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1. INTRODUCTION 

1,1. Background 

The possibility of using radio waves for communicating with moving vehicles was 

conceived in the earlier part of this century. As early as 1921, the Detroit Police 

Department carried out experiments using one way radio broadcasts for police cars. The 

police cars were instructed to respond by stopping to call back on the wired telephone 

system. Two way mobile communications were experimented in 1930s. A sudden and 

ressing need for two-way mobile communications was realized in the second World War. 

Wireless communications revolutionized the battlefield permitting the deployment of large 

armies, moving rapidly over large areas. Mobile communication was essential for 

coordination of armour, infantry and air support. 

Even though commercial applications of mobile communications started in the late 

forties, the progress towards providing a mobile telephone service or 'car phones' has 

been very slow. The traditional approach to mobile radio telephony, before the onset of 

cellular system, was to have a high power transmitter at the tallest point in the coverage 

area. This was similar to the radio broadcasting approach. Even though a large area of 50 

mile radius could be covered this way, the capacity of such a system was severely 

limited. For example, the Bell mobile system in 1970s in New York city could support 

only twelve simultaneous conversations and the thirteenth caller was blocked [2, p.45]. 
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Department of Communications in Canada) for cellular systems has been a source of 

constant debate among system planners [2]. It is clear that the existing Single Carrier Per 

Channel (SCPC) analog FM cellular networks use the spectrum inefficiently and are 

costly to operate [2, Chap. 5; 3, Chap. 14]. Considerable research has been done to 

alleviate the problem of spectrum scarcity. Digital cellular systems using Time Division 

Multiple Access seem to be an alternative to analog systems [2,4,5,6,7,8]. Besides 

addressing the problems of cost, digital systems would offer all the advantages of digital 

technology. But the transition from analog to digital cellular networks would be gradual. 

While research is continuing towards a digital alternative, considerable work has 

been done in the recent past regarding channel occupancy duration and channel 

assignment strategies for existing analog networks [15,14]. Results have shown that 

dynamic and hybrid channel assignment schemes improve system performance compared 

to fixed channel assignment [9,10,11,16,17,18]. In the dynamic assignment method, all 

the channels are assigned to various cells by the system controller in a dynamic way. 

Hybrid channel assignment methods incorporate a combination of the fixed and dynamic 

assignment. Depending on the size of the network, a judicious choice of channel 

assignment method can lead to a reduction in the number of channels required to handle 

a certain amount of traffic with a desired quality of service. This quality of service is 

generally measured by the blocking probability or the probability of an attempted call not 

getting through the network. 



4 

1.2. Thesis Objectives 

An analog cellular system became operational in Saskatchewan in the Fall of 1989. 

The cellular service is offered both by Saskatchewan Telecommunications Corporation 

(SaskTel) and a radio common carrier company CANTEL. In this thesis, application of 

dynamic channel assignment is studied for SaskTel cellular network using computer 

simulation. The thesis objectives may be laid down as: 

(i) Develop a computer simulation model for analyzing the blocking probability of 

the fixed assignment SaskTel cellular network. 

(ii) Incorporate dynamic assignment and compute the system performance advantages 

with dynamic assignment. 

(iii) A related objective is the analysis of channel occupancy in different cells and 

handoff rate with variation in key system parameters such as average mobile 

velocity, cell radius and mean call duration. 

1.3. Thesis Organization 

In addition to this introductory chapter the thesis is organized into six more 

chapters. Chapter 2 gives an overview of the cellular concept. In Chapter 3, spectrum 

efficiency methods for cellular systems are introduced, and in Chapter 4 different channel 

assignment methods are described. In Chapter 5, a simulation model for a cellular system 

is presented and on the basis of this model a computer program has been developed for 
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xed, dynamic and restricted dynamic channel assignment methods. Results from this 

ogram are presented in Chapter 6. The results include comparison of blocking 

obability performance for cellular networks using fixed and dynamic channel 

assignment. Finally, conclusions are presented in Chapter 7. 



2. CELLULAR MOBILE TELECOMMUNICATIONS 

2.1. BACKGROUND 

Mobile communication systems are employed when either the transmitter, the 

receiver, or both are mobile. Such communication systems have been employed since the 

second World War. The need for mobile communications evolved due to its application 

military operations. Ever since, there has been tremendous growth in the applications 

of this type of communications. Some of these applications could be listed as : 

Marine: rescuing ships in distress. 

Land: police and medical services, car phones. 

Aeronautical: Communication between pilots and air traffic control towers. 

With the advances in technology, the applications in each of the three broad 

categories of transport systems have become much more diversified. New features and 

facilities have been incorporated in various mobile communication services being 

provided. The growing demand for facilities from mobile communication subscribers is 

leading to new developments in these systems. As an example, mobile communication is 

being increasingly used for data in addition to voice. In this chapter, land mobile 

communications systems are briefly reviewed and various features needed for these 

systems are examined. 
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.2. LAND MOBILE COMMUNICATIONS 

As mentioned above, land mobile communications evolved since the second World 

ar. There are a number of different services provided using mobile communication 

ystems. A one way communication, better known as paging, merely signals to the user 

at someone is trying to reach him or her. This system is still very popular and 

lecommunication service providers offer this service to a large number of users. Doctors 

se this service frequently because they are generally mobile and are likely to receive 

mergency calls. Another service offered is the communication for essential services like 

olice. This is a two-way system and is popularly known as the "wireless" system. In this 

ode, both the parties are able to exchange messages which may be initiated by either 

arty. However, only one party is able to transmit (or receive) at a time. Such systems 

e referred to as half-duplex systems. A recent, and a very significant extension of land 

obile communication service has been to provide a subscriber the use of telephone from 

car. Such systems are referred to as full-duplex because both parties are able to transmit 

or receive) at the same time. This form of mobile telecommunication has developed 

apidly during the past 10-15 years. 

.3. PRECELLULAR LAND MOBILE TELECOMMUNICATIONS 

The earlier mobile communication systems evolved from the basic concept of 

roviding a transmitter in the centre of a geographical area. The transmitter uses a certain 

et of frequencies to communicate with the mobiles, i.e., the transmitter is radio-linked 



with all the car phones that are in its range of transmission. The subscribers using these 

phones are linked with the central transmitter on different carrier frequencies. Different 

geographical areas are served in a similar fashion by other central transmitters. A pair of 

frequencies providing a two-way communication constitute a mobile frequency channel. 

Each transmitter has access to a certain number of channels and it can use only these 

channels. Some of the commercial mobile services in North America which use this 

concept for providing telecommunication services are; Mobile Telephone Service (MTS) 

and Improved Mobile Telephone Service (IMTS). It is necessary to mention here that all 

the land mobile communication services mentioned in Section 2.2 and 2.3 suffered from 

a poor quality of signal reception as well as other system limitations. The MTS and the 

IMTS had fundamental flaws briefly described below. 

1. Limited Capacity: The total number of users simultaneously using the service 

can never be more than the number of channels allocated. 

2. Inconvenient service: The users wishing to move from one geographical area 

to another were forced to have their calls disconnected and had to make a fresh request 

for another connection when entering a new coverage zone. 

3. Poor service performance: Since the number of channels was limited, the 

number of subscribers far outweighed the number of channels allocated. This resulted in 

a large number of calls getting blocked. 

4. Poor use of available frequency spectrum due to limited capacity of the system: 

The frequency spectrum allocated for mobile telecommunications, which was already quite 
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scarce, was used very inefficiently. 

5. Lack of privacy: The analog modulation and demodulation used for these 

schemes did not provide the users with a secure and private conversation. 

6. High system cost: Since the cost of erecting very high transmitters and other 

hardware far outweighs the revenue generated from a few customers, the service was not 

found to be very attractive from a financial point of view. 

7. Poor quality of transmission: The quality of voice transmission was very poor 

compared to the quality provided in a landline telephone network. 

These were the basic shortcomings in the earlier mobile communication systems. 

The increased demand for service, coupled with the inability to get frequency spectrum 

allocation in proportion to that demand, resulted in this concept being unacceptable for 

future commercial systems. These problems were instrumental in the development of the 

cellular concept. The cellular concept alleviates the problems encountered in conventional 

systems. The cellular concept is introduced in the next section. 

2.4. CELLULAR MOBILE TELECOMMUNICATIONS 

The cellular system employs the division of the geographical service area into 

cells, and the division of the available frequency spectrum into sets of channels. Figure 

2.1 shows how the geographical area is divided into cells of hexagonal shape. The 

division of frequency spectrum is discussed in section 2.5. 
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One portion of the spectrum is assigned for use by the mobiles and the other 

portion is assigned for the use by the base stations. Each cell has a central base station 

(though other configurations are also possible) which has radio links with all the mobiles 

in its range on the channels available to it. There is a mobile switching office which is 

linked through cables to different base stations of different cells in the system. The 

Figure 2.1: Layout of a cellular system 

schematic in Figure 2.2 shows how a cellular system is linked to the landline telephone 

network. The Switching Office is also connected to the Public Switched Telephone 

Network (PSTN). Thus the mobile user can talk to any landline telephone user or to 

another mobile user in any cell of the system. The cellular system virtually offers the 

same facilities to a mobile user as the conventional system offers to users of landline 

telephones. Also, the voice quality provided by cellular systems is much better than the 

quality provided by the previous services to the mobile users. 
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PSTN 

V 

PSTN — Public Switched 
Telephone Network 

MTSO — Mobile Telephone 
Switching Office 

Figure 2.2: A cellular telecommunication network 

2.5. SPECTRUM AND SERVICE AREA DIVISION IN A CELLULAR SYSTEM 

As mentioned above, the service area is divided into cells of a fixed size. The 

cells may be ideally considered to represent a hexagon. Such a representation simplifies 

system design. The available channels (spectrum) are divided into different sets which 

may or may not have the same number of channels. These sets are allocated to a 

predetermined number of cells that are neighbours to each other, forming a cluster. The 
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cluster of cells is only a small subset of the total cells in the system. The shape of the 

cluster can vary and would depend upon how many cells form the cluster. The division 

of frequencies into sets results in each cell of the cluster using a different set of channels. 

The sets of frequencies are formed such that channels in each cell are spaced well apart 

in frequencies. This provides reduced adjacent channel interference that may otherwise 

exist due to imperfections in the transmitter filters. Same set of frequencies can be used 

in different cell clusters. This allows reuse of the frequencies in different clusters and 

results in the high spectrum efficiency of the cellular system. Frequency reuse is further 

discussed in this section and in section 3.4.1. As an example, a cellular system with a 7-

cell reuse plan is shown in Figure 2.3. This system has three clusters - a, b and c. Each 

Figure 2.3: The 7-cell reuse structure 
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las 7 cells, with each cell of the cluster using a different set of frequencies. The cells 1,, 

lb and 1c use channels from the same subset. For the cellular system shown in Figure 2.1, 

the frequency allocation is given in Table 2.1. 

Table 2.1: Reuse groups with different cells 

Reuse Group 1 2 3 4 5 6 7 

1 2 3 4 5 6 7 
8 9 10 11 12 13 14 

Cell Number 15 16 17 18 19 20 21 
22 23 24 25 26 27 28 
29 30 

It is necessary to discuss the geometry of the cell in order to appreciate the 

advantages provided by the cellular system compared to the earlier systems. Figure 2.4 

shows a cell approximated to a circle. The cell centre may be considered to be the point 

where all the angle bisectors of the hexagon meet. The cell radius may be considered to 

be the distance from the centre to any of the vertices. The distance between two cells is 

considered to be the distance between their cell centres. The interference between the two 

cells using the same set of frequencies depends on the ratio of the distance between the 

cells to the radius of each cell. With a rule that the same set of frequencies are used in 
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Figure 2.4: Approximation of a hexagonal cell to a circle 

any two cells that have a certain minimum ratio of cell distance to the cell radius, two 

important advantages can be realized. The frequency sets could be reused not once but 

many times in the entire system, and secondly, the interference from different transmitters 

would not be severe. The basic idea in a cellular system is to use different sets of 

frequencies in cells that have common boundaries so that their transmissions do not 

interfere with each other. At the same time, the transmitter powers are so designated that 

the transmission on a channel in one cell causes acceptable interference to the 

transmission on the same channel in another cell that is reusing that channel. Thus, with 

the same available spectrum a much larger subscriber population can be served. The 

above method of spectrum and area division in a cellular system results in better spectrum 

efficiency, higher subscriber density and low cost per subscriber. There are certain other 

features that distinguish the cellular system from the earlier mobile communication 
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systems. The earlier systems used a transmitter with high transmitting power to establish 

communications with the subscribers in a large coverage zone. However, the cellular 

system transmitters use low power. The power needed is determined by the cell coverage 

area and other factors like geographical terrain and signal attenuation (fading). Further, 

in a cellular system, users are not forced to have their calls disconnected when they move 

to different cells. In fact, their calls are handed-over automatically to an available channel 

of the new cell. The procedure of call-transfer when the mobile enters a new cell is called 

a handoff or handover. Handoffs are based on signal strength measurements from all the 

base stations of the system. This feature of the cellular system is outside the scope of this 

thesis. It is adequately described in a number of references [2,3]. 

To summarize, the cellular concept makes use of the geographical division of the 

service area into different cells and allocates a carefully designed subset of the available 

channels to a small cluster of cells. The same sets of channels are reused in other cells 

while keeping signal interference to a minimum. Because of mobile users and the typical 

spectrum allocation in a cellular system, such systems have a number of other 

characteristics which are different from fixed-user communication services. 

To understand cellular systems, a thorough knowledge of a variety of concepts 

from communication theory is required. However, there are certain issues that are of 

special interest to Cellular Engineers. Some of these issues are briefly discussed below. 
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2.6. OTHER ISSUES RELATED TO CELLULAR SYSTEMS 

The channel allocation in a cellular system to serve a call directed to, or, 

originating from a mobile user, involves significant processing. There are further 

complexities in the successful completion of the call. In particular, a user transparent 

handoff process has to be incorporated. Some of these complexities arise because the 

transmission takes place in a scenario very different from that with the fixed transmitter 

and the receiver. The signal transmission phenomenon is very different not only due to 

the mobile environment but also due to the frequency spectrum available for these 

systems. Usually, the spectrum allocated for cellular mobile communication systems is 

in 800-900 MHz band. Some of the important issues in the study of cellular systems are 

listed next. 

1. Signal attenuation for a particular geographical area. 

2. Modulation/Demodulation/Coding methods for cellular systems. 

3. Analog vs Digital cellular systems. 

4. Channel design; narrowband or broadband. 

5. Traffic studies and future growth. 

6. Spectrum utilization studies. 

7. Choosing the cell size, cell separation, transmitter powers etc. for a new 

system. 

8. Handover mechanism. 

9. Switching involved for cellular systems. 
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10. Channel assignment to the cells when different traffic loads are offered. 

1 

Detailed discussion of these issues is outside the purview of this thesis. There are 

any good references [2,3] available which address these in detail. As stated in Chapter 

, the objective of this thesis is to study the dynamic channel allocation for SaskTel 

ellular network. The next two chapters are devoted to the issues of spectrum efficiency 

nd various channel assignment methods. 
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3. SPECTRUM EFFICIENCY IMPROVEMENT METHODS FOR 

CELLULAR SYSTEMS 

In the previous chapter, basic concepts for a cellular telecommunications system 

were presented. In this chapter, some parameters and definitions about the cellular system 

are introduced. These parameters are used for performance analysis of cellular networks 

and would be frequently referred to in this thesis. Various spectrum efficiency 

improvement methods are also introduced in this chapter. 

3.1. IMPORTANT PARAMETERS OF A CELLULAR SYSTEM 

Some of the important parameters of a cellular system commonly used in 

performance analysis are as follows: 

1. Circuit Spectrum efficiency: The circuit spectrum efficiency is defined as the 

number of telephone voice circuits per MHz of spectrum. In a digital cellular system this 

parameter measures the efficiency of the source encoder and the modulator. For example, 

a 64 kb/s channel rate can be used to carry a single pulse code modulation (PCM) voice 

circuit, or two 32 kb/s adaptive differential pulse code modulation (ADPCM) voice 

circuits, or four 16 kb/s residual excited linear predictive (RELP) coding circuits. 

Obviously, a system which creates four telephone circuits per 20 kHz channel is more 

efficient than another coder that creates only one. A detailed description 
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of coding methods and their efficiencies can be found in [19]. 

2. Geographical spectrum efficiency: This relates to the average size of the cell 

and the degree to which cell-splitting has been applied. The number of cells serving an 

area, in conjunction with the frequency reuse pattern determines the geographical 

spectrum efficiency. If cells of a smaller radius are employed, the same area could be 

served by a larger number of cells. For the same frequency reuse pattern, there is an 

increase in the number of circuits/MHz when smaller cells are used. As mentioned in 

Chapter 2, reuse factor depends on the co-channel interference criterion (co-channel 

interference is the interference generated by cells using the same set of frequencies). 

3. Channel utilization: As mentioned before, the available spectrum is divided into 

different channels. These channels are assigned to different cells for the purpose of voice 

and data transmission. A system is considered efficient if it uses a minimum number of 

channels to serve the maximum possible subscribers at the desired grade of service, 

thereby utilizing its channels properly. Channel utilization and spectrum efficiency are 

important parameters used in the design and the performance analysis of an analog 

cellular network. This is further discussed in the subsequent chapters. 

The importance of spectrum efficiency and channel utilization in a cellular system 

arises because of three main considerations: 

1. Scarcity of the spectrum for cellular use. 

2. Capacity (number of subscribers that the network is capable of serving). 
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3. Cost of cell-sites. 

To better understand the implications of the above factors, it is illustrative to 

elaborate the spectrum allocation as well as the traffic objectives of a cellular service. 

3.2. SPECTRUM ALLOCATION FOR LAND MOBILE 

TELECOMMUNICATIONS 

A major problem facing the radio communication industry is the limitation of the 

available radio frequency spectrum. In setting allocation policy, the spectrum regulation 

agencies seek systems which need minimal bandwidth but provide high usage and 

consumer satisfaction. In the United States, the spectrum allocated for land mobile 

communication is in different bands. These are: 

1. 450 - 512 MHz 

2. 806 - 902 MHz 

3. 935 - 941 MHz 

4. 1427 - 1435 MHz 

These allocations have been made because of severe spectrum limitations at lower 

frequency bands. These bands are not ideal for mobile radio transmission but it is possible 

to implement the cellular systems using these bands. 
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An ideal mobile telephone system would operate within a limited assigned band 

and would serve an almost unlimited number of users in an unlimited area. Three 

common methods used to achieve the ideal are : 

1. Single-sideband (SSB) modulation: In single side band modulation, only one 

side band of a double sided amplitude modulated spectrum is used. A channel bandwidth 

of about 5 kHz per voice channel can be achieved. In spite of this high spectrum 

efficiency there are some practical problems with this method [2, p.45] and it is not used 

in practice. 

2. Cellular: As mentioned before, in this method the allocated frequency band is 

reused in different geographic locations. 

3. Spread spectrum: In this method, the signals are spread over a wide frequency 

band. Different codes are used to separate these signals. 

In 1971, in a report submitted to FCC by the researchers at Bell Laboratories, the 

cellular approach was shown to be a spectrally efficient system [3, Chapter 1]. A 

comparison of the cellular approach with other methods is discussed in [3]. This thesis 

is concerned with the cellular systems only. 

3.3. TRAFFIC OBJECTIVES OF THE CELLULAR SERVICE 

The scarcity of spectrum and poor performance of earlier mobile communications 

systems led to the evolution of cellular system. One of the major objectives for the 
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cellular service was to achieve a grade of service comparable to wireline telephony, both 

in terms of voice quality and circuit availability. One measure of availability is the 

blocking probability. Cellular systems are generally required to achieve a blocking of 2 

% or less [2]. This blocking probability implies that no more than 2 % of all calls 

attempted during the busiest hour fail to obtain access to the network; 98 out of 100 calls 

must go through. 

The blocking probability depends upon the amount of calling traffic that is offered 

on the average by the cellular subscribers as well as on the number of radio channels 

available for a given population of subscribers. Calling behaviour can be analyzed and 

predicted statistically. This information is used by the system designer to implement the 

system with a given number of radio channels. Not all customers will attempt to place 

their calls at the same time. The user traffic is measured in Erlangs. An Erlang of traffic 

is equivalent to one person using a circuit for 3600 seconds in an hour. The Erlang B 

model [25] is used to determine the number of channels required to serve a certain 

volume of traffic at a fixed blocking probability. This model assumes that: 

1. Traffic sources are infinite. 

2. Calls occur at random. 

3. Call durations are distributed exponentially about an average value. 

4. Lost calls are cleared, i.e., a call unable to find a free channel disappears from 

the system. 
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The Erlang B traffic tables give the number of channels required for a given traffic 

and a given blocking probability. Such tables are useful in designing telecommunication 

networks. The Erlang B formula is given by 

An 
n! 

P — n 
Az 

x! 

(3.1) 

x=o 
where p is the probability that a single source will be busy, A is the expected traffic 

density (in Erlangs), n is the number of channels in the group of channels, and x is the 

-lumber of busy sources or busy channels [20,25]. For a given number of subscribers 

offering a known amount of traffic and sharing a given number of trunked radio channels, 

he blocking probability can be readily calculated. The higher the ratio of customers to 

channels, the higher is the blocking. Similarly, higher the average amount of traffic 

offered by each customer, higher is the blocking. To provide a better grade of service, the 

ratio of customers to channels should be reduced. This can be done in two ways: 

1. Providing more base-station equipment and channels (if spectrum allocation 

permits). 

2. Optimizing the channel assignment in different cells for a given subscriber 

population . 

Option 1 is costlier and may not be always practical. Option 2 is not 

straightforward and involves careful estimation of the various traffic parameters, e.g., 

traffic behaviour during different hours of the day, subscriber population, the 
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e pected future growth, etc. A well organized channel assignment based on the above 

ameters could make the network efficient in providing a good grade of service using 

inimum spectrum. 

From the above discussion it should be clear that spectrum efficiency is a very 

portant factor in the design of cellular systems. An inefficient system would always 

r quire additional spectrum to meet the demands of the growing subscriber population. 

would suffer performance degradation in terms of poor availability of voice circuits as 

traffic grows. Hence, spectrum efficiency improvement is quite important to conserve 

trum. This subject is dealt with in the next section. 

4. METHODS FOR IMPROVING SPECTRUM EFFICIENCY 

There are a number of methods for improving the spectrum efficiency of a cellular 

twork. These methods can be used for a new system being designed as well as for an 

e isting system. Some of these techniques can be classified as: 

1. Reducing the bandwidth per voice channel with more efficient modulation, 

encoding. 

2. Improving spatial frequency-spectrum reuse 

3. Better frequency management and channel assignment 

4. Improving spectrum efficiency by offering a multiplicity of services matched 

to the traffic needs. 
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5. Reducing the load using: 

(a) Off-air call set-up 

(b) Call forwarding 

(c) Queuing 

As each system may have unique features, the choice of improvement method 

depends upon the particular system. As an example, a network supporting very few 

subscribers and anticipating very little subscriber growth in future may not be short of 

spectrum but may require the capital cost to be minimum. Besides the methods outlined 

above, other methods such as directed retry can improve spectrum efficiency. These 

methods are examined below. 

3.4.1. Frequency reuse and reuse partitioning 

Frequency reuse implies reusing the available spectrum in cells separated by a 

predetermined distance. Reuse partitioning involves splitting a cell into two or more tiers. 

The distribution of voice channels between the inner and outer tiers is a function of traffic 

distribution, blocking criteria, and overflow routing [21]. It has been shown that controlled 

traffic overflow from the inner tier causes increased capacity and voice channel utilization 

while maintaining interference levels. By freeing critical channels, traffic congestion can 

be relieved and increased capacity is realized. This is done by placing a new cell not 

where there is more congestion but where the new cell relieves critical channels [22]. The 
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spectrum efficiency is an inverse function of N where N is the number of cells in the 

reuse pattern. 

3.4.2. Directed retry 

Another way to improve channel utilization is to use a system with directed retry 

[14]. For such a system, subscribers can not only access channels available in their cells 

but can also access channels available in neighbouring cells if their calls experience 

blocking in the home cell. A suitable analytical model has been developed for such a 

scheme in [14]. Using this model it was demonstrated in this reference that a substantial 

increase in traffic capacity can be realized. In this model, traffic is considered to be 

divided between streams such as: 

(a) Traffic stream originating in home cell which has ability to make a directed 

retry, 

(b) Traffic stream originating in home cell which doesn't have the ability to make 

a directed retry, 

(c) Traffic stream originating in neighbouring cells which overflows to the cell in 

consideration (home cell). 

Further details of this method are available in [14]. 

3.4.3. Fixed and dynamic assignment 

This is another method which may be used for improving spectrum efficiency. In 
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Chapter 2 it was explained how the frequency spectrum can be divided into certain 

subsets and these subsets allocated to a cluster of cells in such a way that each cell of the 

cluster uses a different subset. This method of channel allocation is called fixed channel 

assignment because a cell uses only those channels that are allotted to it. But this method 

of assignment is not always the most efficient. In certain cases higher spectral efficiency 

may be achieved by using dynamic or hybrid assignment of channels. A dynamic channel 

assignment method is similar to the fixed channel assignment method. Channels, in this 

case, are assigned to the cells in the same way as for the fixed assignment method. 

However, in this case, channels from one cell may be used by its neighbouring cell, if 

required. There are certain criterion that govern the assignment. Some of the dynamic 

assignment algorithms have been presented in [16]. A combination of the dynamic and 

fixed assignment methods is also used. This method is called the hybrid channel 

assignment. In this method the spectrum is divided into two parts. One part is divided into 

subsets and made available to the cells as in fixed channel assignment. The other part 

constitutes a pool from which cells can borrow channels if they need additional channels 

to handle their traffic. As in the dynamic assignment case, the assignment of channels 

f om the pool of dynamically assignable channels is made based on certain algorithms. 

This subject is discussed at some length in the next chapter. 

One form of hybrid . assignment uses dynamic reassignment of channels. 

Reassignment implies that if at any given instant a call in a cell is being handled on a 
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channel from the pool of dynamically assignable channels and one of the (fixed) assigned 

channels from that cell is free, then reassignment would take place. The call on the 

dynamically assignable channel would be reassigned to the free (fixed) channel and the 

dynamically assignable channel would be rendered free. This is done so that this channel 

is available for any cell that requires to borrow a channel. The computer simulation 

results reported before [9] have shown that dynamic channel reassignment with an 

optimum choice of fixed and dynamically assignable channels results in a significant 

improvement of system capacity. Kahwa and Georganas [11] have analyzed the 

performance of a system under different allocations of fixed and dynamically assignable 

channels. Their results show the performance of the system for various values of the 

offered traffic. Simplified assumptions of uniform distribution of channels and uniform 

spatial distribution of traffic were made in these references. Uniform spatial distribution 

of traffic implies that all the cells in the system have the same traffic load and are 

assigned the same number of channels. Non-uniformities of traffic are expected to degrade 

the performance of such a system. 

3.4.4. Channel organization 

Yet another important issue which determines spectrum and channel utilization is 

the channel organization. The European Digital Mobile Communication System (EDMCS) 

will have three types of channels [23]. These may be classified as: 

(a) Common control channel (CCCH) 
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(b) Dedicated control channel (DCCH) 

(c) Traffic channel (TCH) 

In such a channel organization, TCHs are used to carry the voice and data traffic. 

Call origination (either by mobile or a landline user) set-up, location-updating etc. are 

done through a random access initially on the CCCH. Once the Mobile Telephone 

Switching Office (MTSO) has acknowledged the random access, a DCCH is allocated to 

that mobile on which further signalling sequences are exchanged. Once the signalling 

sequences are over, the MTSO allocates a TCH to the mobile. The use of a DCCH 

reduces the load on the CCCH. Factors such as time spent for the signalling sequence, 

mean time spent in the waiting queue, call forwarding delay, etc. determine the control 

channel loading. The provision of a DCCH improves the spectrum efficiency. Further 

details of this method can be obtained from [23]. 

Although a number of methods for spectrum efficiency improvement are available 

(as outlined above), dynamic channel assignment is one of the most effective method for 

low traffic (thin) cellular networks [11]. This method is studied in detail in this thesis. As 

the SaskTel cellular network is such a thin network, performance of dynamic assignment 

is proposed and studied for this network. Before carrying out the performance analysis 

a further detailed description of this method is included in Chapter 4. 
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4. CHANNEL ASSIGNMENT METHODS 

Spectrum efficiency and channel utilization are important parameters that affect 

the performance of a cellular telecommunication network. In Section 3.4 of the previous 

chapter, different methods for improving spectrum efficiency were outlined. In Section 

3.4.3, fixed and dynamic channel assignment methods were briefly explained. These 

methods come under the broad classification of fixed and non-fixed channel assignment. 

In this chapter, fixed and non-fixed channel assignment methods are presented in greater 

detail. 

Before going into the details of different channel assignment methods it is 

necessary to understand the concept of frequency management. In the next section this 

concept is introduced. 

4.1. FREQUENCY MANAGEMENT 

The Federal Communications Commission (FCC) in United States and the 

Department of Communication (D.O.C.) in Canada assign and manage the spectrum for 

cellular telecommunications. The assignment is given for both the voice channels and the 

call set-up channels. Voice channels are further grouped into subsets. This grouping can 

be done depending on the system requirements. The designation of channels into set-up 
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and voice, and the division of voice channels into subsets, comes under frequency 

management. An analogy can be drawn between frequency management and the "rules" 

of a game. Just as the rules of any game ensure discipline, fair play and maximum 

likelihood of a result, frequency management ensures that channels assigned for setting 

up a call perform that function, and channels assigned for voice traffic do likewise. The 

division of frequency channels into subsets ensures that the channels in a particular cell 

are well separated in frequency. 

4.1.1. Numbering of channels 

The total number of channels available in a cellular system are 666. A channel 

consists of two frequency bands, one of which is in the low band and the other is in the 

high band. For example, the two frequencies in channel 1 are 825.03 MHz (mobile 

transmit) and 870.03 MHz (cell-site transmit). The two frequencies in channel 666 are 

844.98 MHz (mobile transmit) and 889.98 MHz (cell-site transmit). Thus, the bandwidth 

assigned for mobile transmit is 20 MHz (825-845 MHz). Similarly, the bandwidth 

assigned for cell-site transmit is 20 MHz (870-890 MHz). The 666 channels are divided 

into two groups; block A and block B. Each block has 333 channels and a bandwidth of 

20 MHz. These blocks are shown in Figure 4.1. Each city has two designated cellular 

operators, and the division of spectrum into two blocks allows both to operate on separate 

blocks. Obviously, this is designed to prevent mutual interference of the two networks. 
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Figure 4.1: Frequency-management chart (from [3]) 
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Out of the total 666 channels, 42 are set-up channels. 

Set-up channels: 

Channels 313-333 block A 

Channels 334-354 block B 

Voice channels: 

Channels 1-312 (312 voice channels) block A 

Channels 355-666 (312 voice channels) block B 

It may be noticed that the middle channels are used as set-up channels. This is 

done to facilitate scanning of these channels by frequency synthesizers. This scanning is 

done in MTSO during the call set-up procedure. 

4.1.2. Grouping of channels into subsets 

As stated above, the number of voice channels in each block is equal to 312. 

These channels can be grouped into any number of subsets. Generally, these are grouped 

into 21 subsets. As there are 21 set-up channels, this division ensures that each subset has 

a set-up channel. All, but three, subsets consist of 16 channels (including the set-up 

channel). As shown in Figure 4.1, the closest adjacent channel is 21 channels away in 

each set. Wide separation between adjacent channels ensures that the adjacent channel 

interference is low. In a seven-cell frequency-reuse plan with uniform traffic, each cell 

contains three subsets, iA, iB, iC; where i is an integer from 1 to 7. For example, cell 1 
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could contain subsets 1A, 1B and 1C. The total number of voice channels in a cell is 

about 45. The minimum separation between the three subsets is 7 channels. For example, 

the three subsets of cell 1 could have channels 1, 8 and 15, respectively, each having a 

separation of 7. 

From the above discussion, it can be seen that allotting subsets of channels to 

different cells ensures sufficient bandwidth-separation between the channels in a given 

cell. In a practical system, the exact number of subsets assigned to a cell would depend 

on the traffic to be handled in that cell. Similarly the number of channels used from a 

subset in a particular cell would depend on the traffic. This would also depend on the 

availability of spectrum and geographical features unique to the cell. A particular cell 

might experience greater interference on a particular channel in which case that channel 

may not be assigned to that cell. Grouping and numbering of channels are two aspects of 

frequency management. A number of different methods of assigning channels for handling 

calls are used in practical cellular systems. These methods are discussed in the next 

section. 

4.2. CHANNEL ASSIGNMENT 

Mobile subscribers can use telecommunications facilities if a radio link is provided 

between the mobile and the cell-site in whose coverage area the mobile is located. This 

means that a set-up channel is required for setting up a call and voice channels have to 
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be assigned to the mobile and the cell-site. 

Channel assignment is done by the cellular system operator. While mobiles occupy 

channels on a short term basis (depending on the duration of the call) cell-sites are 

permanently assigned one or more subsets (depending on the traffic in that cell). The 

MTSO governs which channel (i.e., a pair of carrier frequencies) would be used by the 

mobile and cell-site in handling a call. Ideally, channel assignment should be done such 

that there is minimum interference in the system. Both fixed and non-fixed channel 

assignment methods may be used in practice. 

4.2.1. Fixed channel assignment 

In this scheme, channels are allocated to the cells on a permanent basis, i.e., 

specific channels are allocated to specific cells. In directional cells (cells with sectorized 

coverage patterns), each sector is assigned a particular subset of channels. Some aspects 

of fixed channel assignment are considered next. 

Adjacent-channel assignment: In a cellular system, the assignment of adjacent channels 

has to be carefully made depending on whether the cell has omnidirectional or directional 

coverage. Figure 4.2 shows how the assignment of adjacent channels is made. If one 

channel is assigned to the middle cell of seven cells, adjacent channels cannot be assigned 

to the same cell. Also, no adjacent channels should be assigned in the six neighbouring 
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A Channel Assigned 

x Adjacent channel not allowed 

./ Adjacent channel allowed 

(a) 

Figure 4.2: Adjacent channel assignment. 

(b) 

(a) Omnidirectional-antenna cells; 
(b) directional-antenna cells; (from [31). 

sates in the same cell-cluster. In a directional-antenna cell system the cells are sectorized. 

Three sectors per cell is most common. If one channel is assigned to a sector, the next 

channels cannot be assigned to the same sector or to the other two sectors in the same 

cell. However, as shown in Figure 4.2(b), adjacent channel may be assigned to certain 

sectors of the neighbouring cells. 

Channel sharing: Channel sharing is a method that allows short-term relief to cells 
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experiencing congestion. A scheme of channel sharing for a seven-cell three-sector system 

is shown in Figure 4.3. For a 20 MHz bandwidth system there are 21 channel sets, with 

each set consisting of about 16 channels. Each cell-site transmits in three 120-degree 

# possible interference area 

Figure 4.3: Channel-sharing algorithm; (from [3]). 

sectors. From Figure 4.3, a cell-site transmits on channel set numbers 5, 12 and 19. When 

a cell needs more channels, the channels of another face at the same cell-site can be 

shared to handle the short-term overload. Sharing always increases the trunldng efficiency 

of channels. Since we cannot allow adjacent channels to share with the nominal channels 

in the same cell, channel sets 4 and 5 cannot both be shared with channel sets 12 and 18. 
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The grid marks (shown by #) indicate the possible interference areas if adjacent channel 

sets are used. However, the upper subset of set 4 can be shared with the lower subset of 

set 5 with no interference. Channel combiners are used in the cell-site transmitter to 

combine signals for different channels before feeding to the antenna. In channel-sharing 

systems, the channel combiner should be flexible so that it can combine up to 32 channels 

in one sector. 

Sectorization: There are generally three sector configurations in cellular networks: the 

120 degree sector system, the 60 degrees sector system, and the 45 degrees sector system. 

A seven-cell system usually uses three 120 degrees sectors per cell. The total number of 

available channels can be divided into sets (subgroups) depending on the sectorization of 

the cell configuration. In a seven-cell system with sectors of angles 120 degrees, there are 

a total of 21 channel sets. Further details of this method can be found in [3, p.310]. 

4.2.2. Non-fixed Channel Assignment 

There are different ways in which non-fixed channel assignment can be realized. 

Two most common methods are described below. 

Dynamic channel assignment: In the fixed channel assignment method, a set of channels 

is permanently assigned to a cell and communication within that cell can only be carried 

out on those channels. This is not the case in dynamic channel assignment. In this method 
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no fixed channels are assigned to any cell in a system. Any channel from the 312 voice 

channels can be assigned to the mobile unit. Dynamic channel assignment takes into 

consideration the overall system performance. Different algorithms may be employed to 

implement this type of channel assignment. These algorithms are designed to keep 

congestion low and interference to a minimum. 

Hybrid Channel assignment: As stated in Chapter 3, this method is a combination of 

the fixed assignment method and the dynamic assignment method. A portion of the total 

frequency channels is assigned to the cells in the usual fixed channel assignment method 

and the rest is available for use in a dynamic way. 

In this thesis, the blocking performance of a SaskTel thin cellular network is 

compared using fixed and dynamic channel assignment methods. The dynamic channel 

assignment algorithm used is described in the next section. 

4.3. DYNAMIC CHANNEL ASSIGNMENT ALGORITHMS 

In dynamic channel assignment, cells are initially assigned a group of channels on 

a non-fixed basis. If the call can not be served using the group of channels assigned to 

its host cell, a search is made for a free channel in the neighbouring cells. If a free 

channel is found, the call is assigned to that channel. This implies that a call in a cell can 

be served by a channel even if the channel was not originally assigned to that cell. Such 
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a channel is commonly referred to as a "borrowed" channel. This is not possible in the 

case of fixed assignment where calls in a cell can only be handled by channels assigned 

to that cell. The temporary assignment made in the case of dynamic assignment is referred 

to as nominal channel assignment. 

The borrowing of channels, to serve calls during congestion, may be performed 

in different ways depending upon how the search is made for a free channel. In the 

simplest case, the first free channel searched from the neighbouring cell could be 

borrowed. Anderson has studied three dynamic channel algorithms [16]. In this thesis a 

simulation model using algorithm 2 has been developed. The complete algorithm is shown 

in Figure 4.4. Before the rationale behind this choice can be explained, it is important to 

introduce terminology commonly used in describing dynamic assignment. This 

terminology is introduced below. 

Nominal channels: given a cell, those channels nominally assigned to it are called 

nominal channels. 

Nominal cells: given a channel, those cells to which it is nominally assigned are its 

nominal cells. 

Interferable cells: given a cell, any other cell with which it will interfere (the two cells 



41 

are assigned the same channels and are in closer proximity than the minimum reuse 

separation) is one of its interferable cells. Note that there may be more than one 

interferable cells because of frequency reuse. 

In the algorithm of Figure 4.4, if a cell doesn't have a free channel to host a call, 

a search is made in all its neighbours for free channels. If a channel is found free (say, 

A) in the first neighbouring cell, the nominal cells of that channel are determined. If these 

nominal cells are found to be interfering cells to the cell hosting the call, the number of 

free channels in each of these interfering cells is determined and the lowest number of 

free channels is stored in the variable 'min'. This value of 'min' is also stored in the 

variable 'max'. The identity of the channel (A) is also stored. A similar search is carried 

out for the second channel (say, B) of the same neighbouring cell. The lowest number of 

free channels in the interfering cells obtained in this case is again stored in 'min'. If the 

new value of 'min' is greater than 'max' (which had the value of 'min' corresponding to 

channel A), then this new value is assigned to 'max' and channel B is considered as the 

best channel so far. The variable 'max' stores the largest value of 'min', i.e., it stores the 

largest value of the free nominal channels available in the interfering cell that has the 

least number of free channels. The search is carried out for all the free channels of all the 

neighbouring cells. In the end, the channel corresponding to the contents of 'max' is the 

channel assigned for borrowing. The basic idea behind the algorithm is to ensure that 

when a channel is borrowed, interfering cells to the host cell (using that channel) have 
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minimum blocking probability. Hence this dynamic channel assignment algorithm assures 

that borrowing of channels from neighbouring cells by the cells experiencing congestion 

is done with minimum future blocking as a result of this borrowing. 
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5. SIMULATION USING DYNAMIC CHANNEL ASSIGNMENT 

In the previous chapters, basic operational concepts of a cellular network were 

described. In Chapters 2 and 3, commonly used terminology for cellular systems was 

presented. Frequency management and channel assignment methods as well as the 

dynamic channel assignment algorithm were discussed in the previous chapter. In this 

chapter the simulation model itself is developed. 

To perform a simulation study of any cellular network, the dynamics of the 

cellular network have to be incorporated in the simulation model. One of the main 

characteristics of a cellular network is that subscribers are mobile. This factor complicates 

the modelling. Voice channels have to be assigned/de-assigned when a mobile enters a 

new cell. As there is a radio communication link between the mobile and the base station, 

the motion of the subscriber may result in a situation in which this link may be 

temporarily or permanently broken due to a natural or man-made obstruction. For 

example, the subscriber may be traversing through a mountain or a crowded downtown 

area surrounded by tall buildings which may affect or destroy the link. The impact of 

these disturbances in the communication link on the processing load of the system 

controller (at MTSO) could be quite large. Channels may frequently have to be 

assigned/de-assigned by the mobile/base station to keep the communication link strong. 
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Another characteristic of the cellular network is that the probability of a subscriber 

engaging in a telephone call depends upon factors like road vehicular traffic, geographical 

terrain through which the mobile is traversing, time of the day, etc. A subscriber would 

be least expected to talk on the mobile phone when traversing a very difficult terrain. On 

the other hand, the probability of the subscriber engaging in a telephone conversation may 

be safely considered to be much higher when the subscriber is held up in a traffic-jam. 

These factors also have an impact on the duration of the call. 

A complete analysis of a cellular network has to take into account all of the above 

mentioned details. However, to examine the impact of each of these, not all the factors 

have to be necessarily incorporated at the same time. This reduces the complexity of the 

model without compromising the accuracy significantly. This approach was adopted in 

the simulation model described below. 

As the dynamic assignment makes much better use of the available channels, it 

is expected that the blocking probability using this method will be considerably better 

than that for a fixed assignment. Blocking probability is the most important performance 

criterion. Another useful performance measure is the occupancy statistics of the channels. 

These statistics refer to the time for which channels in different cells are busy. The 

simulation model developed in this thesis is used to obtain occupancy of channels 

expressed as a percentage of the total time during which the calls were processed. Using 
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the simulation model, handoff statistics were also obtained along with the channel 

occupancy cumulative distribution. The simulation model itself along with the various 

assumptions is described in the next section. 

5.1. SIMULATION MODEL 

To develop a realistic simulation model, some basic characteristics of the mobile 

cellular network have to be incorporated in the model. These characteristics are discussed 

below. Also, some simplifying assumptions have to be made. These assumptions are 

outlined later in this section. For the purpose of simulation, it is necessary to consider 

(1) Traffic of the network 

(2) Call-arrival instants 

(3) The cell hosting the call 

(4) The number of channels available in the cells 

(5) The random location of the mobile 

(6) The mobile's direction of travel 

(7) Average mobile velocity 

(8) Call duration. 

Also, the sequence in which various events occur has to be properly simulated. All 

of the above factors are briefly discussed in sections 5.2.1 to 5.2.6 below. 
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5.1.1. Network traffic and system layout 

SaskTel's cellular network is a thin (low volume traffic) network, i.e., the 

population density of the network is less than the population densities of networks in 

metropolitan areas like New York, Los Angeles, Toronto, etc. The populations of the 

existing cells of SaskTel's cellular network were arrived at using Census Canada statistics. 

Eight mobile subscribers per thousand people were assumed. A total of thirty cells were 

considered for the simulation. Figure 2.1 gives the layout of the system and Table 2.1 

shows the reuse plan. Table 5.1 gives the population of each cell. The thirty cells are 

arranged in a 7-cell reuse plan. Table 2.1 gives the cells in their respective frequency-

reuse groups. In this simulation, cells that are relatively dense have been placed in the 

centre. The model considers handoff of calls when mobiles enter a new cell. It is 

reasonable to assume that most of the traffic flow will be "from" and "to" the denser 

cells. Thus the arrangement where the denser cells are in the centre of the layout 

represents a realistic scenario. 

It is also assumed that the voice traffic between mobiles is negligible, and mobiles 

either receive calls from sources external to the system (e.g. a landline subscriber) or 

initiate calls to destinations external to the cellular system. 

5.1.2. Call-arrival (initiation) rates 

It is well known that calls arrive or originate with a Poisson distribution and the 
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call duration is an exponentially distributed random variable [20]. If A is the average 

number of call arrivals per unit time then the probability P„ that x calls originate/arrive 

during a specified time T is given by: 

by: 

ovry e-AT 

Px x! 

The probability that the next call originates after time t is given by: 

P (time before next call occurs > t) = e-At 

(5.1) 

(5.2) 

So that the probability that the next call occurs within a time interval t is given 

P ( next call occurs before time t) = 1 - e-At . 

The cumulative distribution function F, of inter-arrival time t is given by: 

Fc (t) = 1 e-At . 

Therefore the probability density function for t is given by: 

f(t) = d t 

dFc(0 
— Ae-At 

(5.3) 

(5.4) 

(5.5) 

This is the negative exponential distribution. This implies that while calls arrive 

with a Poisson distribution, the intervals between call arrivals are exponentially 

c istributed. 
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The mean time interval between call arrivals can be calculated as 

CO 

mean t= itA e-At dt • (5.6) 

Number of calls and the call durations have the same probability distribution for 

a cellular system. 

5.1.2.1. Host cell 

Call-arrival rate in each cell depends on two factors: 

1. The traffic volume 

2. The subscriber population. 

Table 5.1 gives the population statistics of the SaskTel network. The table shows 

the population of each cell arranged in ascending order. Column 4 shows the cumulative 

proportion of each cell's population. To account for the subscriber population variation 

in each cell, weights were determined for each cell. The weights were calculated by 

dividing the cumulative proportion of each cell by the average of the cumulative 

proportions of the 15th and 16th cell. This is done merely to obtain approximately unity 

weights for cells in the middle of the table. In effect, the weights are proportional to the 

cumulative proportion. These weights are arranged in the last column of the table. To 

arrive at the cell's call-arrival rate, the weight of the cell was multiplied by a constant. 

The value of this constant was increased as the traffic is increased. 
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Table 5.1: Population statistics of the network 

Cell Number Population population Proportions 
Weight 

2 6 0.14 0.14 0.23 
10 6 0.14 0.28 0.23 
6 8 0.19 0.47 0.31 
23 12 0.29 0.76 0.46 
15 15 0.36 1.12 0.58 
22 15 0.36 1.48 0.58 
1 15 0.36 1.84 0.58 
4 16 0.39 2.23 0.62 
7 16 0.39 2.62 0.62 
17 18 0.43 3.05 0.69 
25 20 0.48 3.53 0.77 
8 21 0.51 4.04 0.81 
30 21 0.51 4.55 0.81 
9 23 0.55 5.10 0.88 
26 24 0.58 5.68 0.92 
13 28 0.68 6.36 1.08 
3 29 0.70 7.06 1.12 
14 31 0.75 7.81 1.19 
16 33 0.80 8.61 1.27 
11 37 0.89 9.50 1.42 
29 71 1.71 11.21 2.73 
18 93 2.24 13.95 3.58 
19 109 2.63 16.58 4.19 

• 24 128 3.09 19.67 4.92 
28 150 3.62 23.29 5.77 
21 283 6.83 30.12 10.88 
27 720 17.37 47.49 27.69 
12 722 17.41 64.90 27.77 
5 736 17.75 82.65 28.31 
20 740 17.85 100.0 28.46
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For all the new calls, a method to determine the cell hosting the call as well as 

the call origination instant is needed. To determine the cell hosting the call, a 

pseudorandom number between 0 and 100 is generated from the uniform distribution. This 

r umber lies in the 0-100 range of cumulative proportion in Table 5.1. The corresponding 

cell in the first column of this table is designated as the host cell. 

The inter-arrival time is the inverse of call-arrival rate. An exponentially 

distributed pseudorandom number is generated and multiplied with the mean inter-arrival 

time to obtain the inter-arrival time for the next call. From this, the instant when the next 

call arrives/originates is determined. 

5.1.3. Mobile initial location and direction of travel 

The mobile can be located anywhere in the cell and could be moving in any 

direction. To model this characteristic of a cellular system, a few simplifications have 

been made. First, the cell was approximated to a circle as shown in Figure 2.4. The cell 

radius varies for different cellular systems. For SaskTel's network the cell radius is 

approximately 12 miles. If the centre of the circle in Figure 2.4 represents the origin then 

the x-coordinate of the mobile's position would satisfy the condition 

-12<_x512 . 

The variable x was determined using a pseudorandom number with uniform 

(5.7) 
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distribution scaled to satisfy the above condition. Once the x-coordinate is fixed, the y-

coordinate was similarly determined using a pseudorandom number with uniform 

distribution which is scaled to satisfy the condition 

_ 1/12 2_ x 2 5_ y 5 412 2 - x 2 • (5.8) 

Another assumption made in the model was that the mobiles move only in four 

directions, namely North, South, East and West. This is a reasonable assumption as the 

SaskTel network consists of many highways and few urban areas. It may be assumed that 

the mobile user would not change the direction of motion till at least the duration of the 

call. The average mobile velocity was assumed to be 35 miles/hour. 

5,1.4. Handoff 

As mentioned before, the process of a mobile carrying over its call from one cell 

to another is called 'handoff . When a handoff is made the mobile is assigned a free 

channel in the new cell. Thus the subscriber can carry on the conversation in a new zone 

of coverage without any perceptible break in communication link or difference in quality 

of service. This is one of the main features of the cellular system. 

Whether or not a mobile experiences a handoff depends upon many factors. Cell 

radius, direction of travel of mobile, mobile velocity, rate of change of direction, call 

duration and initial location of mobile are some of the factors that determine the 
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occurrence of a handoff. The probability of a handoff varies inversely with the cell radius 

and varies directly with the call duration and the mobile velocity. 

The past number of changes of direction made by the mobile does not give any 

information about the future number of changes of direction the mobile would make. 

Thus, the process of mobiles changing their directions of travel is memoryless. Similarly, 

the information regarding the length of a subscriber's conversation up to an instant can 

be assumed to have no influence on the future duration of that conversation. Also, the 

duration of one call by a subscriber doesn't give any information about the duration of 

a future call by the same subscriber. All these processes can be assumed to be 

memoryless. Due to this, the distribution of the time spent by a mobile in a given cell is 

exponential. Based on these properties an expression for handoffs was presented in [15]. 

This expression relates the average number of handoffs per call to the cell radius, mobile 

velocity and mean call duration and is given by: 

h — •0 7182 tv (5.9) 

where h represents average number of handoffs per call, t represents mean call duration 

in minutes, v represents the average mobile velocity, and r represents cell radius. The 

complete derivation of this result can be found in [24]. 

Handoffs in a cellular network determine the control channel loading and the 
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processing load on MTSO. These are important parameters in the design of any cellular 

network. A higher handoff-rate would create a greater processing load and require more 

control channels. 

In this simulation model it was assumed that the communication link between the 

mobile and the base station is not affected or destroyed while the mobile is in the cell in 

which the call originated/arrived. When a mobile is in the process of leaving the 

boundaries of its parent cell (i.e., the cell in which its call originated), the determination 

of the cell to which the mobile would make a handoff could be computationally complex. 

This is due to the geometry of the hexagonal cell. Except for the cells on the edges, each 

boundary (side) of a cell (hexagon) in the cluster is also a boundary (side) of another cell 

(hexagon). Even though only four directions of travel have been assumed, the mobile 

could exit a cell from any of the three boundaries in the East-West directions and any of 

the two boundaries in North-South directions. This depends upon its random initial 

location. To simplify the analysis, mobiles were assumed to move into the densest of its 

neighbours in the direction of its motion. Since in the dynamic assignment system, a call 

arriving (or originating) in a cell could be assigned a channel from another cell (using the 

selected dynamic assignment algorithm), it is quite possible for a mobile to have its call 

on the same channel before and after the handoff. 

Cells which are on the edges of a coverage area do not have a neighbour in at 
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least one of the four directions. Mobiles moving in these directions and crossing the cell 

boundaries would experience blocking on their calls in the new cell. The simulation 

model can also be used to obtain the number of handoffs and calls blocked after handoffs. 

The system was considered to be a "lost calls cleared" system implying that calls that are 

unable to seize channels are lost and do not remain (in queues) in the system. 

5.1.5. Channel occupancy 

Channel occupancy time is dependent on two events. A channel can be freed either 

when there is a call termination (voluntary or due to any fault in the system) or when the 

mobile leaves the cell during the progress of the call. In [15] it has been assumed that 

total service time and mobile motion are independent, i.e., the vehicle motion has no 

influence on the call duration. 

Based on this memoryless nature, total call duration as well as the time spent by 

a mobile in the cell are considered to be exponentially distributed. It has been shown in 

[15] that the channel occupancy time is also exponentially distributed of the type M e'. 

Based on the above considerations, the two parameters 8 and may be defined as: 

0=r1+µ 

and ri=hi.t ; 

(5.10) 

(5.11) 

where denotes the average time spent in a cell by a mobile, Uµ denotes the average 
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call duration and h denotes the average number of handoffs. Equations 5.10 and 5.11 

define the parameter e in the exponential distribution. 

From this model, channel occupancy statistics can be obtained for all the channels 

of all the cells. Time samples during which different channels are busy can also be 

obtained. For example, it is possible to find out how many times channel A of cell 3 was 

busy for continuous durations of 5 minutes, 7 minutes etc. This information can be used 

to compute average channel utilization and is very useful to system operators. It can be 

used to estimate the expected revenue. Further, it can be used in conjunction with other 

information such as the blocking probability to optimize the network. 

5.1.6. Event protocol 

The simulation comprises of three different events. These events are call-arrival, 

call-departure, and handoff. Only integer inter-arrival times and call durations were 

considered (i.e., an inter-arrival time of 1.234 was taken as 1). Thus, the time difference 

between the instants at which different events take place would be 0, 1, 2, 3, .. etc. The 

simulation is a discrete event simulation and not continuous-time. For example, if one 

event occurs at time 10 and the next event at time 25 then the clock in the simulation 

proceeds from time 10 to 25 skipping the intermediate intervals. 

The event protocol is such that if the arrival of one call and the termination of 
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another call occur at the same time, call termination will be processed first. Similarly, if 

a new call-arrival and a handoff of another call occur simultaneously, handoff is 

processed first. 

5.2. FLOWCHART AND COMPUTER PROGRAM 

The flowchart of the simulation program is given in Figure 5.1. The coded 

program is given in the Appendix. The coding was done in VAX FORTRAN 77 V5.5. 

The file 'common.inc' contains all the global variables of the program. The variable 

names were chosen, as far as possible, to be indicative of their function. The Random 

Number Generators were taken from IMSL library. The program consists of different 

subroutines. The three main events in the program are: 

1. Call-arrival 

2. Call-departure 

3. Handoff. 

Information related to call arrivals and handoffs are updated in their respective 

subroutines. Information regarding call departure and handoff instants is arranged in 

queues in chronological order. This allows the simulation to proceed in a logical 

sequence. The simulation starts with no calls in the system and with all channels in all 

cells free. Data files provide information regarding channels in cells, neighbouring cells 

to each cell, cells to which mobiles make handoff when travelling in a particular 



TRANSFER...CALL 
Set clock to handoff time. 
Check for error in event 
scheduling. 
Determine handoff cell. 
Transfer call to free channel 
in this cell. 
Record channel occupancy. 
(beyond handoff instant) 
Remove call from handoff 
queue. 

t 

DISCONNECT_CALL 
Set clock to departure 
time. 
Check for error in event 
scheduling. 
Remove call from 
departure queue. 

RESULTS 

GENERATE_CALL 

Set clock to arrival time. 
Check for error in event 
scheduling. 
Generate new call. 
Assign call to available 
channel. 
Determine whether handoff 
occurs. 
Record channel occupancy. 
(until handoff instant) 

Figure 5.1: Flowchart for the simulation program 
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d irection, and populations of different cells. 

The main input variables to the program are: 

1. Number of calls to be processed 

2. Cell radius 

3. Mean call duration 

4. Average mobile velocity 

5. Channels allocated to different cells 

6. Multiplication factor (to get different traffic values) using the weights in Table 

5.1 

The program provides information regarding: 

1. Blocking probability 

2. Number of handoffs 

3. Number of calls blocked after handoffs due to 

(a) no channels in the cell to which handoff is made 

(b) no neighbour of the previous cell (from which the mobile made 

handoff) in the direction of mobile's travel 

4. Channel occupancy in all channels of all cells 

Using different values for the input variables a wide range of information may be 
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obtained from the program. The effect of variation in each parameter may be studied. 

e results obtained from the simulation are presented in the next chapter. 
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6. RESULTS 

A simulation using FORTRAN was employed to obtain the results for the-

simulation model described in the previous chapter. The network layout is shown in 

Figure 2.1. Ten thousand calls were processed. Channels in individual cells, mean call 

auration, arrival rate, cell radius and average mobile velocity were the input variables to 

Table 6.1: Channel assignment for the network 

Cell no. Channels Cell no. Channels Cell no. Channels 

1 3 11 4 21 5 

2 3 12 8 22 3 

3 4 13 4 23 3 

4 3 14 4 24 5 

5 8 15 3 25 3 

6 3 16 3 26 3 

7 3 17 3 27 8 

8 4 18 4 • 28 5 

9 4 19 5 29 4 

10 3 20 8 30 3 

the computer program. The results obtained in this chapter have been grouped under 

different headings; namely, blocking probability variation, handoff rate and channel 

occupancy. The number of channels in each cell are as shown in Table 6.1. 
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6.1. BLOCKING PROBABILITY VARIATION WITH TRAFFIC 

Simulation was performed using a cell radius of 12 miles, average mobile velocity 

of 35 miles/hour and mean call duration of 2 minutes. 

In the first case, simulation was performed for non-uniform traffic using Fixed 

Channel Assignment. The flowchart for this assignment method is presented in Figure 6.1. 

A starting value of 1.0 was chosen for the multiplication factor. This was used to compute 

the initial traffic for each cell. Traffic was increased by fixed increments of 10% and the 

corresponding blocking probabilities were obtained. 

(ASSIGN_CHANNEL)

No 

Call is blocked 

Is channel available 
in this cell to 
handle the call 

Yes 

Assign channel to this call 

(  RETURN)

Figure 6.1: Flowchart for Fixed Channel Assignment 
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Next, for the same network and traffic values, simulation was performed 

ncorporating Dynamic Channel Assignment. The flowchart for Dynamic Channel 

Assignment is shown in Figure 6.2. The algorithm used for channel assignment is 

resented in Figure 4.4. 

• No 

No 

Are there any 
free channels 

in neighbouring cells 

Call is blocked 

(ASSIGN_CHANNEL)

Is channel available 
in this cell 

to handle the call 

Assign free channel 
employing algorithm 

of Fig. 4.4 

(RETURN)

Figure 6.2: Flowchart for Dynamic Channel Assignment 

♦ Yes 

The blocking probability variation is plotted in Figure 6.3. It may be seen that a 

significant improvement in blocking probability is achieved when Dynamic Channel 

Assignment is employed. The increase in blocking probability with increasing traffic is 

at a much lower rate for Dynamic Assignment than that for Fixed Assignment. 
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1.4 1.5 

The case of uniform traffic in all cells is considered next. Four channels are 

assigned per cell, with each cell having the same population (i.e., the weight of each cell 

is equal to 1.0). Blocking probability variation with traffic was obtained in exactly the 

same way as for the non-uniform case. In this case, the traffic corresponding to a 

multiplication factor of 3.0 has been considered as base traffic. The results are shown in 
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Figure 6.4. As can be seen, the blocking variation for the two cases shows almost the 

same rate of increase. A comparison of Figures 6.3 and 6.4 shows that the improvement 

in blocking performance using Dynamic Channel Assignment is more significant for thin 

cellular networks when the traffic is non-uniform. 
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Figure 6.4: Blocking probability variation with traffic (uniform traffic in cells). 
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The improvement in blocking probability using Dynamic Channel Assignment 

implies that fewer channels would be required by the network to provide the same grade 

of service as the Fixed Channel Assignment. This results in high spectrum efficiency. 

As is evident from the Dynamic Channel Assignment algorithm of Figure 4.4, each 

cell must have more radio equipment so that more channels can be accommodated at each 

site. This increases the network equipment cost. To reduce this requirement of radio 

equipment, without losing much of the advantage of Dynamic Channel Assignment, an 

algorithm that restricts the number of channels in a cell assigned for borrowing is 

attractive. Such an algorithm is called Restricted Dynamic Channel Assignment Algorithm 

(RDCAA). The flowchart for RDCAA is given in Figure 6.5. 

RDCAA (subroutine ALGOR_2) searches the first available assignable channel 

from a neighbouring cell and dedicates this channel to the call arriving/originating in the 

busy cell. The elaborate search in the algorithm of Figure 4.4 has been deliberately 

avoided as the borrowed channels could have a provision of being reassigned. These 

channels are used for a short period by the borrowing cell, and a detailed search for 

ensuring minimum co-channel interference is therefore not necessary. 

RDCAA allows only the designated subset of the channels assigned to a cell for 

borrowing. The channel(s) within a cell that is/are designated for borrowing can be chosen 



No 

Are there any 
free assignable channels 

in other neighbours 

67 

(ALGOR_2)

Is channel assigned 
for borrowing available 

in this cell 
9 

(RETURN)

Figure 6.5: Flowchart for Restricted Dynamic Channel Assignment 

V Yes 

beforehand by the network operator. When only specific channels are assignable for 

borrowing, the radio equipment of any cell needs only the capability to tune to the 

assignable channels of its neighbouring cells. This can result in substantially reduced 

volume of radio equipment. 

Since the channels that can be assigned for borrowing are restricted, the algorithm 
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may employ reassignment of channels for calls in progress within a cell to keep these 

channels free for making them available for borrowing. For example, if a cell has a call 

termination on one of its non-assignable channel (say, A) and it already has a call on a 

borrowed channel (i.e., an assignable channel of one of its neighbouring cells), then the 

call on the borrowed channel will be reassigned to the non-assignable channel (A). The 

borrowed channel will be freed. This channel could be used for borrowing again. 

Figure 6.6 shows the difference introduced in the simulation when RDCAA is used 

(DISCONNECT_CALI)

Set clock to departure time 

No 

Yes 

Is Restricted Dynamic 
Channel Assignment 
method employed ? 

Yes 

I Make channel free 

DISCONNECT 

(  RETURN)

igure 6.6 (a): Simulation procedure for employing reassignment during a call-departure 
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(  TRANSFER_CALL)

Set clock to handoff time 

ERRORCHK 

No 
s there no error 

V Yes 

No Is Restricted Dynamic 
Channel Assignment 
method employed ? 

Yes 

REASSIGN 

HANDOFFS 

V 

( RETURN)

igure 6.6 (b): Simulation procedure for employing reassignment during a handoff 

d reassignment is employed. The reassignment of channels is done during a handoff or 

call-departure, and is incorporated in subroutine REASSIGN. 

The blocking performance of the network employing RDCAA with reassignment 

is considered next. Figure 6.7 shows the blocking performance for the uniform traffic case 
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when RDCAA is used with channel reassignment. Different number of assignable 

channels were considered. It can be seen that when only two channels are assigned for 

borrowing, blocking performance is the best. This is due to the randomness in the 

simulation model. In a scenario where all the channels are designated for borrowing, there 

might be an instant when all the channels of a cell are borrowed by its neighbours and 
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3.3 3.6 3.9 4.2 

Traffic factor 

4.5 

Figure 6.7: Blocking probability variation with traffic using RDCAA 
with reassignment (uniform traffic in all cells). 
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the cell has no available channel to assign to a call arriving/originating at that instant. 

Such a call would be blocked. When no channels are assigned for borrowing, the network 

behaves as if it is implementing a Fixed Channel Assignment. The blocking performance 

for this case is obviously the worst. 

Next, the performance of RDCAA is obtained for the case when reassignment is 

not used. Figure 6.8 shows the blocking performance of the network using the same set 

of input variable as used to obtain the results in Figure 6.7 but employing RDCAA 

without reassignment. Here too, the blocking performance when only two channels are 

assignable is best till 30% traffic increase over the base traffic (corresponding to a 

multiplication factor of 3.0). Beyond 30% traffic increase, four assignable channels give 

the best blocking performance. This behaviour can once again be attributed to the 

randomness of the simulation. 

By comparing the results in Figures 6.7 and 6.8, it may be seen that RDCAA will 

not necessarily result in the best blocking performance when all the channels are 

assignable. There is an optimum number of assignable channels. These results are in 

agreement with results presented in [9]. The reduced complexity of radio equipment and 

good blocking performance make RDCAA an attractive choice for Dynamic Channel 

Assignment. 
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Legend 
■ 1 Channel 

❑ 2 Channels 

• 3 Channels 

O 4 Channels 

3.3 3.6 3.9 

`fraffic factor 

4.2 4.5 

Figure 6.8: Blocking probability variation with traffic using RDCAA without 
reassignment (uniform traffic in all cells). 

The blocking probability was computed for RDCAA with and without 

reassignment, with the number of assignable channels as the parameter. The results are 

presented in Figure 6.9. It can be seen that the improvement in blocking performance due 

to reassignment is quite random. For certain value of traffic, reassignment improves 
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blocking performance while for other values there is a degradation. These results also give 

an idea regarding the usefulness of employing reassignment in a given system. It may be 

mentioned that employing reassignment causes a greater processing load on the MTSO 

since it has to constantly keep track of the calls that are supported by borrowed channels. 

6.2. HANDOFF RATE 

As mentioned in the previous chapter, the determination of handoffs is an 
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important consideration for determining the control channel loading and the processing 

load for MTSO. For both uniform and non-uniform traffic cases, it was found that 

handoffs per call increased when cell radius was reduced or mean call length was 

increased or average mobile velocity was increased. Figures 6.10, 6.11, and 6.12 show 

the variation of handoff rate as functions of mean call duration, cell radius, and average 
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mobile velocity, respectively, for the Fixed Assignment case. Theoretical results (equation 
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5.9) based on the model in [15] are also shown in these figures along with the results 
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obtained from simulation. 

These results have been obtained using four channels per cell for a network of 

uniform traffic. An average mobile velocity of 35 miles/hour has been chosen. The 

simulation results are in good agreement with the theoretical results. The disagreement 

between the theoretical and simulation results increases when cell radii less than 10 miles 

are chosen. Some of the simplifying assumptions used in the simulation are not valid 

when the cell radius gets small. This explains the higher discrepancy for low values of 

cell radius. A similar argument can be made for the case of high mobile velocity. 

Using the handoff values obtained from the simulation the cumulative channel 
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Figure 6.13: Cumulative channel occupancy distribution from simulation 
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occupancy distribution was computed. The results are shown in Figure 6.13. An 

exponential distribution for channel occupancy is evident from this figure. This result is 

in agreement with the theoretical prediction for this distribution. 

6.3. CHANNEL OCCUPANCY STATISTICS 

A call arriving (originating) in one cell but terminating in another cell (due to 

handoffs) will be served by at least two channels. Such a call, therefore, will have at least 

two channel occupancies. On the other hand, a call not making a handoff will end in the 

cell in which it arrived (originated). Such a call will have only one channel occupancy. 

In this simulation model, statistics regarding the channel occupancy in every cell was 

gathered for all the channels. This was done as follows. For each channel, the product of 

occupancy times ti and frequency of this occupancy was taken. These products were 

summed up and divided by the total clock time for which the simulation was carried out. 

This gave the percentage occupancy for each channel. The percentages of occupancy for 

all channels in a cell were further summed up to give a value representing the total 

occupancy for all the channels in that cell. 

The channel occupancy statistics are plotted in Figure 6.14 as the number of cells 

with higher percentage occupancy when Dynamic Assignment is used. Non-uniform 

traffic was considered in this case. The results for uniform traffic are presented in Figure 

6.15. 
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As expected, the results show that Dynamic Channel Assignment results in a 

considerable improvement in percentage channel occupancy. This will translate to a higher 

revenue when Dynamic Channel Assignment is used. The extent of improvement varies 

with the traffic. 

To summarize, the computer program developed was used to obtain the 

performance of a cellular network with respect to some of the key parameters, such as 

blocking probability and channel occupancy. The results indicate that Dynamic Channel 

Assignment improves the performance of the cellular network significantly. The handoff 

results are useful to estimate the processing load on the MTSO. Such results can be 

obtained for a network using any set of values for cell radius, average mobile velocity etc. 
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7. CONCLUSIONS AND SUMMARY 

Application of dynamic channel assignment to SaskTel network has been studied 

using computer simulation. 

The work reported in this thesis may be summarized as: 

1. A computer program was developed for processing the calls in a cellular 

systems using Fixed, Dynamic, and Restricted Dynamic Channel Assignment methods. 

2. Using the simulation program, blocking probability was determined for different 

values of traffic. It was found that while blocking of calls increases as the traffic is 

increased, the increase is substantially lower for thin cellular networks when dynamic 

channel assignment method is used. 

3. The complexity of the radio equipment in cells can be reduced without 

compromising the advantages of dynamic channel assignment by using restricted dynamic 

channel assignment. 

4. For different values of average mobile velocity, mean call duration and cell 

radius, handoffs per call were determined from the simulation program. These results 

were found to be in good agreement with the theoretical results. 

5. Channel occupancy statistics were gathered for all the channels of all the cells. 

Dynamic Channel Assignment was found to use channels more effectively. Networks with 

dynamic assignment would generate greater revenue and would need fewer channels to 
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serve same subscriber population. 

7.1. Conclusions 

In Chapter 1 three objectives were laid down. The three statements below show 

that these objectives were realized. 

1. A computer simulation program analyzing the blocking probability with Fixed 

Channel Assignment has been developed for SaskTel cellular network in Saskatchewan. 

2. System performance improvement with Dynamic Channel Assignment has been 

obtained for different values of traffic. 

3. Channel occupancy statistics and handoff rate has been obtained for different 

values of system parameters. 

7.2. Recommendations for future study 

Some other characteristics of a cellular communication system such as fading have 

not been incorporated in the simulation model. These characteristics can be included in 

a future extension of this work. Also, data transmission using the channels freed as a 

result of implementing dynamic channel assignment is possible and needs further study. 

Processing load for the Mobile Telecommunication Switching Office can be studied in 

greater detail using the channel occupancy statistics from this simulation program. 
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C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

FORTRAN COMPUTER PROGRAM FOR A CELLULAR NETWORK 

This program gives the performance analysis of a cellular telecommunication network. It takes into 
account the handoff mechanism that is associated with the cellular system. The file that gives information 
on the neighbouring cells for each cell in the four directions of travel is DIR.DAT. NEIGHBOR.DAT 
provides complete information regarding neighbouring cells for each cell. C_CH_S DAT indicates the 
channels assigned to each cell. The relationships between cells, as given in files DIR.DAT and 
NEIGHBORDAT, is based on the layout of the network given in Figure 2.1. In files NEIGHBORDAT 
and C_CH_S DAT, a "1" indicates existence and a "0" indicates non-existence. File POP.DAT provides 
the population for each cell, and based on the cumulative proportion the host cells are determined. Queues 
are updated as and when the departure and handoff times of a call are determined. The handoff and 
departure events are placed in the queues in chronological order. The simulation is discrete-event. Data 
is collected for channel-occupancy time samples. A suitable constant MULT_ARR has been chosen to 
determine the arrival rates. 

The main parameters analyzed are Blocking Probability, Handoff Rate, and Channel Occupancy. 

MAIN PROGRAM 

include 'common.inc' 
not done = .true. 
CALL SETUP 
CALL INITIALIZE 

Do while(not_done) 

CALL NEXT_EVENT 

if(arrival) then 

CALL GENERATE_CALL 
else 

if(departure) then 

else 

endif 

endif 
endDo 

CALL RESULTS 
STOP 
END 

CALL DISCONNECT_CALL 

CALL TRANSFER_CALL 



C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
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SUBROUTINE REASSIGN(a,b,c) 

In this subroutine, attempt is made to free 
borrowed channels whenever there is a call 
departure or handoff. 

include 'common.inc' 
integer a,b,c,d,e 
logical call_on_boffowed_chnl 

call_on_borrowed_chnl = (a.ne.c) 

IF(call_on_borrowed_chnl) then 

This implies that the handoff/departing call was on a 
borrowed channel. In this case, the borrowed channel 
is made free and no reassignment needs to be done. 

CALL FREE_BORROWED_CHANNEL(a,b,c) 

ELSE 

A search is made in the cell (in which the call is 
departing, or, from where the mobile is making handoff) 
for a call on borrowed channel. 

CALL SEARCH_BORROWED_CHANNEL(c,d,e) 

If(borrowed_chnl_found) then 

If a call on borrowed channel is found then the 
channels are reallocated. 

CALL REALLOCATE_CHANNELS(a,b,c,d,e) 

ENDIF 

RETURN 
END 

endif 
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SUBROUTINE REALLOCATE_CHANNELS(a,b,c,d,e) 

C In this subroutine, channels are allocated so as to 
C free borrowed channels. 

include 'conunon.inc' 
integer a,b,c,posl,pos2,pos3,pos,d,e 
integer borrow_ch,temp_cel,temp_ch 

borrow_ch = notassch(d,e) 
CALL LOCATE_D(a,b,pos) 
posl = pos 

C posl denotes position of the handoff/departing call in 
C the departure queue. 

CALL LOCATE_D(d,borrow_ch,pos) 
pos2 = pos 

C pos2 denotes position of the call on borrowed channel 
C in the departure queue. 

CALL LOCATE_H(d,borrow_ch,pos) 
pos3 = pos 

C pos3 denotes position of the call on borrowed channel 
C in the handoff queue. 

temp_cel = a 
temp_ch = b 

if (handoff) then 

C For the case when a call undergoing handoff is NOT on 
C a borrowed channel, but the cell has a call on a 
C borrowed channel, the channels are reassigned so that 
C the borrowed channel is rendered free. 

q_handoff(1,1) = kend(pos2,1) 
q_handoff(1,2) = kend(pos2,2) 

endif 

kend(pos1,1) = kend(pos2,1) 
kend(pos1,2) = kend(pos2,2) 
kend(pos2,1) = Temp_cel 
kend(pos2,2) = temp_ch 
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C 
C 
C 

C 
C 
C 
C 

This interchanges the cell and channel address of the 
handoff/departing call with the call on borrowed 
channel. 

If(pos3.ne.0) then 

The call on borrowed channel may or may not have a 
handoff. Hence the following reassignment is done 
only when the borrowed call has been located in the 
handoff queue. 

q_handoff(pos3,1) = temp_cel 
q_handoff(pos3,2) = temp_ch 

endif 
reass(e,d,c) = 1 

RETURN 
END 
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SUBROUTINE SEARCH_BORROWED_CHANNEL(c,d,e) 

C 
C 
C 
C 

C 
C 

In this subroutine, calls on borrowed channels 
are searched within the cell in which a call is 
departing, or, from where a mobile is making a 
handoff. 

include 'common.inc' 
integer c,j,jk,d,e 

borrowed_chnl_found = .false. 
j = 1 

Do while(no_ass.and.(.not.borrowed_chnl_found). 
u and.(j.le.numcell)) 

jk = 1 
If(neighbor(c,j).eq.1) then 

Do while((jk.le.ch_xxx).and.(.not. 
u borrowed_chnl_found)) 

if(reass(jk,j,c).eq.-1) then 
borrowed_chnl_found = .true. 
d = j 
e = jk 

d and e return the address of the call on borrowed 
channel. 

else 
jk = jk + 1 

endif 
endDo 

endif 
j = j + 1 

endDo 

RETURN 
END 
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SUBROUTINE STOP_PROGRAM 

C This subroutine sets the flags for the 
C termination of the program due to an error. 

include 'conunon.inc' 

error = .true. 
not_done = .false. 
iwrong = clock_time 

RETURN 
END 
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SUBROUTINE FREE_BORROWED_CHANNEL(a,b,c) 

C 
C 
C 

This subroutine matches the borrowed channel 
with the array Notassch and renders the borrowed 
channel free. 

include 'common.inc' 
integer a,b,c 
logical free 

i = 1 
free = .false. 

Do while((i.le.ch_xxx).and.(.not.free)) 
If(notassch(a,i).eq.b) then 

reass(i,a,c) = 1 
free = .true. 

else 
i = i + 1 

endif 
endDo 

RETURN 
END 
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SUBROUTINE LOCATE_D(x,y,pos) 

C This subroutine locates the position of a call on 
C channel y from cell x in the departure queue.The 
C position is stored in 'pos'. 

include 'common.inc' 
integer pos,x,y 
logical trace 

trace = .false. 
k = 1 
pos =0 
j2 = 0 

Do while(.not.trace) 
If((kend(k,1).eq.x).and.(kend(k,2).eq.y)) then 

j2 = k 
pos = k 
trace = .true. 

else 
k = k + 1 

endif 
endDo 

RETURN 
END 
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SUBROUTINE LOCATE_H(x,y,pos) 

C 
C 
C 

This subroutine locates the position of a call on 
channel y from cell x in the handoff queue. The 
position is stored in 'pos'. 

include 'common.inc' 
integer x,y,pos 
logical trace 

j3 = 0 
pos = 0 
K = 1 
trace = .false. 

Do while((k.le.600).and.(.not.trace)) 
If((q_handoff(k,1).eq.x).and. 

u (q_handoff(K,2).eq.y)) then 

j3 = k 
pos = k 
trace = .true. 

endif 
k = k + 1 

endDo 

RETURN 
END 
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SUBROUTINE SETUP 

C This subroutine reads the data files, inputs variable 
C values, initializes variables and arrays, and 
C arranges cells in increasing order of population. 

include 'common.inc' 
logical correctl_entry,correct2_entry,correct3_entry 

open(unit=2,file ='c_ch_s.dat',status='old') 
open(unit=3,file ='Neighbor.dat',status='old') 
open(unit=4,fil 'Pop.dat',status='old') 
open(unit=9,fil 'Dir.dat',status='old') 
open(unit=13,fil 'results.out',status='new') 
open(unit=14,fil 'cell.staf,status='new') 

C INPUT DATA TO PROGRAM 

write(*,*)'ENTER NUMBER OF CALLS TO BE PROCESSED' 
Read(*,*) NUM_CALL 
write(*,*) 'ENTER MEAN CALL LENGTH IN MIN.' 
Read(*,*) CALL_LENGTH 
write(*,*) 'ENTER RADIUS OF CELL IN MILES' 
Read(*,*) RADIUS 
write(*,*) 'ENTER VELOCITY OF MOBILE IN MILES/HR' 
Read(*,*) VEL 
write(*,*) 'ENTER MULTIPLICATION FACTOR FOR ARRIVAL' 
write(*,*) ' RATE' 
Read(*,*) MULT_ARR 

correctl_entry = .false. 

Do while(not.correctl_entry) 

write(*,*) 'ENTER 0 for FIXED CHANNEL ASSIGNMENT,' 
write(*,*) ' 1 for DYNAMIC CHANNEL ASSIGNMENT,' 
write(*,*) ' and 2 for RESTRIC1ED DYNAMIC CHANNEL' 
write(*,*) ' ASSIGNMENT.' 
write(**)" 
Read(*,*) METHOD 

If((method.eq.0).or.(method.eq.1).or. 
u (method.eq.2)) correctl_entry = .true. 
endDo 

correct2_enny = .false. 
correct3_entry = .false. 
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if(method.eq.2) then 
Do while(.not.correct2_entry) 

write(*,*) 'ENTER NUMBER OF ASSIGNABLE CHANNELS,' 
write(*,*) ' maximum =4' 
Read(*,*) CH JOCX 
If(ch_xxx.le.4) correct2_entry = .true. 

endDo 

if(ch_xxx.ne.0) then 
Do while(.not.correct3_entry) 
write(*,*) 'ENTER 1 for Reallocation of channels,' 
write(*,*) ' 0 otherwise' 
Read(*,*) REALOCATE 
If((realocate.eq.0).or.(realocate.eq.1)) then 

correct3_entry = .true. 
endif 

endDo 
endif 

endif 

C INITIALIZE VARIABLES 

error = .false. 
izero = 0 
inzero = 0 
iba = 0 
ica = 0 
irun = 0 
sum = 0.0 
seed = 163467 
in_seed = 163467 
inf = 2147483647 
finish_time = inf 
clock_time = 0 
numblock = 0 
call_comp = 0 
q_length = 0 
h_length = 0 
tot_call = 0 
ij = 1 
cell_q = 0 
handover = 0 
ih_block = 0 
hl block = 0 
ip = 1 
q_cell(1) = 0 
q_cell(2) = 0 
dynamic = .false. 
fixed = .false. 
restricted = .false. 
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If(method.eq.0) fixed = .true. 
If(method.eq.1) dynamic = .true. 
If(method.eq.2) restricted = .true. 

C CONVERT TO FLOATING POINT 

alngth = call_length 

READ AND INITIALIZE THE ARRAY VALUES 

CALL LIB$INIT_T1MER 

Read(4,*) N_pop 
Read(2,*) NCH 
Do i =1,600 

kend(i,3) = inf 
q_handoff(i,3) = inf 

endDo 
Do i = 1,Numch 

Do j = 1,numcell 
Do k = 1,50 
time(i,j,k) = 0 
w_o(numch,numcell,50) = 0.0 
t_o(numch,numcell) = 0.0 
c_o(numch,numcell) = 0.0 
cell_c_o(j) = 0.0 

endDo 
endDo 

endDo 
Do 2 I= 1,Numcell 

Read(3,*) (Neighbor(i,j),j=1,Numcell) 
2 Continue 

Do 12 I = 1,Numch 
Read(2,*) (c_ch_s(i,j),j=1,numcell) 

12 Continue 
Do 22 i = 1,numcell 

Read(2,*) cell_ch(i) 
22 Continue 

Do 32 I=1,Numcell 
Read(9,*) (bb(i,j),j=1,4) 

32 Continue 

Do I= 1,N_pop 
Read(4,*) pop(i) 
sum = sum + pop(i) 

endDo 
Do I = 1,N_pop 

prop(i) = pop(i)/sum * 100 
endDo 

write(13,*) ' OUTPUT DATA ' 
write(13,*) ' ' 
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C INCREASING CELL PROPORTION AND CUMULATIVE PROPORTION 

Do i=1,n_pop 
ik(i)=i 

endDo 
Do j = 1,N_pop 

A = prop(j) 
Ia=ik(J) 
1 = j + 1 

Do k = I,N_pop 
B = prop(k) 
ib=ik(k) 

If(A.gt.B) then 

prop(J) = B 
prop(K) = A 
A =B 
IK(J)=ib 
IK(k)=ia 
ia=ib 

endif 
endDo 

endDo 
cum_prop(1) = prop() 
nn = n_pop - 1 

Do 42 i = 1,nn 
j = i + 1 
cum_prop(j) = prop(j) + cum_prop(i) 

42 Continue 

44 CALL SVRBN(30,pop,pop_srt) 
pop_avg = (pop_srt(15) + pop_srt(16))/2 

Do 52 i = 1,n_pop 
aff_wt(i) = pop_srt(i)/pop_avg 

52 Continue 

Do 62 i = 1,n_pop 
rate(i) = arr_wt(i) * mult_aff 

62 Continue 

If(restricted) then 
CALL REASS_INITIALI7F

endif 

RETURN 
END 
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SUBROUTINE RESULTS 

C This subroutine calculates channel occupancy and 
C prints the results. 

include 'common.inc' 

C OUTPUT STATISTICS 

write(*,*) " 
r_call = tot call 
ablock = numblock 

C Only real values can be used to calculate blocking. 

blo_prob = (ablock/r_call) * 100 
r_handoff = handover 
sim_hpc = r_handoff/r_call 
anal_hpc =(0.7182 * call_length * vel)/(60 * radius) 
hpc_err = ((anal_hpc - sim_hpc)/anal_hpc) * 100 

C sim_hpc and anal_hpc are handoff values per call from 
C simulation and analytical formula respectively. hpc_err 
C denoted error in the two values. 

write(*,*) " 
if(method.eq.0) then 

write(*,*) ' OUTPUT FOR FIXED ASSIGNMENT ' 
write(13,*) ' OUTPUT FOR FIXED ASSIGNMENT ' 

else 
if(method.eq.1) then 

write(*,*) ' OUTPUT FOR DYNAMIC ASSIGNMENT ' 
write(13,*) ' OUTPUT FOR DYNAMIC ASSIGNMENT ' 

else 
if(method.eq.2) then 

write(*,*) 'OUTPUT FOR RESTRICTED DYNAMIC ASSIGNMENT' 
write(13,*) 'OUTPUT FOR RESTRICTED DYNAMIC ASSIGNMENT' 

endif 
endif 

endif 
write(*,*) " 

write(*,*) 'TOTAL NO. OF RUNS = ',IRUN 
write(*,*) 'TOTAL SIM. PROCESSED CALLS = ',TOT_CALL 
write(*,*) 'TOTAL COMPLETED CALLS = ',call_comp 
write(*,*) 'TOTAL zero length CALLS = ',izero 
write(*,*) 'TOTAL non-zero length CALLS = ',inzero 
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write(*,*) 'NUMBER OF BLOCKED CALLS = ',numblock 
write(*,*) 'NUMBER OF HANDOFFS = ',handover 
write(*,1111) SIM_HPC 

1111 Format(lx, 'HANDOFFS PER CALL (sim.) = ',3x,F9.5) 
2222 Format(lx, 'HANDOFFS PER CALL (anal.) = ',3x,F9.5) 

write(*,2222) ANAL_HPC 
write(*,*) 'ERROR% SIM. AND ANAL.RESULTS= ',HPC_ERR 
write(*,*) " 
write(*,*)'Number of handoffs blocked due to' 
write(*,*)' busy channer,ih block 
write(*,*)'Number of handoffs blocked due to' 
write(*,*)' no neighbors',hl_block 
write(*,*) " 
write(*,3333) BLO_PROB 

3333 Format(lx, 'BLOCKING PROBABILITY % = ',F6.2) 
write(*,*) " 
write(*,*) ' INPUT' 
write(*,*) '
write(*,*) 'TOTAL SIM. PROCESSED CALLS = ',NUM_CALL 
write(*,*) 'MEAN CALL LENGTH IN MIN. =',CALL_LENGTH 
write(*,*) 'CELL RADIUS IN MILES = ',RADIUS 
write(*,*) 'AVERAGE MOBILE VEL.(M/Hr.) = ',VEL 
write(*,*) 'MULTIPLYING CONSTANT = ',MULT_ARR 

if(method.eq.2) then 
write(*,*) 'ASSIGNABLE CHANNELS = ',CH_XXX 
If(realocate.eq.1) then 
write(*,*) 'REASSIGNMENT DONE ' 

else 
write(*,*) 'REASSIGNMENT NOT DONE ' 

endif 
endif 

write(13,*) " 
write(13,*) " 
write(13,*) 'TOTAL NO. OF RUNS = ',IRUN 
write(13,*) 'TOTAL SIM. PROCESSED CALLS = ',TOT_CALL 
write(13,*) 'TOTAL COMPLETED CALLS = ',call_comp 
write(13,*) 'TOTAL zero length CALLS = ',izero 
write(13,*) 'TOTAL non-zero length CALLS = ',inzero 
write(13,*) 'NUMBER OF BLOCKED CALLS = ',numblock 
write(13,*) 'NUMBER OF HANDOFFS = ',handover 
write(13,1111) SIM_HPC 
write(13,2222) ANAL_HPC 
write(13,*) 'ERROR% SIM. AND ANAL.RESULTS= ',HPC_ERR 
write(13,*) ' 
write(13,*)'Number of handoffs blocked due to' 
write(13,*)' busy channel',ih_block 
write(13,*)'Number of handoffs blocked due to' 
write(13,*)' no neighbors',hl_block 
write(13,*) '
write(13,3333) blo_prob 
write(13,*) '



102 

write(13,*) ' INPUT' 
write(13,*) " 
write(13,*) 'TOTAL SIM. PROCESSED CALLS = ',NUM_CALL 
write(13,*) 'MEAN CALL LENGTH IN MIN. = ',CALL LENGTH 
write(13,*) 'CELL RADIUS IN MILES = ',RADIUS—
write(13,*) 'AVERAGE MOBILE VEL.(M/Hr.) = ',VEL 
write(13,*) 'MULTIPLYING CONSTANT = ',MULT_ARR 
write(13,*) 'INITIAL SEED = ',in_seed 
write(13,*)'
write(13,*) 'CLOCK = ',CLOCK_TIME 
write(13,*) " 

if(method.eq.2) then 
write(13,*) 'ASSIGNABLE CHANNELS = ',CH_XXX 

If(realocate.eq.1) then 
write(13,*) ' ***** REASSIGNMENT DONE *** ' 

else 
write(13,*) ' ***** REASSIGNMENT NOT DONE ****' 

endif 
endif 

C CALCULATION OF CHANNEL OCCUPANCY 

riclock = clock time 

Do i = 1,numch 
Do j = 1,numcell 

If(c_ch_s(i,j).ne.0) then 
Do k = 1,50 

If(time(i,j,k).ne.0.0) then 
w_o(i,j,k) = k * time(i,j,k) 

C Array w_o contains occupancy of channel i from 
C cell j for different values of sample times k. 

if(k.eq.50) w_o(i,j,k) = 0.0 
t_o(i,j) = t_o(i,j) + w_0(ij,10 

C Array t_o contains total occupancy of channel i from 
C cell j for all values of sample times k. 

endif 
endDo 

c_o(i,j) = (t_o(i,j)/riclock) * 100 

C Array c_o expresses occupancy of channel i from cell j 
C as a percentage of the simulated clock time. 

endif 
endDo 

endDo 
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Do j = 1,numcell 
Do i = 1,numch 

cell_c_o(j) = cell_c_o(j) + c_o(i,j) 

C Array cell_c_o adds the channel occupancies for all 
C channels within each cell. 

endDo 
endDo 
write(13,*) ' 
write(13,4444) (i,i=1,10) 

4444 format(//(1x,10(1x,i4,2x))) 
write(13,*) " 
write(13,5555) (cell_c_o(j),j=1,10) 

5555 format(//(1x,10(f7.2))) 
write(13,4444) (i,i=11,20) 
write(13,5555) (cell_c_o(j),j=11,20) 
write(13,4444) (i,i=21,30) 
write(13,5555) (cell_c_o(j),j=21,30) 
write(13,*)'NUMBER OF CHANNELS = ',nch 
write(13,*) " 
write(13,*)'CET I CHANNELS' 

Do6666 I = 1,30 
write(13,7777) i,cell_ch(i) 

7777 format(3X,I2,9X,I3) 
6666 Continue 

write(*,*) 'CLOCK TIME = ',clock_time 
write(13,*) 'CLOCK TIME = ',clock_time 

CALL LIB$SHOW_TIMER 

If(.not.error) then 
write(*,*) ' ALL EVENTS SCHEDULED IN CORRECT ORDER' 
write(13,*) 'ALL EVENTS SCHEDULED IN CORRECT ORDER' 

else 
write(*,*) 'error is at time ',iwrong 

endif 

RETURN 
END 



104 

SUBROUTINE TRANSFER_CALL 

C In this subroutine, the clock is advanced to the 
C handoff time at the top of the handoff queue 
C (i.e.,least handoff time). For Restricted Dynamic 
C Channel Assignment, channels are reassigned. The 
C cell to which the mobile is making a handoff is 
C determined. 

include 'common.inc' 

clock_time = q_handoff(1,3) 

CALL ERRORCHK 
iff.noterror) then 

if(restricted) then 
CALL REASSIGN(q_handoff(1,1),q_handoff(1,2), 

u q_handoff(1,4)) 

C During a handoff, reassignment of the channels needs 
C to be done for Restricted dynamic channel reassignment 
C method. Subroutine REASSIGN searches for calls on 
C borrowed channels and reassigns channels to free these. 

endif 

CALL HANDOFFS 

C This subroutine allows the call to be Continued in the 
C cell towards which the mobile is travelling. 

endif 

RETURN 
END 
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SUBROUTINE HANDOFFS 

C This subroutine frees the channel occupied by the 
C mobile prior to the handoff. It finds the position 
C of this call in the departure queue, the cell to 
C which the mobile is making a handoff, and whether 
C the new cell can support the call. If the call is 
C Continued in the new cell, the status of the 
C channel supporting the call is set to busy, and 
C channel occupancy in recorded in the new cell. The 
C call is fmally removed from the handoff queue. 

logical found 
include 'common.inc' 

C HANDOFF OF CALL 

c_ch_s(q_handoff(1,2),q_handoff(1,1)) = 1 

C The channel occupied by the mobile making the handoff 
C is made free. 

j = 1 
found = .false. 

Do while ((j.le.600).and.(.not.found)) 
iff(kend(j,1).eq.q_handoff(1,1)).and. 

u (kend(j,2).eq.q_handoff(1,2))) then 

ip= 

C The position of the call undergoing handoff is determined 
C in the departure queue and is stored in ip. 

found = .true. 
else 

.i=i+ 1
endif 

EndDo 
IF(.not.found) then 

CALL STOP PROGRAM 
ELSE 
if(BB(q_handoff(1,4),i_dir).ne.0) then 

hostcell = BB(q_handoff(1,4),i_dir) 

C If there is a neighboring cell in the direction of the 
C mobiles travel, then that cell is the new hostcell for 
C the call. 
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CALL AS SIGN_CHANNEL 

if(.not.blocked) then 

c_ch_s(opt_ch,opt_cel) = -1 
kend(ip,1) = opt_cel 
kend(ip,2) = opt_ch 
kend(ip,4) = host cell 
occupancy = kend(ip,3) - q_handoff(1,3) 

C The occupancy of channel for the remainder of call in 
C the new cell (i.e. occupancy of channel kend(ip,2) ) is 
C stored in variable 'occupancy'. 

time(opt_ch,opt_cel,occupancy) = time(opt_ch,opt_cel, 
u occupancy) + 1 

C This finds the frequency of channel occupancy duration 
C for this particular sample value (stored in 'occupancy') 
C for channel opt_ch from cell opt_cel. 

else 
ih_block = ih_block + 1 
CALL DISCONNECT 

C 
C 

C 
C 

C 
C 

If there is no free channel in the new cell to serve 
the call, the call is disconnected. 

endif 
else 

hl_block = hl block + 1 

If there is no neighboring cell in the direction of 
travel, the call is disconnected. 

CALL DISCONNECT 
endif 

ip = 1 

CALL H_SHORTEN 

The handoff queue is shortened once this handoff is 
completed. 

ENDIF 

RETURN 
END 
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SUBROUTINE DISCONNECT_CALL 

C In this subroutine, reassignment of channels is 
C done for restricted dynamic channel assignment. The 
C status of the channel supporting the departing call 
C is made free and call is removed from the depart 
C queue. 

include 'common.inc' 

clock_time = fmish_time 
CALL ERRORCHK 

if(not.effor) then 

if(restricted) then 

C For restricted dynamic assignment case, reassignment 
C is done when a call is getting disconnected. 

CALL REASSIGN(kend(1,1),kend(1,2), 
u kend(1,4)) 

endif 

C The channel serving the departing call is made free. 

c_ch_s(kend(1,2),kend(1,1)) = 1 
CALL DISCONNECT 

endif 

RETURN 
END 
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SUBROUTINE ASSIGN_CHANNEL 

C In this subroutine, a search is made for a channel 
C to support the call in host cell. First a search is 
C made employing the algorithm of fixed channel 
C assignment. If no free channel is found during this 
C search, then for the fixed assignment method, the 
C call is blocked. However, for the dynamic assignment 
C and restricted dynamic assignment cases, a search is 
C made employing ALGOR_1 and ALGOR_2 respectively. 

include 'common.inc' 
logical chan_found 

C host_cell is the cell that gets the call 
blocked = .false. 

***************************************************** 

C ALGORITHM FOR FIXED CHANNEL ASSIGNMENT 

chan_found = .false. 
i = 1 

Do while ((.not.chan_found).and.(i.le.numch)) 
if (c_ch_s(i,host_cell).eq.1) then 

opt_cel = host_cell 
opt ch = i 
chan_found = .true. 

else 
i = i + 1 

endif 
endDo 

***************************************************** 

If(.not.chan_found) then 

C If no free channel is found in the host cell, then 
C for dynamic channel assignment and restricted dynamic 
C channel assignment cases a search is made in the 
C neighbouring cells according to the algorithms. 

block = 
If(dynamic) CALL ALGOR_1 
If(restricted) CALL ALGOR_2 

endif 
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If(.not.block) then 

C Available channel is made busy. 

endif 

RETURN 
END 

c_ch_s(opt_ch,opt_cel) = -1 
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SUBROUTINE GENERATE_CALL 

C 
C 

n this subroutine, the clock_time is advanced 
o the arrival time and a new call is generated. 

include 'common.inc' 

clock_time = arrival_time 
CALL ERRORCHK 
IF(.noierror) CALL ARRIVALS 

C Generate new call. 

RETURN 
END 
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SUBROUTINE NEXT_EVENT 

C 
C 
C 

C 
C 
C 

In this subroutine the next event is determined 
on comparing the arrival, departure and handoff 
times, and using the protocols. 

include 'common.inc' 

arrival = .false. 
departure = .false. 
handoff = .false. 

If a handoff and a call-arrival occur at the same 
time, handoff holds precedence. The order of 
precedence is : departure > handoff > arrival. 

If(q_handoff(1,3).1e.arrival_time) then 
If(fmish_time.le.q_handoff(1,3)) then 

departure = .true. 
else 

handoff = .true. 
endif 

else 
if(arrival_time.ge.finish_time) then 

departure = .true. 
else 

arrival = .true. 
endif 

endif 

RETURN 
END 
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SUBROUTINE INITIALIZE 

C In this subroutine, the cell number hosting the 
C first call, and the call arrival time in this cell 
C is generated. 

include 'common.inc' 

C compute first arrival 

CALL HOSTCELL 
CALL HOST_Q 
call_min = rate(icount) 

C arrival_time - next future call arrival time 

C inter-arrival times are exponentially distributed. 

IAT = (1/call min) * EXPONENTIAL (seed) 
ica = ica + 1 
anival_time = iat + clock_time 

C iat=inter arrival time, ita = time of arrival of call. 

clock_time = arrival_time 
itest = clock_time 

C itest will be used to check event scheduling. 

if (clock_time.h.0) then 
CALL STOP_PROGRAM 

else 
CALL ARRIVALS 

endif 

RETURN 
END 
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SUBROUTINE ERRORCHK 

C 
C 

In this subroutine, proper scheduling of 
different events is checked. 

include 'common.inc' 
If(clock_time.lt.itest) then 

CALL STOP PROGRAM 
else 

itest = clock time 
endif 

RETURN 
END 
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SUBROUTINE ARRIVALS 

C In this subroutine, the cell number hosting the 
C next call, and the call arrival time in this cell 
C is generated. 

include 'common.inc' 

CALL HOSTell
CALL HOST_Q 

call_min = rate(icount) 
C arrival_time = next future call arrival time 

iat = (1/call_min) * EXPONENTIAL (seed) 

ica = ica + 1 
arrival_time = iat + clock_time 

host_cell = q_cell(1) 

C Host cell is determined from the queue in 
C subroutine host_q. After that, the queue is 
C shortened in subroutine NXT_IN-Q. 

CALL NXT_IN_Q 
CALL ALLOCATE 

C In subroutine ALLOCATE, a free channel is searched 
C for the cell, and if found, the call duration is 
C generated and handoff is determined. 

tot call = call_comp + numblock 

C Total calls processed are incremented. 

If(tot_call.eq.num_call) then 
not done = .false. 

endif 

If (kend(1,3).1tImish_time) then 
finish_time = kend(1,3) 

C The depart time corresponding to the first entry 
C of the departure queue is assigned to the finish 
C time. 

endif 
RETURN 
END 
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SUBROUTINE DISCONNECT 

C 
C 
C 

C 
C 

In this subroutine, the departing call is removed 
from the depart queue and processed calls are 
incremented. 

include 'common.inc' 

CALL SHORTEN_Q 

The departing call is removed from the system by 
shortening the departure queue. 

call_comp = call_comp + 1 
inzero = inzero + 1 
tot_call = call_comp + numblock 
If(tot_call.eq.num_call) not_done = .false. 

If(ij.eq.0) then 
CALL STOP_PROGRAM 

endif 

RETURN 
END 
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SUBROUTINE HOSTCELL 

C In this subroutine, cell numbers are generated by 
C generating a random number from the uniform 
C distribution. The random number is then matched with the 
C cumulative proportion to determine the cell no. 

include 'common Inc' 

random no = 100 * UNIFORM (seed) 

Do while (random no.eq.0.0) 
random no = 100 * UNIFORM (seed) 

endDo 

icount = 1 

C The random number generated is matched to the 
C cumulative proportion of populations of different 
C cells. The match determines the cell hosting the 
C call. 

Do while (random_no.ge.cum_prop(icount)) 
icount = icount + 1 

endDo 

ih_cell = ik(icount) 
cell_nxt = lk(icount) 

RETURN 
END 
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SUBROUTINE HOST_Q 

C 
C 
C 

In this subroutine, the cell numbers generated 
are placed in a queue in the order in which 
they were generated. 

include 'common.inc' 

cell_q = cell_q + 1 

if(cell_q.le.2) then 
q_cell(cell_q) = cell_nxt 

CALL STOP_PROGRAM 
else 

endif 

RETURN 
END 
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SUBROUTINE NXT_IN_Q 

C 
C 

This subroutine shortens the queue of cell 
numbers. 

RETURN 
END 

include 'common.inc' 

cell_q = cell_q - 1 

q_cell(1) = q_cell(2) 
q_cell(2) = 0 
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SUBROUTINE ALLOCATE 

C In this subroutine, a call is assigned a free 
C channel. Call duration is generated and handoffs 
C are determined. 

include 'common.inc' 
logical traced 

iba = ica - 1 
CALL ASSIGN_CHANNEL 

IF(.not.blocked) then 
ilngth = call_length * EXPONENTIAL (seed) 
end time = clock_time + ilngth 

If(end_time.eqclock_time) then 

C This means that the call duration is zero. Such 
C a call is removed from the system and statistics 
C are updated. 

c_ch_s(opt_ch,opt_cel) = 1 
call_comp = call_comp + 1 
tot_call = call_comp -- numblock 
izero = izero + 1 
occupancy = 50 
time(opt_ch,opt_cel,occupancy) = time(opt_ch,opt_cel, 

occupancy) + 1 

C This finds the frequency of calls of length zero. 

C The borrowed channel serving a call of zero duration is 
C rendered free below. 

if(restricted) then 
if(opt_cel.ne.host_cell) then 

i= 1 
traced = 

Do whileffile.ch_xxx).and.(.not.traced)) 
Iffnotassch(opt_cel,i).eq.opt_ch) then 

traced = .true. 
reass(i,opt_cel,host_cell) = 1 

else 
i = i + 1 

endif 
endDo 
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endif 
endif 

else 
CALL DEPART 

C 
C 

C 

C 
C 
C 
C 

Since the call is of non-zero duration, it is placed 
appropriately in the departure queue. 

FINDING LOCATION OF MOBILE AND DIRECTION OF MOTION 

randl = UNIFORM (seed) 
x = radius * (2*rand1-1) 
rand2 = UNIFORM (seed)_ 
y = sqrt(radius * radius - x*x) * (2*rand2-1) 

x and y co-ordinates of the mobile's initial location 
are generated above. Next, the direction of travel is 
determined. i_dir has values of 1, 2, 3 or 4 
corresponding to the four directions of travel. 

rand3 = UNIFORM (seed) 
i_dir = (4 * rand3) + 1 
If(i_dir.gt.4) jdir4 = jdir4 + 1 

C s is the distance from the mobile's initial location to 
C the cell boundary in the direction of travel. 

s = abs(sqrt(radius * radius - x*x)-y) 

If(i_dir.eq.2) s = abs(-sqrt(radius * radius-x*x)-y) 
If(i_dir.eq.3) s = abs(sqrt(radius * radius-y*y)-x) 
If(i_dir.eq.4) s = abs(-sqrt(radius * radius-y*y)-x) 

r_ilngth = ilngth 

C d gives the distance travelled by the mobile during the 
C course of the call in progress. vel is mobile velocity. 

d = (r_ilngth/60.0) * vel 

if(d.ne.0) then 
if(d.ge.$) then 

cross_time = (s/vel)*60.0 

C cross_time is the time after which the mobile makes a 
C handoff. The mobile makes the handoff at time ih. 

ih = clock time + cross_time 
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handover = handover + 1 

C If a handoff is made, the call is supported by a 
C channel in the cell in which it arrived, and by 
C another channel in the cell to which handoff is 
C made. Thus, a handoff call has more than one channel 

C occupancies. The variable 'occupancy', here, stores the 
C channel occupancy before the handoff is made. 

occupancy = cross_time 
If(occupancy.eq.0) occupancy = 50 

C 

C 
C 

C 

The handoff times are placed in the handoff queue. 

CALL H_DEPART 
else 

ih = inf 
occupancy = ilngth 

When no handoff is made, channel occupancy is the 
time equal to the call duration. 

endif 
else 

ih = inf 
occupancy = 50 

endif 
time(opt_ch,opt_cel,occupancy) = time(opt_ch,opt_cel, 

u occupancy) + 1 
iht = ih 
idep = end_time 

endif 
ELSE 

numblock = numblock + 1 

numblock stores the number of blocked calls. 

ENDIF 

RETURN 
END 

irun = irun + 1 
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SUBROUTINE H_DEPART 

C 
C 

C 

C 
C 

C 

This subroutine inserts a new handoff call in 
the queue at the appropriate position. 

include 'common.inc' 

h_length = h_length + 1 

ia = 1 
Do while (ih.gt.q_handoff(ia,3)) 

ia = ia + 1 
endDo 

Above part searches for insertion point. 

j = h_length 
Do while (j.gt.ia) 

jjj = j - 1 
q_handoff(j,1) 
q_handoff(j,2) 
q_handoff(j,3) 
q_handoff(j,4) 
j = j - 1 

endDo 

= q_handoff(jjj,1) 
= q_handoff(jjj,2) 
= q_handoff(jjj,3) 
= q_handoff(jjj,4) 

Above part moves items in queue down one position to 
insert. 

q_handoff(j,1) = opt_cel 
q_handoff(j,2) = opt_ch 
q_handoff(j,3) = ih 
q_handoff(j,4) = host_cell 

Above part inserts new information in queue. 

RETURN 
END 
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SUBROUTINE H_SHORTEN 

C 
C 

This subroutine shortens the handoff queue once 
the handoff has been processed. 

include 'common.inc' 

if(h_length.le.0) then 
write(*,*) ' There is an error in queue' 
ij = 0 

else 
h_length = h_length - 1 

endif 

= 1 
Do while (i.le.h_length) 

iii= i + 1 
q_handoff(i,l) = q_handoff(iii,1) 
q_handoff(i,2) = q_handoff(iii,2) 
q_handoff(i,3) = q_handoff(iii,3) 
q_handoff(i,4) = q_handoff(iii,4) 
i = i + 1 

endDo 

iq = h_length + 1 
Do 12 k = 1,4 

q_handoff(iq,k) = 2147483647 
12 Continue 

RETURN 
END 
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SUBROUTINE SHORTEN_Q 

C This subroutine shortens the departure queue once 
C the call has been processed. 

include 'common.inc' 

if(q_length.le.0) then 
CALL STOP PROGRAM 

else 
q_length = q_length - 1 

endif 

i = ip 
Do while (i.le.q_length) 

iii= i + 1 
Kend(i,1) = Kend(iii,1) 
Kend(i,2) = Kend(iii,2) 
Kend(i,3) = Kend(iii,3) 
Kend(i,4) = Kend(iii,4) 
i = i + 1 

endDo 

1 

iq = q_length + 1 
Do 12 k = 1,4 

kend(iq,k) = 2147483647 
Continue 

finish_time = kend(1,3) 

RETURN 
END 
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SUBROUTINE REASS_INITIALIZE 

C In this subroutine, the variables and arrays used 
C n Restricted Dynamic Channel Assignment are 
C initialized. 

include 'common.inc' 
integer identity 

C INITIALI7F ARRAYS AND VARIABLES 

no_ass = .false. 
If(realocate.eq.1) no_ass = .true. 

Do i = 1,4 
Do j = 1,30 
Do k = 1,30 

reass(i,j,k) = 0 
endDo 

endDo 
endDo 
Do i = 1,30 

Do j = 1,4 
notassch(i,j) = 0 

endDo 
endDo 

if(ch_xxx.gt.0) then 

Do j = 1,numcell 
Do i = 1,numch 

if(c_ch_s(i,j).eq.1) identity = i 

endDo 

C The variable identity stores the last channel no. for 
C each cell. 

Do i = 1,ch_xxx 

C The numbers of the channels that are designated for 
C lending to neighbouring cells are stored in array 
C notassch. For example, notassch(5,2) = 15 implies 
C that the second assignable channel in cell 5 is 
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C channel number 15. If a cell has 4 channels, and 
C tw o of them are assignable, then these will be 

C the third and fourth channels. For this reason, the 
C variable 'identity' helps in determining the channel 
C numbers of the assignable channels. 

notassch(j,i) = (i - ch_xxx) + identity 

endDo 
endDo 

endif 

RETURN 
END 
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SUBROUTINE ALGOR_1 

C This subroutine is for the assignment of channel 
C in the case of Dynamic Channel Assignment. 
C The algorithm used is given in Figure 4.4 of thesis. 

include 'common.inc' 

logical neighbors_chkd 
logical all_cluils_chkd 
logical all_cells_chlcd 
logical free_channels_checked 
integer free_ch,max,channels,neighbors 
integer cells,available_channels 

max =0 
neighbors_chkd = .false. 
neighbors =1 

Do while (.not.neighbors_chkd) 
If(neighbor(host_cell,neighbors).eq.1) then 

C This checks if the cell "neighbors" is a neighbour of the cell "Host cell" 

all_chnls_chlcd = .false. 
channels = 1 

Do while(not.all_chnls_chkd) 
If(c_ch_s(channels,neighbors).eq.1) then 

C This checks if the channel "channels" in cell "neighbors" is free 

min = 999 

C min is assigned any large value 
all_cells_chkd = .false. 
cells = 1 

Do while(.not.all_cells_chkd) 
If((cells.ne.host_cell).and.(cells.ne.neighbors)) then 

If(c_ch_s(channels,cells).ne.0) then 

C A channel can be busy (status -1) or free (status 1). This checks for interferable cells. 

free_ch=0 



129 

free_channels_checked = .false. 

available_channels = 1 

Do while(.not.free_channels_checked) 
If(c_ch_s(available_channels,cells) 
.eq.1) then 

This counts the number of free channels in interferable cell "cells" 

free_ch = free_ch + 1 
endif 

available_channels = available_channels + 1 
free_channels_checked = (available_channels.gt.numch) 

enddo 

If(free_ch.limin) min = free_ch 

endif 
endif 

cells = cells + 1 
all_cells_chkd = (cells.gt.numcell) 

enddo 
if(min.gt.max) then 

max = min 
opt_ch = channels 
opt_cel = neighbors 

endif 
endif 

channels = channels + 1 
all_chnls_chkd = (channels.gt.numch) 

enddo 
endif 

neighbors = neighbors + 1 
neighbors_chkd = (neighbors.gt.numcell) 

enddo 
If(max.gt.0) then 

block = .false. 
else 

block = .true. 
endif 

RETURN 
END 
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SUBROUTINE ALGOR_2 

C 
C 
C 
C 
C 

C 

C 

C 
C 

This algorithm is for the assignment of channel 
in the case of restricted dynamic channel 
assignment. In this algorithm, a cell can borrow 
the first free assignable channel that is found 
during the search of its neighboring cells. 

include 'common.inc' 
logical search 

host cell is the cell that gets the call. 

search = .false. 

ch_xxx is the number of assignable channels. 

If((ch_xxx.gt.0).and.(.not.search)) then 

j = 1 
Do while((j.le.numcell).and.(.not.search)) 

If(neighbor(host_cell,j).eq.1) then 

k = 1 
Do while((k.le.ch_xxx).and.(.not.search)) 

Array notassch contains the channels numbers of the 
k assignable channels of each cell j. 

If(c_ch_s(notassch(j,k),j).eq.1) then 
opt_ch = notassch(j,k) 
opt_cel= j 
reass(k,j,host cell) = -1 
search = .true. 

else 

endif 
endDo 

endif 

j = j + 1 

endDo 
endif 

k = k + 1 
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If(.not.search) then 
blocked = .true. 

else 
blocked = .false. 
c_ch_s(opt_ch,opt_cel) = -1 

endif 

RETURN . 
END 
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FUNCTION EXPONENTIAL 

C This function generates random numbers from the 
C exponential distribution. 

include 'common.inc' 
external rnexp,rnset,umach 
call umach(2,nout) 
nr = 1 
call rnset(seed) 
call rnexp(nr,r) 
exponential = r 
call rnget(seed) 

end 

FUNCTION UNIFORM 

C This function generates random numbers from the 
C uniform distribution. 

include 'common.inc' 
external rnset, rnun, mach 
call umach (2, nout) 
nr = 1 
call rnset (seed) 
call rnun (nr, r) 
uniform = r 
call mget(seed) 

end 
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C FORTRAN PROGRAM FOR ASSIGNING CHANNELS TO CELLS 

C THIS PROGRAM ASSIGNS THE CHANNELS TO THE DIFFERENT CELLS OF 
C THE 7-CELL REUSE PATTERN SASKTEL CELLULAR NETWORK. 1T CREATES 
C A DATA FILE 'C_CH_S.DAT WHICH IS READ BY THE MAIN SIMULATION 
C PROGRAM. THIS PROGRAM HAS TO BE RUN IF THE NUMBER OF CHANNELS 
C ASSIGNED TO DIFFERENT CELLS NEEDS TO BE CHANGED 

integer cell(30), maxl, max, c_ch_s(150,30) 
open(unit = 2, file = 'c_ch_s.dat', status = 'new') 
kk = 0 

Do 20 j = 1,30 
Do 10 k = 1,150 
c_ch_s(k,j) = 0 

10 Continue 
20 Continue 

Do 40 i = 1,30 
Write(*,30) i 

30 Format(lx,'ENTER CHANNELS FOR CELL ',I2) 
read(*,*) ichannel 
cell(i) = ichannel 

40 Continue 

50 

i = 0 
igroup = 1 
maxl = 1 

Do while (igroup.le.7) 
max = 0 
i = i + 1 

Do while (i.le.30) 
k = cell(i) 

Do 50 j = maxl, k + maxl - 1 
c_ch_s(j,i) = 1 

Continue 
If(maxit.k) max = k 
i = i + 7 

endDo 

endDo 

kk = kk + 1 
i = kk 
igroup = igroup + 1 
maxi = max + maxl 

maxl = maxl - 1 
write(2,60) maxl 

60 format( 1 x,i5) 
write(2,70) ((c_ch_s(i,j), j = 1,30),i = 1,maxl) 

70 format( 1 x,30i2) 
Do 90 i = 1,30 

write(2,80) cell(i) 
80 format( I x,i3) 
90 Continue 

END 
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DATA FILE C_CH_S.DAT SHOWING AN ASSIGNMENT OF 4 CHANNELS/CELL 
(A "1" in column 8 of row 1 indicates the presence of channel number 1 in cell 8) 

28 
100000010000001000000100000010 
100000010000001000000100000010 
100000010000001000000100000010 
100000010000001000000100000010 
010000001000000100000010000001 
010000001000000100000010000001 
010000001000000100000010000001 
010000001000000100000010000001 
001000000100000010000001000000 
001000000100000010000001000000 
001000000100000010000001000000 
001000000100000010000001000000 
000100000010000001000000100000 
000100000010000001000000100000 
000100000010000001000000100000 
000100000010000001000000100000 
000010000001000000100000010000 
000010000001000000100000010000 
000010000001000000100000010000 
000010000001000000100000010000 
000001000000100000010000001000 
000001000000100000010000001000 
000001000000100000010000001000 
000001000000100000010000001000 
000000100000010000001000000100 
000000100000010000001000000100 
000000100000010000001000000100 
000000100000010000001000000100 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 

DATA FILE DIRDAT SHOWING NEIGHBOURING CELLS TO EACH CELL IN THE 
4 DIRECTIONS OF TRAVEL 

(A "0" in row 1 column 4 indicates that there is no neighbouring cell for cell 1 in direction 4) 

0 4 2 0 
0 5 17 1 
1 6 4 0 
2 7 5 3 

17 8 20 4 
4 0 7 0 
5 10 8 6 
5 11 9 7 

21 12 24 8 
8 13 11 0 
9 14 12 10 
9 29 27 11 

11 0 14 0 
12 0 29 13 
0 18 16 0 
0 19 0 15 

15 5 18 2 
16 21 19 17 
16 22 0 12 
18 8 21 5 
19 9 22 20 
0 25 23 21 
0 26 0 22 

22 27 25 9 
23 28 26 24 
23 28 0 25 
25 30 28 12 
26 30 0 27 
27 0 30 14 
28 0 0 29 
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DATA FILE NEIGHBOR.DAT SHOWING NEIGHBOURING CELLS 

"1" IN COLUMNS 2, 3, AND 4 OF ROW 1 INDICATES THAT CELLS 2, 3, AND 4 ARE 
IGHBOURING CELLS TO CELL 1) 

11100000000000000000000000000 
00110000000000010000000000000 
00101000000000000000000000000 
11011100000000000000000000000 
10100110000000010010000000000 
01100100000000000000000000000 
00111010100000000000000000000 
00010101110000000010000000000 
00000010011000000011001000000 
00000110010100000000000000000 
00000011101110000000000000000 
00000001010010000000001001010 
00000000110010000000000000000 
00000000011100000000000000010 
00000000000000111000000000000 
00000000000001001100000000000 
10010000000001001010000000000 
00000000000001110111000000000 
00000000000000101001100000000 
00010011000000011001000000000 
00000001000000001110101000000 
00000000000000000101011100000 
00000000000000000000100110000 
00000001001000000001100101000 
00000000000000000000111011100 
00000000000000000000010100100 
00000000001000000000001100111 
00000000000000000000000111001 
00000000001010000000000001001 
00000000000000000000000001110 
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FILE COMMON.INC 

PARAMETER (NUMCELL = 30,NUMCH = 28) 

integer reass(4,30,30),notassch(30,4),ch_xxx,realocate 
integer host cell,opt_ch,opt_cel,q_length,numblock 
integer kend(600,4),q_handoff(600,4),bb(30,4),nch,occupancy 
integer fmish_time,ip,q_cell(2),cell_q,i_dir,hl_block 
integer c_ch_s(numch,numcell),ik(30),Tot_call,handoff 
integer neighbor(30,30),cell_ch(30),n_pop,cell_nxt,n 
integer time(numch,numcell,50),call_comp,method,handover 
integer call_length,seed,end_time,clock_time,cross_time 
real w_o(numch,numce11,50),t o(numch,numcell) 
real cell_c_o(numcell),riclock,c_o(numch,numcell) 
real sum,pop(30),prop(30),cum_prop(30),random_no,radius,vel 
real pop_srt(30),arr_wt(30),rate(30),mult_arr 
logical no_ass,handoff_yes,n_free,busy_detect 
logical blocked,error,arrival,departure,handoff 
logical fixed,dynamic,restricted,not_done 
logical borrowed_chnl_found 

common /il/c_ch_s 
common /i2/opt_cel,opt_ch 
common /i3/neighbor 
common /i4/ij,handover 
common /i5/blocked 
common /i6/end_time 
common /i7/kend 
common /i8/ik,cum_prop,n_pop 
common /i9/ip 
common /i10/ih 
common /ill/q_length 
common /i12/h_length 
common /i13/q_handoff 
common /i14/ih_cell,icount 
common /i15/ clock_time,method 
common /i16/iht,arrival_time 
common /i17/iba,icajdir4,handoff_radius,irun,call_length 
common /i18/host_cell 
common /i19/cell_nxt 
common /i20/cell_q 
common /i21/q_cell 
common /i22/call_comp 
common /i23/tot_call,numblock 
common /i24/izero,inzero 
common /i25/time,occupancy 
common /i26/error,in_zero,sum,in_seed,alngth 
common /i27/nch,pop_avg,w_o,t_o,c_o,cell_c_o,cell_ch,prop 
common /i28/pop_srt,arr_wt,pop 
common /i29/inf 
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common /i30/mult_arr 
common /i31/r_handoff,sim_hpc,anal_hpc,hpc_err,bloprob 
common /i32/ablock,riclock 
common /i33/itest 
common /i34/rate 
common /135/num_call 
common /136/finish_time 
common /i37/bb 
common /i38/iwrong 
common /i39/i_dir 
common /i40/hl_block,ih_block 
common /i41/not_done 
common /i42/arrival,departure,handoff 
common /i43/fixed,dynamic,restricted 

common /speed/vel 
common /isd/seed 
common /reassign_c/no_ass 
common /bor_lend/reass 
common /ass_chnl/notassch 
common /yes_chnl/ch_xxx,borrowed_chnl_found 
common /allocation/realocate 
common /jr/j2 
common /jrk/j3 
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