoff Call Dropping |  Balance NCBP and
(cal/min) | probability (NCBP) | Probability (HCDP) HCDP (Optimal)
I 0.8-1.0 0.0-0.8 0.8
5 0.2-1.0 0.0-03. 0.2-03
10 0.1-1.0 0.0-03 . 0.1-03

In the shadow cluster formation, the bandwidth is reserved only in a cell which has CVP
more than the shadow cluster probability threshold. When shadow cluster probability threshold
- increases, the MU’s shadow cluster size decreases. So that, amount of reserved bandwidths for each
MU decrease. As the result, the reserved bandwidths in the network decrease and free bandwidths
that used to support new call increase. This causes effect to increase HCDP and the unused reserved
bandwidths increase due to the handoff call is dropped before it arrivals to these cells. Therefore,
HCDP increases as long as shadow cluster probability threshold increases while NCBP and CSP
decrease. On the other hand, when shadow cluster probability threshold is lower, amount of cell in
each MU’s shadow cluster is greater. The reserved bandwidths increase but the available

bandwidths decrease.



CHAPTER 6

CONCLUSIONS AND FUTURE WORK

6.1. CONCLUSIONS

This thesis has proposed the scheme to improve the performance, called “Predictive User
Mobility Behavior” (PUMB). The PUMB is extended or modified from Mobility Support On-
Demand Borrowing (MSODB) and Predictive Mobility Support (PMS). The characteristics
" comparison of PMS, MSODB, and PUMB can be summarized as shown in Table 4.1. In PMS
scheme [14], Cell Visiting Probability (CVP) was introduced to estimate the probability of an active
MU visiting a neighboring cell. For each neighboring cell, a measure of directionality is obtained as
the ratio of two angles: the one made by the line joining the centers of the current and neighboring
cells with the predicted direction, and the other by the predicted direction with the line joining the
centers of the current and immediate previous cells. The CVP for each neighboring cell is then
calculated as its normalized directionality over a ring. Resource reservation time window (RTW) for
each MU is estimated for each cell in the SC to reserve bandwidth. The PMS scheme allows a new
call to be accepted only if its required bandwidth can be served and cells in the SC can reserve the
necessary bandwidth for the call.

However, the PMS scheme is also restrictive for the following reasons. Firstly, PMS
considers only the direction from the centers of the cells, and does not take other parameters such as
position and speed into account. In the PMS scheme the CVPs of all the neighboring cells whose
centers lic on along the same line as that of the current cell are equal for different positions of the
cells which have the same SC. Secondly, CVP is not calculated if the MU has not encountered
handoff, since PMS scheme calculates CVP from previous cell direction and estimated direction at
the handoff.

In MSODB [18] scheme, all three key mobility parameters of distance, direction, and speed
are used together to calculate the CVP normalized over a ring of cells similar to those presented in
[14). The MSODB scheme calculates CVP and RTW by incorporating the expected travel distance
(ETD) in order to take into account the reserved resources and available bandwidth information for

all of the cells in the SC.
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However, the MSODB scheme is also restrictive for the following reasons. Firstly, in
MSODB scheme, a call is not considered for prediction conforming call and prediction
nonconforming call. When a call is accepted to the network, each cell in its SC will reserve
_ bandwidth in all Reservation Time Window (RTW). Although when a call may arrive to a cell that
is not a part of its SC, it may be dropped because bandwidths are not reserved for it while the
reserved bandwidths in its SC are not released. As the result, the remaining available bandwidths for
supporting the other calls decrease. When they arrive to the cell, they cannot use these bandwidths.
This may cause the unnecessary blocking for new call and handoff call. Secondly, reposes from all
cells in the SC have equal priority, irrespective of their distance to the current cell and their CVPs.
As a result, sometimes handoff call may be dropped, due to the fact that the cell with less CVP
which is far away from current cell can be supported while the cell which is near the current cell
cannot be supported.

The main objectives of the CAC in PUMB upon accepting a connection request are as
follows: 1) verifying the feasibility of accepting a new call into the system, 2) guaranteeing an
- .uninterrupted service for admitted calls as they move from one cell to another, and 3) maximizing
the utilization of the network resources. Two functions have been added into the PUMB. There are
(1) adjusting the window size of Shadow Cluster (SC) by considering the typical behavior of mobile
unit (MU) such as direction and speed, and (2) weighting reposes from all cells in the SC by
considering the Cell Visiting Probability (CVP). The response from a cell with more CVP has
higher priority than a cell with less CVP which is far the current cell. This may increase the decision
accuracy for call accepting or call rejecting. As the result, it can guarantee an uninterrupted service
for admitted call as they move from one cell to another.

The simulation has been performed in order to compare the achieved performance with the
MSODB. The simulation results are demonstrated in three parts. The first part is the comparison
" between PUMB and MSODB when new call arrival rate is varied. The second part is the
comparison between PUMB and MSODB when the moving speed of MU is varied and new call
arrival rate is 6calls/min which is average congested network. The final part is the comparison
between PUMB and MSODB when shadow cluster probability threshold is varied while moving
speed rang is 0-40m/s or 0-144 km/hr and the new call arrival rate is considered into 3 ranges: low

(1 call/min), medium (5 calls/min) and high (10 calls/min).
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The simulation results demonstrated that our proposed scheme may have the better
performance than MSODB even through the new call arrival rate or MU’s moving speed or the
shadow cluster probability threshold increases. The PUMB can reduce new call blocking probability
and handoff call dropping probability while increasing bandwidth utilization and call successful
probability.

In part of varying the shadow cluster probability threshold, when the shadow cluster
probability threshold increases, new call blocking probability of MSODB and PUMB decrease
while handoff call dropping probability of both schemes increases in all arrival rates. In case of the
new call arrival rate is low, the suitable shadow cluster probability threshold value is 0.8. When the
. new call arrival rate is higher, the suitable shadow cluster probability threshold values for medium

and high arrival rate are 0.2-0.3 and 0.1-0.3, respectively.

6.2. FUTURE WORK

The simulation results in the case of varying the shadow cluster probability threshold, they
show that the shadow cluster probability threshold has effect to the network performance such as
new call blocking probability and handoff call dropping probability. Because when the shadow
cluster probability threshold increases, the MU’s shadow cluster size decreases. As the result, new
call blocking probability decreases while handoff call dropping probability increases.

In addition to, the suitable shadow cluster probability threshold is varied follow the traffic
environment such as cell size and traffic characteristics. For the low arrival rate, the suitable shadow
" cluster probability threshold is high. In the other hand, when arrival rate is higher, the suitable
shadow cluster probability threshold is lower. Therefore, the suitable shadow cluster probability
threshold can lead the suitable shadow cluster size.

For the future work, we plan to improve the performance of this scheme. We will adapt our
scheme by adjusting the shadow cluster probability threshold depending on the situation in the
networks for balancing between new call blocking probability and handoff call dropping

probability.
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