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Abstract 

As the demand for cellular communication services is increasing rapidly, it is important to 

achieve an efficient utilization of the allocated radio spectrum. To this end, a channel assignment 

scheme that is consistent with the objectives of increasing capacity and minimizing interference is 

required. In this thesis, a dynamic channel assignment (DCA) scheme with channel borrowing 

and re-assignment is proposed. With the channel borrowing and re-assigning strategy, a cell 

which has no channel available may borrow a channel from an available channel set of its 

neighboring cells. The performance of the proposed DCA scheme is studied through computer 

simulations in terms of blocking probabilities and handoff activities. A comparison of blocking 

probabilities between the proposed scheme and some existing channel assignment schemes is 

made. In the no handoff case, the proposed scheme can significantly improve the blocking 

probability of the cells that have a complete set of interfering cells. In the case with handoff, the 

adaptability of the channel borrowing and re-assigning strategy leads to a significant improve

ment in handoff blocking probability for both uniform and non-uniform traffic distributions. The 

proposed scheme also generally has a lower overall blocking probability. 
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Chapter 1 Introduction 

The rapid development of wireless communication technologies in the last decade has led 

to a significant increase in the demand for mobile telephones, especially in the developed 

countries. The present cellular mobile telephone systems serve a large number of users over a vast 

geographical area [1,2]. The continuous advances in wireless communication technologies have 

also improved the quality and reliability of various cellular networks. People in different locations 

and countries are able to communicate with one another through the cellular networks by using 

their handheld mobile telephones. In addition, improvements in mobile communication technol

ogy have reduced the cost of providing cellular telephone services. As a result, the cellular mobile 

industry has experienced a tremendous growth. Nevertheless, the available radio frequency 

spectrum of cellular systems is a limited resource. To accommodate the growth of mobile users 

and maintain a reliable service, it is necessary to develop efficient frequency spectrum utilization 

schemes. A channel assignment scheme which is consistent with the objectives of increasing 

capacity and minimizing interference is required. 

A basic cellular system consists of mobile stations (MS), base stations (BS), and a mobile 

switching center (MSC) [1, 2]. The BS is responsible for providing a wireless connection between 

the MS and the public switched telephone network (PSTN). When a cellular mobile telephone is 

turned on, it first scans a group of control channels and chooses one with the strongest signal. The 

strongest control channel indicates which cell is to serve the mobile-originating calls. The MS 

may initiate a call in the cellular network after selecting the control channel. The MS and the BS 

must scan all the available voice channels in order to find an unoccupied one to use. The process 

used by the MSC to assign a voice channel to the MS is called a channel assignment scheme. A 

1 



Chapter 1 Introduction 2 

call may be blocked when the MSC is unable to allocate a voice channel to the MS. A handoff 

operation is performed when the MS moves from one cell to another while a call is in progress. In 

the handoff operation, the MSC transfers the call to a new channel available to the new BS. When 

the MS terminates a call or is handed off from one cell to its neighboring cell, the BS will update 

the status of each available voice channel. 

1.1 Motivation and Objectives 

To lower the blocking probability and provide high quality service in heavily loaded 

cellular communication systems, an efficient channel assignment scheme must be used. Such a 

channel assignment scheme reuses a voice channel (subject to interference constraints) in order to 

maximize the frequency spectrum utilization. It also lowers the probability of blocked calls and 

enhances the traffic-carrying capacity of cellular systems. 

The objective of this thesis is to develop a dynamic channel assignment (DCA) scheme 

and to compare its performance with some existing schemes. The DCA scheme uses a simple cost 

function to assign a channel to a cell. The performance of the proposed DCA scheme when 

handoffs are considered is also examined in this thesis. 

1.2 Outline of the Thesis 

In Chapter 2, a number of different channel assignment schemes are reviewed. In 

Chapter 3, the proposed DCA scheme with channel borrowing and re-assigning strategy is 
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described. In Chapter 4, we examine the proposed scheme with no handoffs through computer 

simulations and compare its performance with those of different channel assignment schemes in 

terms of blocking probabilities for both uniform and non-uniform traffic distributions. The 

mobility model used and the performance of the proposed DCA scheme with handoffs are 

presented in Chapter 5. The conclusion and possible future studies are summarized in Chapter 6. 



Chapter 2 Background 

In this chapter, we first look at cell layouts and frequency reuse in a cellular mobile 

communication system. Several channel assignment strategies are then reviewed. 

2.1 Cellular System and Frequency Reuse 

In a cellular system, the service area is divided into a number of cells where each cell is 

served by an BS. The size of the cell depends on the transmission power of the BS transmitter. 

Every MS in the cell communicates with the BS via a channel in order to establish a wireless 

connection. The cellular system allocates a group of channels to each BS to serve the MS's within 

the cell. To simplify the design of the cellular system, each cell is assumed to have an identical 

size and hexagonal shape as shown in Figure 2.1. 

Figure 2.1: Structure of a Cellular System. 

Because the frequency spectrum of wireless communications is a limited resource, 

4 



Chapter 2 Background 5 

frequency reuse is the central concept in the cellular structure. Frequency reuse enables two MS's 

to use the same frequency channel simultaneously in different geographical regions without 

violating interference constraints. Thus, the frequency reuse plan directly affects the efficiency of 

frequency spectrum utilization in the cellular system. 

The interference caused by frequency reuse is called co-channel interference and is 

usually the most important factor which determines the overall capacity of the cellular system. 

Frequency reuse makes use of radio propagation path losses provide an acceptable carrier-to-

interference ratio (CIR). Cell separation is one effective way to reduce the co-channel interfer

ence. Assume that each BS has signal coverage in a cell of radius R (see Figure 2.1) and that the 

distance between the two nearest co-channel cell centers is D. The co-channel interference 

reduction factor (CIRF), a, [3] is defined as 

a - £ • (2.1) 

In (2.1), the value a is independent of the BS transmitted power and can be determined for any 

required CIR level [1]. As long as the BS transmit powers are the same in all the cells, an increase 

in the transmitted power equally in each cell does not increase co-channel interference. Because 

each cell is assumed to have an identical size, the required level of carrier to interference ratio can 

be determined by a function of R and D. The worst situation occurs when an MS is at the edge 

(boundary) of the cell. The received power at the MS from the BS is proportional to R Y where 

the parameter y is the path loss exponent and its value varies between 2 and 4. Furthermore, the 

received power at the MS due to the i th interfering cell is proportional to Di where Dt is the 

distance between the MS and the i th interferer. Figure 2.2 shows the interference from the six 
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nearest co-channel cells. 

6 

Figure 2.2: Co-channel Interference from Six Interfering BS's. 

To simplify the calculation, we assume that the interfering BS's are equidistant from the 

desired BS and that the distance between the two nearest co-channel BS's is D (See Figure 2.2). 

The CIR of the MS is then approximately given by 

C 
I 

R -1 R -y 

6D~ 
a 
"6 

(2.2) 

To provide an acceptable CIR level, the minimum distance D can be obtained from (2.2). 

For the hexagonal cell structure, the relationship between the CIRF and the frequency reuse 

factor, N, is given by [2] 
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(2.3) 

To tessellate the hexagonal-shaped cellular system without gaps between adjacent cells, the 

frequency reuse factor must satisfy 

where the parameters i and j are non-negative integers. 

2.2 Review of Other Channel Assignment Schemes 

A number of channel assignment schemes appear in [4-12]. The objective of a channel 

assignment scheme is to minimize the co-channel interference and increase frequency spectrum 

utilization in a cellular system. Channel assignment schemes can be classified as either fixed or 

dynamic. In a fixed channel assignment (FCA) scheme, a predetermined set of channels are 

allocated to each cell. A dynamic channel assignment (DCA) scheme places all channels in a 

central pool and assigns a channel to a new call while ensuring that co-channel interference 

constraints are not violated [4]. Because of its flexibility and traffic adaptability, DCA may 

increase the trunking capacity of the cellular system and reduce the probability of blocked calls. 

The trunking capacity exploits the statistical behavior of users so that a fixed number of channels 

may serve a large, random user population [2]. 

N = i2 + ij +j .2 (2.4) 
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2.2.1 Fixed Channel Assignment Scheme 

A FCA scheme allocates a predetermined set of channels to each cell permanently and a 

channel used in a cell must satisfy co-channel reuse constraints [1]. The total number, M, of 

available channels in the cellular system is divided into a number of nominal channel sets. Each 

nominal channel set consists of S channels with 

S = % (2.5) 
N 

where the frequency reuse factor N is defined in (2.4). In the FCA scheme, the frequency reuse 

scheme allocates the same set of S channels to cells separated by at least a distance D. Because 

each cell has the same number of nominal channels, this uniform channel distribution is the most 

efficient when the cellular system also has a uniform traffic distribution. The overall average 

blocking probability of the cellular system is the same as the probability of a blocked call in each 

cell. The blocking probability for the FCA scheme can be obtained using the Erlang B formula [2] 

n = On]Vt" 

In (2.6), Xt is the mean call arrival rate due to new calls and handoffs while \xt is the mean call 

departure rate due to terminations from call completions and handoffs. The Erlang B formula is 

based upon the following assumptions: 

• New call arrivals and handoff call arrivals form a Poisson process with mean call ar

rival rates of Xn and Xh respectively. 
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• The call duration is exponentially distributed with an expected value of Tm and the 

mean outgoing handoff rate per calling mobile is yih. 

However, the traffic distribution of the cellular system may be non-uniform due to the user 

distribution and terrain environment of the service area. As a result, one cell may under-utilize its 

available channels while an adjacent cell may have a high call blocking probability. The FCA 

scheme may result in poor channel utilization when the traffic distribution is non-uniform. 

Although the FCA scheme is very simple, it does not adapt to changing traffic conditions and user 

distribution. In order to improve the performance of channel assignment in the non-uniform 

traffic system, channel borrowing schemes have been proposed. 

2.2.2 Borrowing with Directional Locking Scheme 

In the simple borrowing (SB) scheme [5], a group of nominal channels is allocated to each 

cell. Channel borrowing scheme [5-7] are a form of DCA which only needs local and neighboring 

cell information. Unlike the FCA scheme, when all nominal channels of the cell are busy, an 

available nominal channel from the adjacent cell is borrowed to serve a call. The borrowed 

nominal channel must not interfere with existing calls. If no such channel can be borrowed, the 

call is blocked. 

In Figure 2.3, cell x borrows channel / from cell V j . This causes channel i to be locked1 in 

cells y2 and v3 which are co-channel cells of yx. The selection rule for the borrowed channel 

1 A channel is locked in cell x i f use of the channel in cell x wil l cause a violation of co-channel interfer
ence constraints. 
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plays an important role in the channel borrowing strategy because the set of borrowable channels 

in a cell may have more than one available channel. To minimize the blocking probability of 

future calls, the rule for selecting a borrowable channel is to generally borrow from an adjacent 

cell having the largest available channel set. An efficient channel borrowing strategy must reduce 

the number of locked channels in order to increase the channel utilization and decrease the call 

blocking probability. 

Figure 2.3: Channel Borrowing and Co-channel Cell Locking. 

The borrowing with channel ordering (BCO) scheme [6] is introduced to provide an 

efficient method of selecting the borrowable channel. In the BCO scheme, all nominal channels in 

each cell are numbered 1,2, ...,S. The lowest-number available channel in the nominal channel 

set has the highest priority to be assigned to the next local call while the highest-number available 

nominal channel is given the highest priority to be borrowed temporarily by neighboring cells. 

The borrowed channel is not only selected from an adjacent cell having the largest available 
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channel set; it is also chosen to have the highest-number available channel of the neighboring cell. 

To minimize channel borrowing of future calls and the number of locked channels, the channel re

allocation scheme is used to reduce the traffic carried on borrowed channels. When a call is 

terminated, a channel is re-allocated in accordance with the following rules. Figure 2.4 illustrates 

some channel re-allocation examples for the BCO scheme. 

• Assume that there are six calls in cell x served by nominal channels 1, 2,..., 6. When 

the call served by channel 4 is terminated, the call served by channel 6 is switched to 

channel 4 and channel 6 is released. See Figure 2.4(a). 

Assume that there are twelve calls in cell x served by nominal channels 1,2, 10 

and borrowed channels 19 and 20 from cell y^. When the call served by channel 6 is 

terminated, the call served by borrowed channel 19 is switched to channel 6 and bor

rowed channel 19 is released and un-locked in the three interfering cells (Ĵ J , >"2, >"3 )• 

See Figure 2.4(b). 

• Assume that there are twelve calls in cell x served by nominal channels 1, 2 , 1 0 

and borrowed channels 19 and 20 from cell y^. When the call served by borrowed 

channel 20 is terminated, the call served by borrowed channel 19 is switched to chan

nel 20 and borrowed channel 19 is released and un-locked in the three interfering cells 

Oi , jv2' ^3 ) • S e e F i s u r e 2- 4( c)-
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Cell; 

switching 

* 1 \ N \ H \ I \ P 10 

(a) 

\ \ \ X X -6- X X \ X 
switching 

\ X X X X X 17 18 y 
(b) 

Cell; * N \ 1 \ I \ N \ N \ 1 \ I \ 

Cel l , , N X N X I X 16 17 

switching 

£ 3 L Z 2 
(c) 

|X\| Channel in use 

[/̂ l Channel borrowed from Cell yx 

p—1 Channel with terminating call 

Figure 2.4: Examples Illustrating Channel Re-allocation Scheme. 

In the BCO scheme, cell x is only allowed to borrow a channel from its neighboring cell 

Vj where the borrowed channel is simultaneously free in three nearby co-channel cells 

( V j , y2, v 3). This severe requirement may increase the number of locked channels so that the 

number of available channels for the channel borrowing strategy is reduced. The borrowing with 

directional channel locking (BDCL) scheme [7] was developed to improve the availability of 

borrowable channels. 

The BDCL scheme only locks a borrowed channel in co-channel cells where the borrowed 

channel used in those cells may cause a violation of co-channel interference constraints. In 

Figure 2.3, cell x borrows channel i from cell yx so that this causes channel i to be locked in cells 
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y2 and y 3 which are co-channel cells of y{. Unlike the BCO scheme, channel i in cell y^ only 

needs to be locked in directions 2, 3, and 4. Cells in directions 1, 5, and 6 are allowed to borrow 

channel i from cell y3 without interfering the call served by channel i in cell x. Because cell z, is 

in direction 1 of cell _y3 , it can borrow channel i whether the locking conditions in cells y4 and y5 

are satisfied. The BDCL scheme specifies the "lock directions" for each locked channel in order 

to determine the availability of borrowable "locked" channels. Therefore, the number of available 

channels for borrowing is greater than in the BCO scheme because a cell can lend a channel to a 

neighboring cell if co-channel interference constraints are not violated. 

The BDCL scheme adopts the channel re-allocation scheme of calls from borrowed to 

nominal channels and between borrowed channels to minimize channel borrowing of future calls 

(See Figure 2.4). In Figure 2.5, the call served by borrowed channel 19 is switched to channel 6 

when channel 6 in cell x is completely unlocked (i.e., unlocked in all 6 directions). The re-alloca

tion rule shown in Figure 2.5 can reduce the amount of multiple channel borrowings. 

completely 
unlocked 

C e l l * \ \ \ \ \ \ X \ \ X 
switching 

\ \ \ \ \ 16 17 18 / y 
|̂ \] Channel in use 

f/ |̂ Channel borrowed from Cell 

Figure 2.5: Channel Re-allocation of the BDCL Scheme. 
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2.2.3 Compact Pattern Dynamic Channel Assignment Scheme 

A compact pattern based dynamic channel assignment scheme called CP-based DCA (CP-

DCA) is described in [8]. The objective of the CP-DCA scheme is to maintain the co-channel 

cells of any channel to a compact pattern in a cellular system. The compact pattern is defined as 

the channel allocation pattern with the minimum average distance between two co-channel 

cells [9]. Figure 2.6 shows two compact allocation patterns (clockwise and anticlockise patterns) 

where the minimum co-channel reuse distance is three cell units. With the center cell moved to 

one of the six neighboring cells, there are six other possible compact patterns. Therefore, the total 

number of compact patterns is 2 x 7 = 14. 

Figure 2.6: Compact Allocation Patterns: (a) Clockwise Pattern, (b) Anticlockwise Pattern. 

The CP-DCA scheme consists of two phases: channel allocation and channel packing. 

Channel allocation assigns an unused channel to a new call while channel packing restores the 

compact pattern of the cellular system. Channel packing is only performed when the compact 

(a) (b) 
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channel is released. The compact channel is a channel which is allocated in accordance with any 

one of the fourteen compact patterns. The CP-DCA scheme shows that the number of channel re

assignment per released call in the channel packing phase is at most one [9]. 

2.2.4 Dynamic Channel Assignment Scheme Using Cost Function 

In [10], a DC A scheme is described which uses a cost function. It allows any one of the M 

channels to be used in any cell in the cellular network to achieve an efficient frequency spectrum 

utilization. The cost function is used to evaluate the cost of using each of the available channels. 

The DC A scheme in [10] is distributed because the available and used channel lists are updated 

by exchanging status information between BS's whenever a new call arrives or a call is 

terminated. 

This DC A scheme consists of two phases: channel allocation and channel de-allocation. A 

cost function is applied in the channel allocation to assign an unused channel to a new call from 

the available channel set A(x) of cell x. The goal of the channel de-allocation phase is used to 

release a channel from the used channel set A(x) which becomes available in the greatest number 

of interfering cells, I(x). Initially, the DCA scheme allocates a set of nominal channels FD(x) to 

each cell x. Each nominal channel set contains S channels as in (2.5). With this nominal channel 

condition, the DCA scheme would preferably assign a channel to cell x belonging to FD(x) in 

order to optimize channel utilization of the cellular system. 

When a new call arrives in cell x, the channel allocation algorithm examines the cost of 
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each available channel i e A(x) due to the interfering cell y e I(x). The allocation cost of the 

available channel /, Cx(y, i), is defined as 

Cx(y, i) = vy{i) + 2[\-qy(i)], Vy e I(x) (2.7) 

where v (?) and qy(i) are given by 

vy(i) = \1> XieA(y) (2.8) 
0, otherwise 

« , » = ( 0 ' ' f ' 6 ^ (2.9) 
I 1, otherwise. 

From (2.7), the allocation cost of the available channel can only yield four different values: 

cx(y, 0 -

0, if i £ A(y) and i £ FD(y) 

1, if i e A(y) and i <£ FD(y) 

2, if / ^ A(y) and / G FD(y) 

[ 3, if i e A(y) and z e FD(y). 

(2.10) 

The overall cost function of the channel allocation is expressed as 

Cx(i) = qx(i)+ E {Cx(y,i)}, V/eA(x) . (2.11) 
y e / ( * ) 

From (2.11), the term ^ ( 0 corresponds to the nominal channel condition so that the cost 

function tends to assign channel / to a new call where channel i belongs to FD(x). When a call 

arrives in cell x, the DCA scheme assigns channel *'*, (i* e A(x)), such that, 
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Cx(i*) = min- (2.12) 

temporarily to cell x. If there is more than one candidate channel with the minimum cost, one of 

them is chosen at random. 

When a call is terminated in cell x, the DCA scheme performs the channel de-allocation 

algorithm to release a used channel in order to reduce the mismatching with the optimal FCA 

channel distribution and to free the channel that becomes available in the greatest number of I(x). 

In the channel de-allocation algorithm, the cost of each used channel j e A(x) is examined due to 

the interfering cell y e I(x). The de-allocation cost of the used channel j, Rx(y,j), is given by 

Rx(yJ) = bx(y,j) + 2qy(j), \/y e I(x) (2.13) 

where bx(y,j) is defined as 

0, if channel j is locked in cell y 
only by the allocation in cell x 

1, otherwise. 

(2.14) 

From (2.13), there are only four values for the de-allocation cost of the used channel: 

Rx(yJ) = 

0, if / € Ax(y,j) andy e FD(y) 

1, if / £ Ax(y,j) andy' e FD(y) 

2, if / e Ax(y,j) andy £ FD(y) 

_ 3, ify £ Ax(y,j) andy £ FD(y) 

(2.15) 

where A (y,j) represents the set of channels becoming available in cell y when channel j is 
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released in cell x. Equations (2.10) and (2.15) shows that there is a perfect complementarity 

between the channel allocation cost contribution CJy, i) and the channel de-allocation cost 

contribution Rx(y,j). When a call is terminated, the channel de-allocation algorithm releases a 

used channel which becomes available in the greatest number of interfering cells and reduces the 

mismatching with the optimal FCA channel distribution. The overall cost function of the channel 

de-allocation is expressed as 

Rx(j) = \-qx(j) + Z {Rx(y,j)h V/€^(x). (2.16) 

y e I{x) 

The term 1 - qx(j) shown in (2.16) demonstrates that the cost function prefers to release channel j 

which does not belong to FD(x). The de-allocation algorithm releases channel j* such that 

Rx(j*) = mmJsA(x){Rx(j)}. (2.17) 

To simplify the implementation of the channel allocation and de-allocation algorithms, A(x), 

A(y), and A(x) are updated when a new call arrives or a call is terminated. 

2.2.5 Dynamic Channel Assignment Scheme Using Hopfield Neural Network 

In order to increase the capacity of cellular communication systems, a Hopfield neural 

network [13] can be used in the DCA scheme for optimizing the channel allocation. DCA 

schemes based on an energy function whose minimization yields the channel allocation are 

described in [14, 15]. The Hopfield neural network is used to optimize the energy function for 
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allocating a channel. In [15], hard and soft conditions are formulated in the energy function. The 

hard condition refers to a violation of co-channel interference constraints. The most important soft 

conditions for the energy function are the packing condition and the resonance condition. With 

the packing condition, the allocation solutions tend to use the minimum number of channels to 

satisfy the global channel demand. With the resonance condition, the scheme tends to assign the 

same channels to the cells which belong to the same reuse scheme. 
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In a cellular communication system, each mobile call is served by an BS which provides 

radio access between an MS and an MSC. Within the BS's service coverage area, the MS can 

establish an acceptable quality communication link that is often comparable to that of landline 

telephone systems. Because of the rapid growth of the mobile user population, cellular systems 

must accommodate a large number of mobile users and provide an acceptable signal quality over 

a large geographic area within a limited frequency spectrum. To achieve an efficient utilization of 

the radio spectrum, a channel assignment scheme that is consistent with the objectives of increas

ing capacity and minimizing interference is required. 

In Chapter 2, we have reviewed different FCA and DCA schemes and looked at important 

parameters for channel allocation and de-allocation algorithms. Unlike the channel assignment 

schemes reviewed in Section 2.2, the proposed DCA scheme does not allocate a group of nominal 

channels to each cell. Because the initiation of new call arrivals for service from cell to cell is a 

random process, the distance between two cells using the same channel may be greater than the 

minimum reuse distance D. With the resonance condition in the cost function, the proposed 

scheme assigns the same channels to cells so that the distance between the two nearest cells is 

close to the minimum reuse distance D. Furthermore, a cell is allowed to borrow a channel from 

the available channel set of its neighboring cells1 when the cell has no free available channel. The 

channel assignment is performed in each BS by exchanging status information between BS's. The 

proposed DCA scheme described in this chapter attempts to increase the traffic-carrying capacity 

For simplicity in describing the proposed D C A scheme, the use of the phrase "borrow from cell x" always 
means to borrow a channel from the available channel set of cell x. 

20 
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and simplify the channel assignment scheme. 

21 

3.1 Proposed Dynamic Channel Assignment Scheme 

The proposed DCA scheme consist of three phases: channel allocation, channel de-alloca

tion, and channel borrowing and re-assignment. Cost functions for channel allocation and de

allocation are used to evaluate the cost of using each of the available channels and releasing each 

of the used channels respectively. With the channel borrowing and re-assigning strategy, a cell is 

allowed to borrow a channel from its neighboring cells when the available channel set of the cell 

is empty. 

3.1.1 Channel Allocation Algorithm 

A cost function is applied in the channel allocation to assign a channel to a new call from 

the available channel set of cell x. The cost of channel allocation is determined by three decision 

conditions: co-channel interference condition, interfering-cell available channel condition, and 

resonance condition: 

• The co-channel interference condition ensures that the same channel cannot be used in 

two interfering cells. The channel allocation algorithm assigns a channel to a new call 

from the available channel set A(x) of cell x. If A(x) is empty, the channel borrowing 

and re-assigning strategy is performed. 
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• With the interfering-cell available channel condition, we tend to assign a channel to a 

cell which minimizes the decrease of the available channel set of its interfering cells. 

Channel i G A(x) is assigned to cell x if the number of the interfering cells y e I(x) 

having channel z in A(y) is minimized. 

• With the resonance condition, we tend to assign the same channels to cells which are 

at the minimum reuse distance, D, apart. 

The channel allocation algorithm examines the cost of each available channel i due to its 

interfering cell y e I(x) and its co-channel cell z e L(x). The co-channel cell set L(x) is a set of 

cells separated by the minimum reuse distance D. The overall cost function of the channel alloca

tion, Cx(i), is given by 

Vz G A(x) 

Cx(i) = Z VyiO + £ V y G 7(x) 
y S / ( x ) zeL(x) V Z G Z ( X ) 

(3-1) 

where v (z) and wz(i) are given by 

(3-2) 

(3-3) 

From (3.1), the first term, Z v ( 0 , is used to assign a channel with the interfering-cell 
y e Kx) 
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available channel condition while the second term, ^ w

z ( 0 > represents the resonance 
z s L(x) 

condition. When a call arrives in cell x, the D C A scheme assigns channel i*, (i* e A(x)), such 

that, 

C x ( i* ) = m i n < 6 A W { C , ( i ) } , ( 3 . 4 ) 

temporarily to cell x. The available channel set A(JC) and the used channel set A(x) are updated 

after channel i* is assigned to cell x. Because channel i* is assigned to cell x, the available 

channel set of cell 3;, A(y), y e I(x), needs to be updated. Figure 3 . 1 shows the flowchart of the 

channel allocation with the channel borrowing and re-assigning strategy. If there is more than one 

candidate channel with the minimum cost, one of them is chosen at random. 

New call arrival/ 
handoff arrival in cell x 

Channel allocation algorithm 

The call is blocked in cell x. 

Figure 3.1: Channel Allocation with Channel Borrowing and Re-assigning Strategy. 
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In Figure 3.1, channel i is assigned to cell x if A(x) is not empty; otherwise, channel j 

borrowed from cell y e I(x) is assigned to cell x by the channel borrowing and re-assigning 

strategy. Unlike the DCA scheme in [10], the call is only blocked if no such channel can be 

borrowed. The channel borrowing and re-assigning strategy is an important component in 

improving the capacity of the cellular communication system because it allows a cell to share a 

channel from its neighboring cells. The channel borrowing and re-assigning strategy is described 

in Section 3.1.2. 

3.1.2 Channel Borrowing and Re-assigning Strategy 

When a call arrives in cell x, a channel chosen from the available channel set A(x) is 

assigned to it by using the channel allocation algorithm. In the DCA scheme described in [10], a 

call in cell x is blocked if cell x has an empty available channel set. Furthermore, the number of 

channels available in I(x) after the channel allocation in cell x is not considered in the DCA 

scheme in [10]. 

The proposed channel borrowing and re-assigning strategy allows cell x to borrow a 

channel from its neighboring cells I(x) when A(x) contains no free channel available. With the 

channel borrowing strategy, a borrowable channel to cell x is generally selected from an adjacent 

cell which has the largest available channel set, by using the channel allocation algorithm. 

Let us consider Figure 3.2 and assume that a new call arrives in cell x and the available 

channel set of cell x is empty. In Figure 3.2(a), cell x may borrow channel i from cell y (first tier 
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cell). However, this causes a violation of co-channel interference constraints because channel i is 

used in cells zx and z 2 , zx, z 2 e I(x). In order to satisfy the co-channel interference constraints, 

the channel re-assigning strategy must be performed in cells zx and z 2 before cell x is allowed to 

borrow channel i. With the channel re-assigning strategy in cells zx and z 2 , the call served by 

channel i is switched to another available channel, j, and channel i is released. After channel i is 

successfully released in cells zx and z 2 , cell x can use channel i which is borrowed from cell y. If 

the channel re-assigning strategy in cells zx and z 2 fails, channel i cannot be borrowed from 

cell y. 

As shown in Figure 3.2(b), cell JC can also borrow a channel from the available channel set 

of its neighboring cells in the second tier. In this case, the maximum number of cells which 

require channel re-assignment is at most three. The flowchart of the channel borrowing and re

assigning strategy is described in Figure 3.3. 

In Figure 3.3, the channel re-assigning strategy is performed in cells D(x) <= I(x) where 

channel i is used in cells D(x). After channel i is switched to channel j e A(z) (cell z e D(x)) 

and channel i is set free, cell x can borrow channel i from cell v. The new call in cell x is blocked if 

the channel borrowing and re-assigning strategy is failed. In the proposed DCA scheme, a channel 

can be used in any cell as long as co-channel interference constraints are satisfied. The capacity of 

the cellular communication is improved because a cell is allowed to borrow a channel from the 

available channel set of its neighboring cells by using the channel borrowing and re-assigning 

strategy. 
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Channel Borrowing and 
Re-assigning Strategy: 

Ch. / Ch.j 

Channel Borrowing and 
Re-assigning Strategy: 

Ch. / Ch.y 

CelU m 

(a) 

Cell.y 
JMlfiiiffllliM 

(^) Interfering cells of cell x 

Interfering cells of cell y 

Interfering cells of cell x 
and cell y 

(b) 

Figure 3.2: Channel Borrowing and Re-assigning Strategy: (a) Borrow from the First Tier Cell, 

(b) Borrow from the Second Tier Cell. 
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Obtain a list of interfering cells 
B(x) c I(x) having non-empty 

available channel set. 

Borrow a channel from 
cell y e B(x) with the largest 
available channel set, A(y). 

Channel borrowing 
strategy is failed. 

Select a borrowable channel, 
from cell y using channel 

allocation algorithm. 

Delete cell y from B(x). 

Obtain a list of interfering cells 
D(x) e I(x) where channel i is 

used in cell z e D(x) 

Channel re-assigning strategy 
is performed in every cell of 

D(x). The call served by 
channel i in cell z s D(x) is 
switched to channel j e A(z) 

and channel i is released. 

-Yes-

Channel borrowing 
strategy is successful. 

Figure 3.3: Channel Borrowing and Re-assigning Strategy. 
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3.1.3 Channel De-allocation Algorithm 

The objective of the channel de-allocation algorithm is to release a channel from the used 

channel set A(x) which becomes available in the greatest number of I(x). Similarly, the cost of 

channel de-allocation is determined by the interfering-cell available channel condition and the 

resonance condition: 

• With the interfering-cell available channel condition, we tend to release a channel to a 

cell which becomes available in the greatest number of interfering cells. 

• With the resonance condition, we tend to release a channel for which the number of 

co-channel cells using that same channel is minimum. 

In the channel de-allocation algorithm, the cost of each used channel j e A(x) due to its 

interfering cell y e. I(x) and its co-channel cell z e L(x) is examined. The overall cost function 

of the channel allocation, RX(J), is defined as 

RXU) = Z bx(yj)+ £ 1-
y e I(x) z e L(x) 

Y / G A(x) 
Vy e I(x) 
Vz e L(x) 

(3.5) 

where bx(y,j) is defined as 

0, if channel j is locked in cell y 
only by the allocation in cell x 

1, otherwise. 

(3.6) 

The first term X bx(y,j) shown in (3.5) examines the availability of channel j in the interfer-
k e I(x) 
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ing cell y e I(x) when channel j is released in cell x. The second term, £ 1 -wz(j), is used to 
Z 6 L(x) 

release a channel with the resonance condition. When a call is terminated, the channel de-alloca

tion algorithm releases a channel which becomes available in the greatest number of its interfer

ing cells. The channel de-allocation algorithm releases channel j* such that 

RXU*) = mmjeA(x){Rx(j)}. (3.7) 

After channel j* is set free in cell x, A(x), A(x), and A(y) are updated. The channel de

allocation algorithm of the proposed DCA scheme is presented in Figure 3.4. A call departure 

occurs when a mobile user is handed off from one cell to its neighboring cell. 

Call termination/call 
departure in a cell 

Channel de-allcation 
algorithm 

* 
( End of channel 

de-allocation strategy 

Figure 3.4: Channel De-allocation Algorithm. 

To simplify the implementation of channel allocation and de-allocation algorithms, A(x), 

A(y), and A(x) are updated only when a new call arrives or a call is terminated. 
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3.2 Summary 

In this chapter, the proposed DCA scheme with channel borrowing and re-assignment was 

presented. The proposed scheme consists of channel allocation, channel de-allocation, and 

channel borrowing and re-assignment. Because the channel borrowing and re-assigning strategy 

allows a cell to borrow a channel from its neighboring cells, it can improve the capacity of the 

cellular system and adapt to changing traffic conditions as well as user distributions. The next 

chapter compares the performance of the proposed DCA scheme to some previously studied 

channel assignment schemes. 
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In this chapter, computer simulation results of the performance of the proposed DCA 

scheme are presented. The results are in terms of blocking probabilities with uniform and non

uniform traffic distributions. We also investigate the effects of operational parameters used in the 

cost functions of the channel allocation and de-allocation algorithms in order to simplify the 

proposed scheme. The results are also compared with those of some previously studied channel 

assignment schemes. 

4.1 Simulation Model 

The simulation model consists of a parallelogram-shaped network of hexagonal cells, call 

arrival and call duration models, and channel allocation and de-allocation algorithms. Mobile 

calls arrive at random to a cell in the cellular network according to a Poisson process. When a call 

arrives at a cell, the channel allocation algorithm of the proposed DCA scheme is applied to 

assign a channel to the call. In the simulation model, call durations are assumed to be independent 

and exponentially distributed. The channel de-allocation algorithm is performed whenever the 

call is terminated in the cell or the call is handed off to another cell. 

4.1.1 Cellular System Layout 

In order to investigate the performance of the proposed DCA scheme, a cellular system 

which contains 49 hexagonal cells is used for the computer simulation. Figure 4.1 shows the 

31 
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parallelogram-shaped cellular network of hexagonal cells [7, 8, 10, 15]. Each side of the parallel

ogram-shaped network contains 7 cells while the edge of each hexagonal cell is of length R. In our 

simulation, parameters i and j are chosen to be 2 and 1 respectively so that from (2.4), the 

frequency reuse factor iV is 7. The distance between two nearest co-channel BS's obtained from 

(2.3) is D = Jl\R. Once channel i is allocated to cell x, it cannot be reused in two tiers of cells 

adjacent to cell x because of unacceptable co-channel interference levels. 

Figure 4.1: Cellular System for Simulation of the Proposed DCA Scheme. 

In the 49 hexagonal cell network, only the central 9 cells have a complete set of interfering 

cells (i.e., the total number of interfering cells =18) which consists of two tiers of neighboring 

cells (i.e., N = 7). Cells which have an incomplete set of interfering cells generally have a lower 

blocking probability than the central 9 cells. For the simulation, the total number, M, of available 

channels is 70. 
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4.1.2 Call Arrival and Call Duration Models 

The arrival of calls follows a Poisson process and the call duration is exponentially distrib

uted with a mean of Tm. To examine the performance of the proposed DCA scheme, computer 

simulations of call arrival and call duration models are used with the following parameters: 

• New call arrivals in any hexagonal cell form a Poisson process with a mean call arrival 

rate Xn while handoff calls arrive with a mean handoff call arrival rate Xh . 

• The call duration x is exponentially distributed with an expected value of Tm = -

and the mean outgoing handoff rate per calling mobile is \ih. 

The mean call arrival rate in a cell is the sum of the new call arrival rate and handoff call 

arrival rate 

\ = K + h C4-1) 

while the mean call departure rate is the sum of the rates due to terminations from call comple

tions and handoffs 

The new arrival traffic intensity per cell and total traffic intensity per cell are defined as XnTm and 

K 
— respectively. In our simulation, the mean call duration time, Tm, is assumed to be 2 minutes. 
H7 
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4.1.3 Performance Measures for Channel Assignment Schemes 

The performance of the proposed DCA scheme will be evaluated through the new call 

blocking probability, the handoff blocking probability, the dropped call probability, and the total 

call blocking probability. These four blocking probabilities are obtained using the following 

formulas: 

(1) New call blocking probability (Pbn ) 

p _ number of new calls blocked in the cell ^\ 
b n total number of calls generated in the cell 

(2) Handoff blocking probability (Pbh) 

p _ number of handoff failures in the cell 
b h total number of handoff attempts in the cell 

(3) Dropped call probability (Pdc) 

p _ number of handoff failures in the cell ,^ ^ 
d c total number of calls generated in the cell 

(4) Total call blocking probability (Pb) 

p _ number of new calls blocked + number of handoff failures in the cell 
b total number of calls generated in the cell (4.6) 

In this chapter, the performance of the proposed DCA scheme is evaluated assuming that a 

mobile stays in the same cell throughout the duration of a call. In this case, the cellular system has 

no handoffs or handoff failures, and thus Pbn is the same as Pb. The simulation results of the 

proposed scheme with possible handoffs are presented in Chapter 5. The simulation results 
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presented in this chapter have 99% confidence intervals of at most ±7% of the values shown. For 

traffic intensity values greater than 8, the 99% confidence intervals are at most ±5%. 

4.2 Operational Parameters for Channel Allocation and De-allocation 

To develop the simplified DCA scheme, we examine the operational parameters for the 

channel allocation and de-allocation algorithms. In this section, the effects of nominal channel 

condition and the resonance condition on the proposed DCA scheme are investigated. 

4.2.1 Nominal Channel Condition 

In [10], the nominal channel condition is applied in the channel allocation and de-alloca

tion algorithms. The DCA scheme in [10] initially allocates a set of nominal channels FD(x) to 

each cell x. With the nominal channel condition, we tend to assign channel i to cell x where 

channel i belongs in FD(x). To examine the effect of the nominal channel condition, the channel 

allocation and de-allocation cost functions shown in (3.1) and (3.5) are modified by adding a term 

for the nominal channel condition. The modified channel allocation and de-allocation cost 

functions are as follows 

Vr e A(x) 
Vy e I(x) 

(4.7) 

Nominal Channel Condition 
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*;(/') = RXV) + j 1 - qxif) + Z oiqy(f) 
V y e I(x) 

(4.8) 

Nominal Channel Condition 

where qx(i) and <fy(0 are defined in (2.8). The constant coefficient a is the weight of the 

nominal channel condition in the channel allocation and de-allocation cost functions. The channel 

allocation algorithm uses (2.11) to assign a channel to a cell while (2.16) is applied in the channel 

de-allocation algorithm for releasing a channel. To study the effects of nominal channel 

condition, three values of a are examined in terms of new call blocking probability. The new call 

blocking probabilities of the central 9 cells as well as all 49 cells with three values of a are shown 

in Figures 4.2 and 4.3 respectively. 

u 

0.2 

0.18 

0.16 

0.14 

0.12 

0.1 

0.08 

0.06 

0.04 |-

0.02 

0 

a = 0 

a = 1 

_a = 2 

3 Curves 

7 8 9 

New Arrival Traffic Intensity per Cell 

10 

Figure 4.2: Simulation Results of New Call Blocking Probability, Pbn, (averaged over central 

9 cells) for the Proposed DCA Scheme with (i) a = 0, (ii) a = 1, and (iii) a = 2. 
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a = 0 0.12 
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« 0.08 

S 0.06 

0.04 
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New Arrival Traffic Intensity per Cell 

Figure 4.3: Simulation Results of New Call Blocking Probability, Pbn, (averaged over 49 cells) 

Figures 4.2 and 4.3 show that the nominal channel condition (i.e., the weight factor a > 0 ) 

does not improve Pbn of the central 9 cells or of all 49 cells. The simulation results illustrate the 

interfering-cell available channel condition is one of the important factors for the channel alloca

tion and de-allocation algorithms. In order to simplify the proposed DCA scheme, it is suggested 

that the nominal channel condition can be omitted from the cost functions of the channel alloca

tion and de-allocation algorithms. 

4.2.2 Resonance Condition 

As mentioned in Section 2.2.4, the channel allocation and de-allocation cost functions of 

the DCA [10] scheme only consists of the interfering-cell available channel condition and the 

for the Proposed DCA Scheme with (i) a = 0, (ii) a = 1 , and (iii) a = 2. 
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nominal channel condition. The simulation results presented in the previous section demonstrate 

that the interfering-cell available channel condition is one of the important factors for channel 

allocation and de-allocation algorithms. In this section, the effect of the resonance condition on 

the proposed DCA scheme is examined in order to improve the call blocking probability and 

increase the traffic capacity. With the resonance condition, we tend to assign the same channels to 

cells which are at the minimum reuse distance, D, apart. The modified channel allocation and de

allocation cost functions, which are used to validate the performance of the proposed scheme with 

the resonance condition, are given by 

V/ e A(x) 
C / ( 0 = Z v / 0 + X Pwz(/), \/y g / ( X ) (4.9) 

y 6 /(*) z e L(x) V z e 

Vy e A(x) 
*;'(/)= X bx(y,j)+ Z P[l-w 2(/)], Vyel(x) (4-10) 

y e /(*) z 6 L{x) V z g ^ 

where P is a coefficient term for the resonance condition in the channel allocation and de-alloca

tion cost functions. To study the effect of the resonance condition, computer simulations of the 

proposed DCA scheme with different values of P were run. Figures 4.4 and 4.5 show the new call 

blocking probability of the central 9 cells and all 49 cells with different values of p. 
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0.25 

New Arrival Traffic Intensity per Cell 

Figure 4.4: Simulation Results of New Call Blocking Probability, Pbn, (averaged over central 
9 cells) for the Proposed DCA Scheme with (i) p = 0, (ii) (3=1, (iii) p = 3, and (iv) p = 4. 

7 8 9 

New Arrival Traffic Intensity per Cell 

10 

Figure 4.5: Simulation Results of New Call Blocking Probability, Pbn, (averaged over 49 cells) 
for the Proposed DCA Scheme with (i) p = 0, (ii) p = 1, (iii) p = 3, and (iv) p = 4. 
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In Figure 4.4, cost functions Cx"(i) and Rx"(j) with P > 0 has a lower new call blocking 

probability of the central 9 cells than the functions with p = 0. As seen in Figure 4.5, the increase 

in the coefficient p does not improve the new call blocking probability in all of the 49 cells. 

Figures 4.4 and 4.5 show that the blocking probabilities of the central 9 cells and all 49 cells are 

not improved where the coefficient p is increased from 1 to 4. For the sake of simplicity, we 

choose the coefficient P to be 1 for channel allocation and de-allocation cost functions. In 

summary, the interfering-cell available channel condition and the resonance condition are two 

important operational parameters for the proposed DCA scheme. 

4.3 Results and Discussions 

Simulation results of the proposed DCA scheme are presented in terms of call blocking 

probabilities. The proposed scheme is then compared to some previously studied channel assign

ment schemes. The results shown in the previous section indicate that two important operational 

parameters for channel allocation and de-allocation algorithms are the interfering-cell available 

channel condition and the resonance condition. To compare the proposed scheme with other 

channel assignment schemes, the simulated cellular system with 49 hexagonal cells (as shown in 

Figure 4.1) is used. As described in Section 4.1.2, the same call arrival and call departure models 

are used in the computer simulation of all channel assignment schemes. The arrival of calls is a 

Poisson process and the call duration is exponentially distributed with a mean of 2 minutes. The 

comparison between the proposed scheme and other channel assignment schemes are performed 

for both uniform and non-uniform traffic distributions. In Chapter 5, simulation results of the 

proposed scheme with handoffs as well as comparison with other schemes are presented. 
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4.3.1 Uniform Traffic Distribution 

In this section, simulation results of the proposed DCA scheme and comparison with other 

channel assignment schemes for a uniform traffic distribution are shown. In the uniform traffic 

distribution, all cells have the same new call arrival rate. To examine the performance of the 

proposed scheme, the simulation results of the proposed scheme are first compared with the FCA 

[1], the BDCL [7], the CP-DC A [8], the DCA [10] schemes in terms of blocking probabilities for 

the central 9 cells and all 49 cells in the uniform traffic distribution. As shown in [7], the SB 

scheme and the BCO scheme always give a higher blocking probability than the BDCL scheme. 

Therefore, their performances are not shown in our comparison. Figures 4.6 and 4.7 show the 

simulation results of the new call blocking probability for the central 9 cells and all 49 cells 

obtained by different channel assignment schemes. 

0.25 , , 

New Arrival Traffic Intensity per Cell 

Figure 4.6: New Call Blocking Probability, Pbn, (averaged over central 9 cells) with Uniform 
Traffic Distribution. 

The simulation results of FCA scheme agree with the Erlang B formula while the results 
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of the BDCL and the DCA [10] schemes agree with the values in [7, 8, 10]. From Figure 4.6, in a 

uniform traffic distribution, the proposed DCA scheme gives the lowest blocking probability for 

the central 9 cells, followed by the BDCL, the DCA [10], and the FCA schemes. At a traffic 

intensity of 10, the blocking probabilities of the central 9 cells are 18.5%, 21.5%, 20%, and 21.5% 

for the proposed DCA scheme, DCA [10], the BDCL, and the FCA schemes respectively. By 

adding the resonance condition as well as the channel borrowing and re-assigning strategy, the 

proposed scheme performs better than the DCA scheme shown in [10]. As seen in Figure 4.6, the 

DCA [10] scheme does not perform better than the BDCL scheme under the uniform traffic distri

bution when the traffic intensity per cell is greater than 9. The resonance condition and the 

channel borrowing and re-assigning strategy in the proposed scheme improve the blocking 

probability of the central 9 cells which have a complete set of interfering cells. The proposed 

scheme can give a lower blocking probability than the FCA, the BDCL, and the DCA [10] 

schemes when the cellular system contains more than 49 hexagonal cells. As a result, the channel 

borrowing and re-assigning strategy reduces the call blocking probability because it allows a cell 

to borrow a channel from the available channel set of its neighboring cells. 
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0.25 

New Arrival Traffic Intensity per Cell 

Figure 4.7: New Call Blocking Probability, Pbn, (averaged over 49 cells) with Uniform Traffic 
Distribution. 

Figure 4.7 shows the simulation results of Pbn with a uniform traffic distribution for the 

FCA, the BDCL, the CP-DC A, the DCA [10], and the proposed DCA schemes where the Pbn is 

averaged over all 49 cells. The simulation results demonstrate that the proposed DCA scheme has 

the lowest blocking probability1. Under heavy traffic conditions (i.e., the traffic intensity is 10), 

the new call blocking probabilities are 11.7%, 12.5%, 13.5%, 14.4%, and 21.5% for the proposed 

DCA scheme, the DCA [10], the CP-DCA, the BDCL, and the FCA schemes respectively. 

After most of this research work was completed, we found a paper [16] describing a channel assignment 
scheme based on the B D C L scheme which has similar performance to our proposed scheme. 
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4.3.2 Call Blocking Distribution 

For the simulation, a 49 hexagonal cell cellular network is used so that only the central 9 

cells have a complete set of interfering cells (i.e., 18 interfering cells). Because the number of 

interfering cells for each cell may not be the same, each cell may have a different call blocking 

probability in a uniform traffic distribution. Cells which have an incomplete set of interfering 

cells generally have a lower blocking probability than the central 9 cells. In order to study the call 

blocking distribution, we measure the average blocking probabilities of different tier cells with a 

uniform traffic distribution. Figure 4.8 shows a parallelogram shaped cellular network contains 

three tiers of cells. The simulation results of call blocking probability for three tiers are presented 

in Figure 4.9. 

Figure 4.8: Parallelogram-shaped Cellular Network with Three Tiers. 
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Figure 4.9: Total Call Blocking Probability, Pb, for Three Different Tier Cells with Uniform 
Traffic Distribution. 

As shown in Figure 4.9, the proposed DCA scheme significantly improves the blocking 

probability for the first tier cells. It also has the lowest average blocking probability in the second 

tier cells. On the other hand, it performs similarly to the DCA [10] scheme in the third tier cells. 

Therefore, the addition of the resonance condition and the channel borrowing and re-assigning 

strategy in the proposed scheme can reduce the blocking probabilities for the first and second tier 

cells in the 49 cell network. 
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4.3.3 Non-uniform Traffic Distribution 

In practice, the traffic distribution of the cellular system may be non-uniform and depends 

on the distribution of mobile users. The cellular system being simulated consists of 49 hexagonal 

cells as shown in Figure 4.1. Traffic distribution patterns A [7] and B [8] are used to study the 

performance of the proposed DCA scheme with non-uniform traffic distributions. Figure 4.10 

shows two cases of non-uniform traffic load where the numbers in the cells represent the Poisson 

arrival rates (calls/hour) in the respective cells. The call arrival rates range from 20 to 

200 calls/hour. 

(a) (b) 

Figure 4.10: Non-uniform Traffic Distribution (calls/hour) in a 49-Cell System: (a) Traffic 
Distribution Pattern A, (b) Traffic Distribution Pattern B. 

The proposed DCA scheme and other channel assignment schemes are simulated by 

changing the traffic load of the cellular system. The traffic rate for each cell is increased by 0 to 

100 percent over the base load which corresponds to an average call arrival rate per cell of 

150 calls/hour (i.e., the new arrival traffic intensity per cell is 5). The simulation results are 

summarized in Figure 4.11 for Pattern A and in Figure 4.12 for Pattern B. 
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Figure 4.11: New Call Blocking Probability, Pbn, (averaged over 49 cells) with Non-uniform 
Traffic Distribution Pattern A. 

Figure 4.12: New Call Blocking Probability, Pbn, (averaged over 49 cells) with Non-uniform 
Traffic Distribution Pattern B. 
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In Figures 4.11 and 4.12, the results for the FCA scheme is obtained from the Erlang B 

formula while the simulation results for the BDCL scheme agree with values in [7, 8]. The results 

show that the proposed DCA scheme gives the lowest blocking probability, followed by the DCA 

[10], the BDCL and the FCA schemes. In Figure 4.11, at the base load, the FCA scheme has a 

blocking probability of 7% while the other three schemes have negligible blocking. Under heavy 

traffic conditions (100% above the base load), the blocking probabilities are 14.0%, 15.0%, 

18.8%, and 29.6% for the proposed DCA, the DCA [10], the BDCL, and the FCA schemes 

respectively. With the traffic distribution pattern B, Figure 4.12 shows that the blocking probabil

ity of the proposed scheme is again lower than those of the other three channel assignment 

schemes. Hence, the proposed DCA scheme has a better performance than the other three channel 

assignment schemes for both uniform and non-uniform traffic distributions. 

4.4 Summary 

Simulation results for the proposed DCA scheme were presented and compared with 

results for other channel assignment schemes. The effects of operational parameters used in the 

channel allocation and de-allocation cost functions were also examined. It was found that the two 

important parameters used in cost functions are the interfering-cell available channel condition 

and the resonance condition. For both uniform and non-uniform traffic distributions, the proposed 

DCA scheme has the lowest average blocking probability in the central 9 cells and all 49 cells. 

Furthermore, the addition of the resonance condition as well as the channel borrowing and re

assigning strategy in the proposed scheme can significantly reduce the blocking probability of the 

central 9 cells which have a complete set of interfering cells. 
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When an MS crosses a cell boundary while a call is in progress, a handoff is needed to 

transfer the call to a new channel available to the new BS. The handoff operation may be caused 

by radio link degradation and is performed when the link quality between the MS and the BS falls 

below an acceptable threshold level. The handoff results in overhead associated with assigning 

and re-assigning communication channels. As cell sizes are reduced for future microcellular 

systems, mobiles will cross cell boundaries more frequently and the handoff rate will increase so 

that handoff management will become a more important task. In order to provide high quality and 

reliable wireless services, handoffs must be successfully performed and be imperceptible to 

mobile users. 

In Chapter 4, the performance of the proposed DCA scheme was compared to some 

previously studied channel assignment schemes assuming that the MS stays in the same cell 

throughout the duration of a call. To take into account the effect of call handoffs, two mobility 

models are used in this thesis to study the performances of the proposed scheme and other channel 

assignment schemes. In this chapter, we first describe these two mobility models and present 

approximate and simulation results for blocking probabilities obtained with the FCA scheme and 

these two mobility models. We then examine the performance of the proposed scheme through 

computer simulations and compare it to some previously studied channel assignment schemes 

with these mobility models in both uniform and non-uniform traffic distributions. We also study 

the effect of the MS maximum speed on the call blocking distributions in the 49 hexagonal cell 

network. 

49 
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5.1 Mobility Models 

Mobility models, which are used to determine the handoff blocking probability for mobile 

users, are very important in the performance analysis of cellular networks. Thomas et al. assume 

that an MS moves in a straight line with a random speed and an independent direction [17]. In the 

mobility model described in [18], the MS changes its speed and direction randomly when it 

crosses a cell boundary. 

In these mobility models, an BS has signal coverage in a cell of radius R and mobiles are 

uniformly distributed in the cellular system with a uniform traffic distribution. As described in 

Section 4.1.2, the call arrival process is Poisson with the same mean arrival rate in all the hexago

nal cells while the call duration is random and exponentially distributed. In this thesis, the follow

ing two mobility models are used for the performance analysis of the cellular network. Figure 5.1 

show mobile motion examples in Mobility Model A and B. 

(1) Mobility Model A [17] 

The speed and direction of an MS are independent random variables. The MS moves in a 

straight line without changing its speed and direction. The speed and direction are uniformly 

distributed in (0, Vmax) and (0, 2n) respectively where Vmax is the maximum speed of the MS. 

See Figure 5.1(a). 

(2) Mobility Model B [18] 

The speed and direction of an MS are independent random variables. The speed and 

direction are regenerated randomly and independently when the MS crosses a cell boundary. The 

new direction is uniformly distributed in I —, -1 relative to the normal direction of the boundary 
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entering the new region. See Figure 5.1(b). 

51 

Figure 5.1: Mobile Motion Examples: (a) Mobility Model A, (b) Mobility Model B. 

In Mobility Model A described in [17], the mean boundary crossing rate per mobile, \ib, 

in an arbitrary cell in terms of mean vehicle speed E[F] is given by 

E[V\L 
TlA 

(5.1) 

where A and L are the area and the perimeter length of the circular-shaped cell respectively. The 

parameters A and L are given by 

A = nR (5.2) 

L = 2nR, (5.3) 

The mean handoff rate per calling mobile \ih can be approximated by \ib [19], i.e. 

E[V\L _ 2E[V] 
TtA TiR 

(5.4) 

Thus, the mean call departure rate due to terminations from call completions and handoffs is 
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^ 2 £ [ F ] . . . . 
u, = u + nh * u + . (5.5) 

It is shown in [20] that (5.5) provides a good approximation of the mean call departure rate for 

Mobility Model A and B. 

5.2 Handoff Model 

The simulation model described in Section 4.1 is used to examine the performances of the 

proposed DCA scheme and some previously studied schemes. For the simulation involving 

handoffs, the cell boundary is assumed to be circular. An MS in cell x is only handed off to a 

neighboring cell when the distance between the MS and the BS of cell x exceeds R. When the MS 

reaches the system boundary, it is assumed to stay in the same cell until the call is terminated. In 

practice, the MS location and the link measurement between the MS and the BS are frequently 

updated and the handoff is performed immediately when the measurement falls below an accept

able threshold level. However, the frequent MS location updates will result in increased execution 

time. To simplify the simulation, the MS location is only updated whenever a new call arrives in a 

cell. 

5.3 F C A Blocking Probability with Mobility Model A and B 

In this section, we approximate the total call blocking probability Pb for the FCA scheme 

to investigate the characteristics of Mobility Model A and B. The average number of handoffs per 

successful call is obtained from simulations to approximate Pb for the FCA scheme with these 
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mobility models1. Figure 5.2 shows a Markov chain state diagram for the FCA scheme with 

handoffs. 

h = ^ + hi 2 h 3 h ( s _ *)h Snt 

Xn = New call arrival rate 
Xh = Handoff arrival rate 
u = Call departure rate due to a call completion 
\xh = Call departure rate due to the handoff 

Figure 5.2: Markov Chain State Diagram for FCA Scheme. 

In Figure 5.2, the number associated with each state corresponds to the number of 

channels used in the cell where each cell has S nominal channels. The blocking probability of call 

channel requests (i.e., new call arrival or handoff arrival), Pb', for the FCA scheme can be 

obtained using the Erlang B formula [2] which is given in (2.6). The approximation of mean 

handoff rate of calling mobile yih is shown in (5.1). In [19], the handoff arrival rate Xh is given as 

a function of \ih and the expected number of calls in a cell as 

Xh = E[cd\\s]\ih (5.6) 

where E[calls] is given by 

A new call is successful i f it is not blocked and all required handoffs are successful. 
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S 

£[calls] = 2 iPi. (5.7) 
i= 1 

The probability p • that z channels are occupied in the cell is 

pi = prob{*' channels are busy} Po (5-8) 

where />0 is given by 

, = o z V 

Given that A,n, \i, and , is solved iteratively using (2.6, 5.6 to 5.9) to calculate the 

blocking probability for the FCA scheme. Figure 5.3 shows a flowchart for approximating Xh and 

Pb'. In (5.5), the mean handoff rate assumes that when an MS leaves its current cell, it goes to one 

of its 6 neighboring cells. In the simulation, a 49 hexagonal cell network is used so that some of 

the cells may not have 6 neighboring cells. As shown in Figure 4.1, the number of cells with 2, 3, 

4, and 6 neighboring cells are 2, 2, 20, and 25 respectively. To calculate the average handoff rate 

per cell, we adjust the mean handoff rate using the average number, yVc, of the neighboring cells 

per cell which is as follows 

Nc = JL(2 x2 + 2x3+20x4 + 25 x6) = 4 4 i cells. (5.10) 
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Initialize £[calls] 

Calculate X, with (5.6) 

Calculate p, with (5.8) 
and (5.9) 

Obtain £[calls]' by substituting 
pt into (5.7) 

£[calls] = £[calls]' 

Figure 5.3: Approximation of Handoff Arrival Rate Xh and Blocking Probability of Call Channel 

Requests Pb'. 

The adjusted mean handoff rate, \xh', is given by 

3nR 
(5.11) 

In Figure 5.3, the adjusted mean handoff rate is used to estimate the handoff arrival rate with 

_9 

(5.6). The value of 5 is chosen to be 10 . The Erlang B formula in (2.6) assumes that call 

requests are memoryless and the inter-arrival times of call requests are independent of each other. 

Moreover, new call and handoff arrival rates are assumed to be a Poisson process. On the other 

hand, handoff arrival rates for both mobility models are not a Poisson process and are dependent 

on the speed and direction of the calling MS. Hence, we approximate blocking probabilities for 
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both mobility models with the average channel requests of calling mobiles due to new call arrivals 

and handoffs. The average number of channel requests for a new call arrival is 1. Let h( V) denote 

the average number of handoffs per successful call. The average number of channel requests for 

each calling mobile is given by 

E[channel requests for each calling mobile] = I + h(V) . (5.12) 

The average number of handoffs per successful call h(V) was obtained from simulations. For the 

simulation, the MS speed Vis uniformly distributed in (0, Vmax) and the cell radius R is chosen to 

be 1 km. Figures 5.4 and 5.5 show the average number of handoffs per successful call as a 

function of MS maximum speed. In this chapter, the 99% confidence interval associated with 

each simulation point is within ±5% of the average values plotted. 

1 

> 0 20 40 60 80 100 120 

MS Maximum Speed (km/hr) 

Figure 5.4: Average Number of Handoffs per Successful Call as a Function of MS Maximum 
Speed with Mobility Model A. 
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Figure 5.5: Average Number of Handoffs per Successful Call as a Function of MS Maximum 

Speed with Mobility Model B. 

As shown in Figures 5.4 and 5.5, the average number of handoffs per successful call 

increases with the MS maximum speed, Vmax, where the MS speed is uniformly distributed in 

(0, Vmax). The average number of handoffs per successful call for Mobility Model A and B with 

no handoff failures are given by 

h(V) = 
0.0065 V for Mobility Model A and Pbh = 0 

0.0062 V for Mobility Model B and Pbh = 0. 
(5.13) 

The average number of handoffs per successful call for Mobility Model A is slightly higher than 

for Mobility Model B. The slight difference in the average number of handoffs per successful call 

may be caused by the regeneration of the MS speed and direction in Mobility Model B when the 

MS crosses a cell boundary. Given the average number of handoffs per successful call function 
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h(V) for Mobility Model A and B, the total call blocking probability, Pb, for the FCA scheme is 

given by 

Pb = 1 - prob{new call arrival is not blocked} • probjno handoff failure} 

= l-(l-Pb')1 •(l-Pb')hin (5.14) 

= i-a-pb<y+Hy). 

The approximate total call blocking probability obtained by (5.13) and (5.14) are compared with 

the simulation results. The handoff model described in Section 5.2 is used for examining the 

performance of the FCA scheme. Figures 5.6 and 5.7 show approximate and simulation results of 

the total call blocking probability for the FCA scheme as a function of MS maximum speed 

ranging from 0 to 120 km/hr. The approximate and simulation results are in good agreement with 

a difference between approximate and simulation results of at most ±7%. 
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Figure 5.6: Approximate and Simulation Results for Total Call Blocking Probability, Pb, for the 
FCA Scheme (averaged over 49 cells) with Mobility Model A. (a) Vmax = 20 km/hr, 

(b) Vm&x = 4 0 k 1 ^ , (c) ^max = 60 km/hr, (d) F m a x = 80 km/hr, (e) Vmax = 100 km/hr, 
(f) K m a x = 120 km/hr. 
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Figure 5.7: Approximate and Simulation Results for Total Call Blocking Probability, Pb, for the 
FCA Scheme (averaged over 49 cells) with Mobility Model B. (a) F m a x = 20 km/hr, 

(b) ^max = 40 knVhr, (c) F m a x = 60 km/hr, (d) Vmax = 80 km/hr, (e) F m a x = 100 km/hr, 
(f)Fmax=120kir^hr. 
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5.4 Results and Discussions 

In this section, we study the performance of the proposed DCA scheme with two mobility 

models: Mobility Model A and B. Simulation results of the proposed scheme with mobility are 

presented in uniform and non-uniform traffic distributions and then compared to some previously 

studied channel assignment schemes. 

5.4.1 Uniform Traffic Distribution 

The handoff management of a channel assignment scheme impacts the performance of the 

cellular system. Handoff operations must be performed successfully and as infrequently as 

possible, and be imperceptible to mobile users. In this section, the simulation results of the 

proposed DCA scheme and the comparison between the proposed scheme and some previously 

studied channel assignment schemes with mobility and uniform traffic distribution are presented. 

The two mobility models described in Section 5.1 are used to examine the capacity and reliability 

of mobile services in terms of the new call blocking probability, the handoff blocking probability, 

the dropped call probability, and the total call blocking probability. 

The new call arrival process is Poisson and the call duration is exponentially distributed 

with a mean of 2 minutes. For the simulation, the cell radius is 1 km and a call is randomly 

generated in one of the 49 cells with a uniform traffic distribution where its speed and direction 

are uniformly distributed in (0, Vmwf) and (0, 2n) respectively. Figures 5.8 to 5.15 show the 

results of the new call blocking probability, the handoff blocking probability, the dropped call 

probability, and the total call blocking probability of the central 9 cells and all 49 cells with 
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Mobility Model A where the MS maximum speeds are 60 and 120 km/hr respectively. 
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Figure 5.8: New Call Blocking Probability, Pbn, (averaged over central 9 cells) with Mobility 
Model A. (a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 
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Figure 5.9: Handoff Blocking Probability, Pbn, (averaged over central 9 cells) with Mobility 
Model A. (a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 
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Figure 5.10: Dropped Call Probability, Pdc, (averaged over central 9 cells) with Mobility Model 
A - ( a ) ^max = 6 0 km/hr, (b) Vmax = 120 km/hr. 

Figure 5.11: Total Call Blocking Probability, Pb, (averaged over central 9 cells) with Mobility 
Model A. (a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 
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Figure 5.12: New Call Blocking Probability, Pbn, (averaged over 49 cells) with Mobility 
Model A. (a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 
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Figure 5.13: Handoff Blocking Probability, Pbn, (averaged over 49 cells) with Mobility Model A. 
(a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 
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Figure 5.14: Dropped Call Probability, Pdc, (averaged over 49 cells) with Mobility Model A. 
(a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 
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Figure 5.15: Total Call Blocking Probability, Pb, (averaged over 49 cells) with Mobility Model A. 
(a) Vmax = 6 0 km/hr, (b) Vmax = 120 km/hr. 

Figure 5.8 shows the proposed DCA scheme performs better in the new call blocking 

probability of the central 9 cells than other channel assignment schemes when the new arrival 

traffic intensity is less than 10. At a traffic intensity of 10, the new call blocking probability for 

the proposed scheme at 60 and 120 km/hr are 16.4% and 12.2% respectively which are slightly 



Chapter 5 Performance Results with Handoff 66 

higher than the BDCL scheme (16.1% and 11.6%). In Figure 5.9 and 5.10, the proposed DCA 

scheme always gives the lowest handoff blocking probability and dropped call probability for the 

central 9 cells, followed by the DCA [10], the BDCL and the FCA schemes. Handoff blocking 

and dropped call probabilities for the BDCL and the DCA [10] schemes (at both 60 and 

120 km/hr) are approximately two times higher than the proposed scheme. The higher dropped 

call probability results in a lower blocking probability of new call attempts since more calls are 

dropped. Therefore, the BDCL scheme performs slightly better in terms of the new call blocking 

probability than the proposed scheme. The simulation results presented in Figures 5.9 and 5.10 

show that the channel borrowing and re-assigning strategy provides lower handoff blocking and 

dropped call probabilities. As shown in Figure 5.11, the proposed scheme gives the lowest total 

call blocking probability of the central 9 cells. 

Figures 5.12 to 5.15 illustrate the new call blocking probability, the handoff blocking 

probability, the dropped call probability, and the total call blocking probability of all 49 cells with 

Mobility Model A at MS maximum speeds of 60 and 120 km/hr respectively. As presented in 

Figures 5.12 to 5.14, the new call blocking probability of the proposed DCA scheme is slightly 

worse than the DCA [10] scheme but it has the lower handoff blocking probability and dropped 

call probability. The simulation results presented in Figure 5.14 show that the dropped call 

probability of all 49 cells is increased as the MS maximum speed increases. Because the new call 

blocking probability is correlated with the handoff blocking probability and the dropped call 

probability, the increase in handoff failures can reduce the number of new calls blocked. 

Figure 5.15 indicates that the proposed DCA scheme always gives the lowest total call blocking 

probability. In Figures 5.11 and 5.15, the total call blocking probabilities of all four channel 

assignment schemes are lower at the higher MS maximum speed. 
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To study the performance of the channel assignment schemes, we simulate these schemes 

with Mobility Model B at MS maximum speeds of 60 and 120 km/hr respectively. The simulation 

results for Mobility Model B of the new call blocking probability, the handoff blocking probabil

ity, the dropped call probability, and the total call blocking probability of the central 9 cells and 

all 49 cells are presented in Figures 5.16 to 5.23. 

New Arrival Traffic Intensity per Cel l New Arrival Traffic Intensity per Cel l 

(a) (b) 

Figure 5.16: New Call Blocking Probability, Pbn, (averaged over central 9 cells) with Mobility 
Model B. (a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 

New Arrival Traffic Intensity per Ce l l New Arrival Traffic Intensity per Cel l 

(a) (b) 

Figure 5.17: Handoff Blocking Probability, Pb^, (averaged over central 9 cells) with Mobility 
Model B. (a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 
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Figure 5.18: Dropped Call Probability, Pdc, (averaged over central 9 cells) with Mobility 
Model B. (a) F m a x = 60 krn/hr, (b) F m a x = 120 km/hr. 

Figure 5.19: Total Call Blocking Probability, Pb, (averaged over central 9 cells) with Mobility 
Model B. (a) F m a x = 60 km/hr, (b) Vmax = 120 km/hr. 
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Figure 5.20: New Call Blocking Probability, Pbn, (averaged over 49 cells) with Mobility 
Model B. (a) Vmax = 60 km/hr, (b) Vmax = 120 km/hr. 

Figure 5.21: Handoff Blocking Probability, Pbh, (averaged over 49 cells) with Mobility Model B. 
(a) ^max = 60 km/hr, (b) Vmax = 120 l<m/hr. 
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New Arrival Traffic Intensity per Ce l l New Arrival Traffic Intensity per Cel l 

(a) (b) 

Figure 5.22: Dropped Call Probability, Pdc, (averaged over 49 cells) with Mobility Model B. 
(a) F m a x = 60 km/hr, (b) F m a x = 120 km/hr. 

6 7 8 9 10 6 7 8 9 10 
New Arrival Traffic Intensity per Cel l New Arrival Traffic Intensity per Cel l 

(a) (b) 

Figure 5.23: Total Call Blocking Probability, Pb, (average over 49 cells) with Mobility Model B. 
(a) Vmax = 60 km/hr, (b) F m a x = 120 km/hr. 

Figures 5.16 to 5.23 show that the simulation results with Mobility Model B are similar to 

the results with Mobility Model A. As shown in Figures 5.16 and 5.18, the new call blocking 

probability of the BDCL scheme for the central 9 cells is slightly lower than the proposed DCA 

scheme because the BDCL scheme has a higher dropped call probability. The proposed scheme 
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always gives the lowest handoff blocking probability and total call blocking probability of the 

central 9 cells and all 49 cells followed by the DCA [10], the BDCL, and the FCA schemes. With 

the channel borrowing and re-assigning strategy, the proposed scheme can significantly reduce 

the number of handoff failures so that the good quality mobile services are provided. From 

Figure 5.22, it can be seen that, as in the case of Mobility Model B, an increase in the MS 

maximum speed increases the dropped call probability. Figures 5.8 to 5.23 demonstrate that the 

new call blocking probability and the handoff blocking probability with Mobility Model A are 

slightly lower than with Mobility Model B. The slight difference between these two mobility 

models may be caused by the regeneration of the MS direction and speed when the MS crosses a 

cell boundary in Mobility Model B. 

The BS has a circular signal coverage area and the handoff operation is only performed 

when the distance between the MS and the BS is greater than R. In our simulation, we assume that 

the cell boundary is a circle with a radius of R. As the circular signal coverage area is slightly 

larger than the hexagonal area, we also simulated the channel assignment schemes with the 

hexagonal cell boundary. The simulation results demonstrate that the difference between circular 

and hexagonal cell boundaries in terms of blocking probabilities are at most ±5%. Because of the 

small difference in results between circular and hexagonal cell boundaries, the cell boundary is 

assumed to be a circle of radius R in order to simplify the computer simulations. 

5.4.2 Call Blocking Distribution 

In this section, computer simulations are performed with three different MS maximum 
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speeds to study the effect of the MS maximum speed on the call blocking distributions in different 

tier cells (See Figure 4.8). Figures 5.24 to 5.26 show the simulation results of proposed DCA 

scheme with Mobility Model A. The simulation results of the proposed DCA scheme are 

examined with a uniform traffic distribution at MS maximum speeds of 20, 60, and 120 km/hr 

respectively. 
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Figure 5.24: New Call Blocking Probability, Pbn, of Three Tier Cells for the Proposed DCA 
Scheme with Mobility Model A and Three Different MS Maximum Speeds (Vmax = 20, 60, and 

120 km/hr). 
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Figure 5.25: Handoff Blocking Probability, Pbh, of Three Tier Cells for the Proposed DCA 
Scheme with Mobility Model A and Three Different MS Maximum Speeds (Vmax = 20, 60, and 

120 km/hr). 
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Figure 5.26: Total Call Blocking Probability, Pb, of Three Tier Cells for the Proposed DCA 
Scheme with Mobility Model A and Three Different MS Maximum Speeds (Vmax = 20, 60, and 

120 km/hr). 
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As shown in Figures 5.24 to 5.26, the new call blocking probability, the handoff blocking 

probability, and the total call blocking probability for the first tier cells are the highest followed 

by the second and third tier cells. The simulation results indicate that the number of handoff 

attempts and handoff failures depend on the MS maximum speed. As the MS maximum speed 

increases, the blocking probabilities for the first and second tier cells are lowered because more 

calling MS's reach the system boundary thus resulting in a lower traffic in these cells. Figures 

5.25 and 5.26 show the increase of the MS maximum speed does not affect the handoff blocking 

probability and the total call blocking probability for the third tier cells. In the 49 hexagonal cell 

network, the first tier cells with a complete set of interfering cells always give the highest 

blocking probabilities. 

5.4.3 Non-uniform Traffic Distribution 

In the cellular system, the traffic distribution within the coverage area is non-uniform and 

each cell may have different distribution of mobile users. In this section, we examine the effect of 

blocking probabilities with mobility models and non-uniform traffic distributions. The non

uniform traffic distribution pattern shown in Figure 4.10(a) is used to study the performances of 

the proposed DCA scheme and other channel assignment schemes. The blocking probabilities are 

measured in all 49 cells while the traffic rate for each cell is increased from 0 to 100 percent over 

the base load. The base load corresponds to an average call arrival rate per cell of 150 calls/hour 

(i.e., the new arrival traffic intensity per cell is 5). Furthermore, the MS speed is uniformly distrib

uted in (0, Vmax) where Vmax = 60 km/hr. The simulation results for Mobility Model A and B 

are summarized in Figures 5.27 to 5.32. 



Chapter 5 Performance Results with Handoff 75 

0.3 

Percentage Increase of Traffic Load(%) 

Figure 5.27: New Call Blocking Probability, Pbn, (averaged over 49 cells) with Mobility Model A 
( F m a x = 60 km/hr) and Non-uniform Traffic Distribution Pattern A. 

Figure 5 .28: New Call Blocking Probability, Pbn, (averaged over 49 cells) with Mobility Model B 
(Vmax = 60 km/hr) and Non-uniform Traffic Distribution Pattern A. 
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0.18 

Percentage Increase of Traffic Load(%) 

Figure 5.29: Handoff Blocking Probability, Pbh, (averaged over 49 cells) with Mobility Model A 
( F m a x = 60 km/hr) and Non-uniform Traffic Distribution Pattern A. 

0.18 

Percentage Increase of Traffic Load(%) 

Figure 5.30: Handoff Blocking Probability, Pbh, (averaged over 49 cells) with Mobility Model B 
( F m a x = 60 km/hr) and Non-uniform Traffic Distribution Pattern A. 
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0.35 

Percentage Increase of Traffic Load(%) 

Figure 5.31: Total Call Blocking Probability, Pb, (averaged over 49 cells) with Mobility Model A 
(Vmax = 60 km/hr) and Non-uniform Traffic Distribution Pattern A. 

0.35 

Percentage Increase of Traffic Load(%) 

Figure 5.32: Total Call Blocking Probability, Pb, (averaged over 49 cells) with Mobility Model B 
(Vmax = 60 km/hr) and Non-uniform Traffic Distribution Pattern A. 
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With Mobility Model A and B, Figures 5.27 and 5.28 show that the new call blocking 

probability of the proposed DCA scheme is about the same as the DCA [10] scheme. Figures 5.29 

and 5.30 illustrate that the lower handoff blocking probabilities are obtained by the proposed 

scheme. The simulation results presented in Figures 5.31 and 5.32 demonstrate the proposed 

scheme always gives the lowest total call blocking probability, followed by the DCA [10], the 

BDCL, and the FCA schemes. 

5.5 Summary 

Two mobility models were used to determine the performance of the channel assignment 

schemes in terms of the new call blocking probability and handoff blocking probability. An 

approximate method for calculating the total call blocking probability for the FCA scheme with 

these mobility models was also described. The approximate and simulation results are in good 

agreement with a difference of at most ±7%. For both uniform and non-uniform traffic distribu

tions, the proposed DCA has the lowest handoff blocking probability and total call blocking 

probability in the central 9 cells and all 49 cells. The simulation results illustrate that the channel 

borrowing and re-assigning strategy can significantly improve the handoff blocking probability so 

that the proposed scheme can provide improved mobile services. 



Chapter 6 Conclusion 

In this thesis, a new DCA scheme with channel borrowing and re-assigning strategy was 

proposed and its performance was studied through computer simulations in terms of blocking 

probabilities and handoff activities. The proposed DCA scheme consists of three phases: channel 

allocation, channel de-allocation, and channel borrowing and re-assignment. After the effects of 

operational parameters for channel allocation and de-allocation cost functions were examined, the 

two important parameters used in the cost functions were found to be the interfering-cell available 

channel condition and the resonance condition. With the channel borrowing and re-assigning 

strategy, a cell with an empty available channel set may borrow a channel from its neighboring 

cells. For the no handoff case, simulation results show that the proposed scheme gives the lowest 

average blocking probability in the central 9 cells and all 49 cells for both uniform and non

uniform traffic distributions. Moreover, the addition of the resonance condition and channel 

borrowing and re-assigning strategy in the proposed scheme may significantly improve the new 

call blocking probability of the central 9 cells. 

Two mobility models were used to examine the performances of the proposed DCA 

scheme and some existing channel assignment schemes. An approximate method for estimating 

the total call blocking probability of the FCA scheme was shown to yield results within ±7% of 

simulation results. With these two mobility models, the proposed DCA scheme was studied in 

two different MS maximum speeds (60 and 120 km/hr). At both MS maximum speeds, the 

proposed scheme significantly improves the handoff blocking probability and the dropped call 

blocking probability so that it can provide better quality mobile services. The proposed scheme 

always gives the lowest total call blocking probability in the central 9 cells and all 49 cells. 

79 
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Furthermore, the effect of the MS maximum speed on the call blocking probabilities in different 

tier cells was studied. The simulation results show that as the MS maximum speed increases, the 

blocking probabilities for the first and second tier cells are lowered. However, the increase in the 

MS maximum speed has little effect on the handoff blocking and the total call blocking probabil

ity for the third tier cells. 

6.1 Future Works 

Some of the more important issues that could be examined in further investigations are as 

follows 

• To analyze the performance of the proposed DCA scheme using other mobility 

models [21]. 

• To investigate the performance of the proposed DCA scheme in a fading environment. 

• To study the performance of the proposed DCA scheme using a power control algo

rithm. 

• To analyze the performance of the proposed DCA scheme using adaptive channel allo

cation reuse partitioning schemes [22, 23]. 



Glossary 

A Area of the circular-shaped cell 

A(x) Used channel set of cell x 

B(x) A subset of I(x) where cell y e B(x) has a non-empty available channel set 

BCO Borrowing with Channel Ordering 

BDCL Borrowing with Directional Channel Locking 

BS Base Station 

CIR Carrier-to-interference Ratio 

CIRF Co-channel Interference Reduction Factor 

CP-DCA Compact Pattern Based Dynamic Channel Assignment 

D The distance between the two nearest co-channel cell centers 

D(x) A subset of I(x) where channel i is used in cell y e D(x) 

DCA Dynamic Channel Assignment 

FCA Fixed Channel Assignment 

FD(x) Nominal channel set of cell x 

I(x) Interfering cells of cell x 

L Perimeter length of the circular-shaped cell 

L(x) A set of co-channel cells separated by the minimum reuse distance D 

A(x) Available channel set of cell x 

MS Mobile Station 

MSC Mobile Switching Center 

N Frequency reuse factor 

Nc Average number of the neighboring cells per cell 

p.d.f. Probability density function 

n Total call blocking probability 

Blocking probability of call channel requests (i.e., new call arrival or handoff 
arrival) 

Pbh Handoff blocking probability 
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Pbn New call blocking probability 

Pdc Dropped call probability 

PSTN Public Switched Telephone Network 

R Cell radius 

SB Simple Borrowing 

V MS speed 

''max MS! maximum speed 
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