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ABSTRACT -

This thesis considers the problem of channel assignment

in Land-mobile Radio-Commﬁnication éystems. Thé performance
of the h}brid channel assipgnment scheme under various
1oading conditions 1is evalnatea .by using simulatibn results
of a cellular mobile communications system that has forty
cells with Er}ang-ﬂ'service discipline.

. . <@
[ .. . .

- Two different cases have been studied:

In case 1, the traffic 1is uniformly distributed over the -

entire simulated éystem.
digtripution of call attempts is examined. In addition, in
case 2,.two different situations are inveétigate&?’ Firstly,
the number of channelﬁ assigneqwto each cell in the system
is the same and secondly the number of channels allocated to

the central cell 1is always greater than in the_surrqunding

cells.
1

--The general conclusion ohtained is that the h&brid system
is superior tofthe fixed one in both the maximum traffic

carried and spectral efficiéncy, for a 2% grade of service.

|

- ix -
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Chapter 1

INTRODUCTION

The potential for communicating with ﬁon—fixed points -
over the horizpn without the use of wires was sodn
recoﬁnized following the inb;ﬁkion of radio in the late
1800s énd its development in the -early 19Q05..'The use of
mobile radio has spread dramatically as - an aid to
communicate with land vehicles, aircraft and. even with

people using portable equipment [1]}.

-

b
This growth has led to the development of the mobile

system for cqmmon—carrier offering to the publiec, the High-

Capacity Mobile Telecommunications System (HCMTS)(1)

—
~

Present-day mobhile telephone service (MTS) is the

_provision of voice handwidth(2) communications between a

mobile unit and any point in the Direct Distance Dialing

(DDD)Y network.

(1)the newest mobile system known as Advanced Mobile Phone
— Service (AMPS) is currently being implemented by AT&T in
Chicago, Illinois.

(2)some users may also wish to transmit data over the high-
capacity system.



The ultimate objective of mobile: communication

enable a mobile  user to communicate instantl and

effectively with -anyone‘else: 'The fundamental probjem ﬁas
already surfacedf laék-of frequendy bandwidth to handfe the
service demand in regions of-‘the frequency spectrum where

technology can provide reasonably economical hardware and

systems.

Shortly after World War Ii,'th§ :Federai Communications
Commission (FCC) iﬁ the U.S. made available some bandwidth
in the 40, 150, and U450 MHz bands for various recognized and
speéial uses. As time passgd the number 'of_ designated
channels‘iﬁ.the upper two bgnds was increased by the simple
expedient "of reducing ;he frequency separation hetween
channels. Thus the.first allocation at 150 MHz in 1946 was
for three channels spaced 120 KHz épart. The spacing was
shortly reduced to 60 KHz, and then to 30 KHz in the early
1960s. Similarly, at 450 MHz the channel spacing wagl
initially 100 Xiiz, reduced to 50 KHz in the early 1960s, and

to 25 KHz in the late 1960s.

In 1970, the FCC (Docket 18262) decided Yo make available
new frequencies (806 to 902 MHz and 028 to 9H7‘MH2) for land
mobile radio service, to reserﬁe certain portions of the
806-9U7 MHz band (821-825, B845-851, 806-870, 890-902, &

928-947 MHz), to allocate.portions of the band to safety and

2 -, -



special Radio Service (806-8é1, 851-870 MHz) and to allocate‘
the 9022928 MHz frequencies to Fixea Industrial,'ScientiFic
and Meldical .applications._ The rem;inder of the banﬁ
(B25-R45, B70-890  MHz) “is allocated to Mobile Radic
Telephone Cellllar Syétéms. Tﬁe RES;SHS MHz band is used
for the reciprocal oberétions of mobile transmission and
cell site reception. The R70-890 MH7 range constitutes the

mobile receive/cell site transmit range of frequencies.

From onr discussion thus far, it is obvious that the
'high-éapacity system has heen the‘key concept that has been
emétging over a long period of time. The first concept to
he appreciaﬁed as necessary to an efficient, large capacity
operation 1is trunking; Trunking is the ability to.combine
several chaﬁnels‘into a single proup so that a mobile can bhe
connected to any unused channel.in the group fpr either anj
incoming or outgoing‘call. One problem that bothered early
nlanners was to achieve full trunking.advantage‘ without
requiring each mobile wunit to be able to tune to every one‘

f the channels in use for this service throughout the
transmission area. The secand concept is the realization of
cellular systems. The cellular conceph with spectrum re-use
could su%stantially increase traffic capadity. Each channel ,
frequency can be used for many independent conversations in
many cells which are spaced far enough from each other to

avoid undue interference.



1 REVIEW OF CHAPTER CONTENTS

e

[

The major part of this thesis is . cqnéerned with the
simulation study of a cellulaf'high—capacity }land-mobile
“radio system using the Hybrid:Channél‘Assignment Scheme with
LErlang-R service discipline. Each chapter begins with an

introduction, which the reader may find helpful.

Chapter. 2 is a discussion of the cellular system, The
basic elemenﬂs of the cellular concept are discussed first,
starting with a review of the éellular mobile radio
telephone system in section 2.2. Section 2.4 discusses the
cell splitting, while section 2.5 is a discussion of the
ma jor classes of land mobile " radio sysﬁems. The
déscriptions of system operation and hand-off actions are:

exp]ained in the remainder of chapter 2.

Chapter 3 providgsién overview of the traffic analysis
for mobile radio systems. The various terms, e.g. Erlang
,grade of service, call holding time, the call-attempt rate,
the Erlanpg-R (Blocked-Calls-Cleared} , Erlang-C (Blocked-
Calls-Delayed) and the Hybrid FErlang~-B/Erlang-c (Blocked-

Callis-Held) disciplines are discussed.

Chapter 4 is addressed to the basic channel assignment
schemes. * A way to allocate the radio channels of the
assigned frequency band to the geographical cells 1is

(]

- 4 -
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iﬁtrodﬂced; Two qgnerai catégoriesllof this method; us;nq
" egither a fixed or a?dynamic channel assignment in a given.
éeli; ére treated'from the lstandpoint,of 1éyoutloptions and
traffic handling CanaQilities. Section 4.5 éoncentrates on

the Hybrid Channel Assimnment Scheme. ‘-
_ . ! ;

(g

o
T

Chapter E provides an overview of the' simuléted,system,
with uniform and non-unifoém traffic for-.case 1 and case 2
respectively. The depelopment of the simulation mbdel is
described in se;tion 5.1‘and 'staﬁes the assumptions which
are made for the two cases. Section 5.2 is reserved for a

detailed describtion of the simulation flow-chart.

~

v

Chanter i is, addressed to the simulation results,
regarding the performance of the system, for the case of
uniform traffiec. Section 6.1 introduces the simulated
system, while séction 6.2 gives .the input parameters to the
simulation model., The simulation resultslare presented in
section 6.3, In addition, chapier 6 provides a selective:
‘comparison between the Hybrid and Fixed Channel Assignment
Schehes. The spectral efficiencf of the Hybrid System as
compared to.the Fixei\ii?tem is presented in Subsec. 6.3.3.
The last section embodies the interpretations of the first

part of the thesis regarding the wuniform spatial

distribution of offered traffic in the transmission.ares.
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Chapﬁer-7'reports the results of a simulatioh study for

the second case using the Hybrid Channel Assignment Scheme

- ) ] .
with Erlang-R service and non-uniform traffic offered to the

cells. Sections 7.2 and 7.3 consider the performance of the
sistem with ﬁhe differeﬁ% assumptions uséd. Sectipn 7.4
anaiyses the resuits rergarding the speétral efficiency ‘of
Hybrid Systems with reépect to the Fixed Systems, in the
central cell, as also in all the surrounding cells. TIn that
section the traffic in the central :cekl is aséumed 20%
' higher tth that -in eachl surrounding cell. We first
consider there that 33.3% of the total numberlof channels 1is
‘given to each cell. Then this percentage 1is increased in
the ocentral cell to U0%, and decreasea‘ to 30% in %ts
surrounding cells. From the two cases we determine what 1is
the effect of increasing or decreasing the percentage of the

total channels in any particular cell in the system area.

Finally, Chapter 8 presents the peneral conclusions of

this thesis.



Chapter TI

THE CELLULAR CONCEPT
| AN -

"' 2.1 TINTRODMUCTION

This chapter shows how a cellular system operating within
a limited freduency spectrum can meet the objectives of a
‘ s b ‘
larqe—sca1e\\\\fhile-telephone‘ service, = designed with
J : _

attention to cost _performapte.

Since the 1940s, mobile radio system  engineers have
attemhted to "design systems that would satisfy all the

following objectives:

[ .
1; Larpe subscriber capacity;
2. Efficient use of ;zectrum;
3. Nationwide compatibility;
e, Widespread availability;

5. Adaptability to traffic density;

3

-, Regular -telephone service and special services,
including "dispatch";

7. "Teleohone"'quality of service; and
f, Affordability.
The early mobile radio communiéations systems were designed

~ .
along the concept of "Glohal Coverage" [4]. Mobile radio



o4

enginders have sought the highest mountain or buiidingj

Il

within a proposed service area for their high-power antenna

location, in order to ngover" the largest area possible ’

(Fig. 2.1). Additional receivers eventually had to be
distributed within the area to serﬁice the mobile-to- base
1ink in low sirnal regions, because 1t was not practical to
transmit the same power from.the mobile units; In typical
systems u;ing a single bas%fstation site, shadowing leadé to
"holes" in the coverage area. If such a situation is deemed
sufficiently serioug, the hole may be filled in through use
of a satellite Dbase statisn, so as to have a less

ohst;ucted path .to the problem area, Such. a technique is
not' desirable in small-cell systems, where one satellite
station per cell can raise site costs to prohibitive levels.
. The need to operate# and gréw indefinitély within an
allocation of hundgeds of channels has been'the_ primary
driving force hehind the evolution- of the cellular concept.
The main _propagation features in the mobile radio

environment are:
_ A
1. multipath—due to scattering or.reflections from
t

buildjnﬁs and other -\obstructions, also other

-—

vehicles, and

2. shadowiné of the dirdet\line-~-of-sight path by

intervening features of t terrain.

L oIme

1
ey Y
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. “‘5"9—@5‘ 3 TRANSMITTER

' 1
Fig. 2.1 - Major obstruction and use of a satellite base station

to fill an area of poo‘r reception.
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2.2 BASIC FLEMENTS OF THE CELLULAR CONCEPT'

.

‘The most cénspicuous attribute of a highrcapécity‘system
is its .size. - The heart qf a high—dapacity mobile
cohmuhications system is the spectruh allocation. This
éystem‘ model assuﬁeS' the availability of several hundred
channels. The prime mechanism for sérving‘large subscriber.
groups with limited spectrum is the\ use of small radio

+

coverage zones or cells. Where the area covered from a
P ‘

single base station is small, it 1is possible to reuse the

radio channels of that base several times in the same

region. The cellular system consists of:

1. many small geographical areas (cells), each with
antenna(s) and low power transceivers and a
controller.

2.) a central office whiech monitors vehicules and

automatically switches calls.

and provides'for

[

1. inereased capacity through frequency reuse [
2. expansion through subdividing cells.
- 10 =



2.3 CELLULAR LAYOUT . E

In the cellular mébile‘radio telephone system, a large
|

number of radio cell%h.are'arranéed*on ~a service ! area. A
reasonable degreé ofz geowraphical confinement of .channei'
usare. 1is necessary.:to- prevent co-channel interference
ﬁroblems [41. As shown in Fig..2.2; there are thrée basic
methods for assigning thelragio cells of the samé-area over
pﬁe service area. ‘Thé most favorable method is the one
shown inifig. 2.2(c) because |

1. the radio cell which each baseﬁstation covers 1is

/
. I
~laregest in area; and '

2. the overlapping Dbetween pﬁe adjabent radic cells

is minimum,

N
As a consequence the number, of hase stations may be

minimized, whereby economical advantages may be obtained.
The number of channels, hence transmitters and receivers in
each base station, depends upon the traffic offered which in

turn depends on a number of subscribers.
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(a) Triangular cell

> ,

(b) Rectangular cell

(c) Hexagonal cell

Fig. 2.2 — THREE BASIC TYPES OF CELL CONFIGURATION.
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. ‘ ' . b
{nterpretation of the cellular mebile radio-communications
system is given by Fig. 2-3. Each celi is served by a base

station located at the center of the cell. Transmission- to

and from the mobile units are‘ﬁéndled through"Eow powef FM

radio transceivers located in each cell. The system radio
plan uSes freduenc} mOdﬁlatibﬁ (FM) techniques(1) and the FM
capture ratio prevents interference between conversation in
cochannel cells. The combination‘of all cells cohétitutgs
the totai coverage of thecellular system. 'If we define a
voicepath as one radio channel a?‘arbase station carrying
one conversation,‘it may be said tﬁat small-cell systems can
provide multiple voicepaths per‘ﬁ%gio channel in a service
. area, and thus caﬁ require less spectrum per voice path than
large-cell sys@ems. The ndﬁber‘of cell-radii between base
radios using the same channel willi be desigﬁated Yo Th'e

separation ratio ( y ) cannot 'vaEy continuously but may

assume discrete values consistent with the , spacing between

any two -cell centers. This minimum separation (y) 1is -

catled the Minimum Reuse Interval and is piven by

Y = D/Rmmm e — == (2.1)

(1)AMPS (Advanced Mohile Phone Service of AT&T in Chicago)
voice channels have an FM peak deviation of 12 KHz and a
spacing of 30 KHz [18]. With this spacing, 666 duplex
channels can bhe created out of a 40 MHz spectrum
allocation. ' -

- 13 - s
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where D is the geographic separatidn-between the two base

r

_stations using Qpe saﬁe;chaﬁnel simultaneously ana R is the
cell radius. Th% ratio of DR required by a giving system
.is determined from éystem signal-to-interference (SIR) rétié
anéfthe characteristics of thefgystem.\ The actual size‘of
thé‘ cells, that is, the actual values of D and R, are

determf%ed'from the following specified parameters{
‘ ) |

>

1. density of traffic offered; - -

2. the totasl number of radio channels avalilable to

the radio system;
3. the allowable call blocking rate;

W, the channel assignment . strategy implemented for

4
system control [4];
5. radiated power; and
6. antenna height..

Cells which are separéfed by less than the minimum allowabie
cochannel reuse must be'assigned different channels, whichf
requires that the channel allocation be subdivided into
seﬁs. In Figﬁré 2.3 a grid of hexagonal cells is shown
separated into repéating groups, or I'"basic blocks". The
cells of these blocks each require an independent channel
set, and the basic bloék méy be repeated as indicabed to

<

cover the desired sérvice area [5,1. The ratio D/R is

- 14 - s



related to the number N of channel sets required. N is

determined by the relationship

-

N = ( D/R )2/3 ———(hexapons)— —.(2.2)

where N is an integer. certain values of M are possible in

" a hexagonal grid these correspond to values of the series:

" where i and j (i > i), called "shift parameters", range over
the positive integers. . Tw
. ) >

For any value of (Y ) there is an Interference Cell Group
(ICG) assqciated with each cell. Channels assigned to a cell
cannot hé.reused elsewhere within the ICG if ;lready in Qse
in tﬁat cell. The thick block contour in Fig. 2.3
represents the boundary of the ICG of the shaded cell.
There are ninétéen members in that ICG. The capital letter
in each cell denotes the channel set allocated to be used

there. ~ As can he seen, any reuse of channel set A 1is

prohibited within the ICG.



INTERFERENCE CELL . . . -
GROUP BOUNDARY, ' - CHANNEL
L i ) . ’
' ' SET. -

Fig. 2.3~ A CELLULAR LAYOUT OF A HIGH-CAPACITY
MOBILE RADIO SYSTEM.
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2.4 CFLL SPLITTING

The implementation of thg cellﬁ}ar'system requires‘the
consﬁruction of an essentiai regular array . of land
transmitter-receiver stations, called "cell <sites" in lthe
HWiph Capacity Mobhile Telecommunications.sttem(HCMTS), For
this idealized array'bf.ceil sites, an accompanging pattern
of reéular Hexagonal cells can bhe visualized in at least two

different ways:

- . . v

1. - cells whose centers fall on cell sites, "center-

excited" cells for large cell configurations, or

2. cells half of whose vertices fall on cell sites,
"eorner-excited" cells.

.\\

The cell sites wili use transmitter and receiver antennas
whose patterns are omnidirectional in the horizontal plane.
In a npractical system (AT&T), cell sites will %ave three
%aces with 120 degree sector antennas, Eather than an
omnidirectionél&i} antenha as shown in Figure 2.4, Throdgb
frequency reuse, further growth in traffic within the cell
will require a revision of cell size so that the area can be

reduced in discrete steps through the addition of new hase

sites, while leaving the existing ones in place [5,191.

gg)In the earlier vyears of arowth, large cells with
omnidirectional santennas are used. The paging and access
functions are "combined" on the same setun channels.

- 17 -
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The process is called ‘eell splitting”". The :distance
‘between adjacent cell sites 1is reduced. ‘Wherever cell

splittine occurs, new cell sites are located midway ween

old cell sites. As shown in Figure 2.4, the previously

existing cell sites together with the new ones form

a
hexaponal cellular lattice. Special care must be taken to
puarentee theﬁ cochannel .reuse ratiog D/R.  Cells of about

one-mile radius are possible todéy. Thellower bound on celfE
splitﬁing is controlled by thé amount of data processing
requ%red to keep t;ack of moving vehicles and to §witch
voice paths .as the mpﬁ?les move from cell to cell.,. The
upper bound of cell size is a function of fthe transmitter
power, channel handwidth, receiver design, minimum required
éNR, antenna heights and gains and iﬁ' dependent on whether
diversity-\Eonsiderations are - employed. The need for a
method of serving customers in a single local coverage area,
whdle using a , limited spectral allocation, has spurred the
" evolution of the hybrid channel assignment scheme, és an
alternative of "cell splittiné", as it will be discussed in

chapters b and, 7.
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B . \'3-
§

@ :Previously Existing Cell Site A

e : New Cell Site installed duriq{ Cell Splitting

u

Fig. 2.4 - OVERALL CELL-SITE PATTERN.
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2.5 MAJOR CLASSES OF LAND MORILE RADTO (LMR)ESYSTﬁﬁg

This-section‘discdsses_the eSSeqtial properties of small-
~ce11' systpms. In greneral smail-cell systems possess
esééntial propertiés whiph*distinguish éhem concéptually
from 1arqe-ﬁell systems on ‘other'than "a cell-size baéis.
‘The most ecéﬁomiéalAlcell plan for any. system capacity uses

cells which are small enoug

- .

- L

" mobiles while using a1l channels assigned to it.

2.5.1

1.

(economy).

/ o
i /

Properties of Smali—cell syéﬁems

In small-cell systems the/ individual cell size is

conceptual1y'unimportant.' A mobile will utilise

one base ﬁransmitter and Yeceiver from the cell it

is in at the moment.

Population distributiog//gecomes important, since
. ;
the city centers may He experiencing theilr maximum

densities, while the population of a large city

center continues to 1increase. Small-cell systems

can spread out with the population, by reﬁsing the
same channels in the service area. To this point

the small-cell systems result in\gpectrum savings

N

To maximize the effects of channel reuse, it is
necessary to use the hexagonal lattice. Small.

cells  can be expected to demonstrate better

- 20 -
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_signa]—to—noise perfbrmance than large cells,
while - the jarpest cells will have. what 1is
considered to = be the 1limiting acceptable

performance.

b, The approach’ to small-cell-system design yields
varying spectral'eéficiencies. At‘ lower 1§vels of
demand, the efficiency is completely depéqdent
upoen subscription‘ and related traffic 1e¢els
r=,7,171. However, at higher‘ demand 6n capagity,l
the small-cells are much more efficient thaﬁ all

~

the other systems reviewed.'

2.5.7 Properties of Larpge-cell Systems

Larpe-cell systems provide'coverage on all channels in
the service area, causing tHe cell size to be the size of
the service area. Théﬁ\\bﬂﬁé//;;ations, for large-cell
-systems, are few and widely separatéd, thus the chance that
the mohile will leave the cell and lpse signsl during &
conversation is minimized. The most apparent

characteristics of larpe-cell systems are:
. —

- 21 -



Private Systems

In the ‘900 MHz band [17], the most likely

confipuration for a privately-operated system will’

he repeater based to assure good propagation. For

operations in the 900 MHz band, all traffic 1is
: \

carried on the* same channel (and Ehus extracts

only one voice-path from each channel). In such
systems, high quality service is attainable only
hy maintaining very light. loading on the assignéd
ghanne], as well as by maintagining large

georraphic senaration between co-channel systehs.
, .

Shared repeater systems

These are private systems. FEach user bears a
lower cost, but at the expense of allarge number
of mobiles on his channel, because the
interconnection facilities are shared amoné a

large number of users.

fRingle-channel ﬁystems withlautomaﬁic control

Same as in (2) above, the access to the system
is controlled by a central computer unit. The
distinection of'this system - is that all users,
mobile or fixed, must request and be granted
permission to transmit whether or not the channel

is in use.



N

N . .
4, Multi-channel \Erunked systems with automatic'
control \\\\\ |
These systems are .similar to single-channel
coﬁpuﬁer-coﬁtrol]ed systemé but utilise several.
‘cﬁanneLs trunked éogéther; Trunking allows each
customer :o be placed on. the first channel ;hat

becomes available _after channel access has heen

regquested. -

2.6 SYSTEM OPERATION

The spectrum(3) congestion problem-qpmplicates matters in
the design of mobile radio communicati;ns systems and has to
he sélved. One of.the most favoured and commonly discussed
techniques -for increasing the efficiency of frequency
spectrum htilization is the adoption of a cellular
structure. The transmisfion area to be covéred by the
mohile'radio' system ié,-divided into a number of non-
overlapping ce1lé or zones. 1In the center of.each zone is a
fixed base station. Each of the base stations in the
coverafe area contains a group of low-power

transmitters/recéivers that communicate with the mobiles in

its zone over the channels assigned to 1its zane.
' i

/7
The three méjor system control elements of HCMTS are:

(3)present improved mobile telephone systems are small by
comparison and are limited by a lack of spectrum.

- 23 -
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1. the mobile telecommunications switching office
(MTS0) ‘

2. the cell site .

3. the mobile unit

The (MTS0O) serves as the central coordinator and

controller for HCMTS and as the interface between the mobile

~and the wire-line network. The MTSO must:

1. .ecoordinate the grid of cell sites and moving
subscribers.

2. admin&ster radio voice channels allocated to the
svstem. . .
3. maintain the integrity of the local HCMTS system

as a whole.
b, provide the switch connections between mobile
subscribers.
_The cell sites process the signals to make them suitable
 for transmission between the wire-line network and the radio
network for all the mobile telephones interfacing with'it.
On the other hand, the mobile unit_is‘ tunable on system
commznd to any channel in the RF  spectrum allocated to
HCMTS, Tnterconnection of these ﬁhree ‘ major control
elements 1is shown in Fig. 2.5. The mobilé telephone
communicates with a'nearby cell site over a radio channel
assipned to that ceil. "The cell site, in turn, is connected
by land-line facilities to the (MTSD). Fach of the non-
mohile subscribers (or dispatchers)‘to. the system 1is also

connected, by leased line, to this (MTSO)Y.. This allows for
. .

\"
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a compilete connection hetween.any mobile unit and any fixed
éubscribér. As Fig. 2.5 indicates, a considerable amodnt of
data is ethanged between éairs of HCMTSA controi elements.
Thé control channels also carry data for qpntrol or to
inform the base  stations of mobile call originatiohs or to
inform the mobiles of incoming calls (péging) and of their

initial channel assignment.

The mohile ' equipment consists of a control unit, a
transceiver, a logic unit, and two antennas. The control
unit éontains all the user interfaces, such as a handset,
Qarious pushbuttcns, and indicator 1lights. The transceiver
uses a frequency "synthesizer to tune to any allocated
channel. THe lomic unit interprets custcomer actions and
system commands and controls the transceiver and control
unit.‘;The trénsceiver and logic unit are integrated inéo a
sinpgle package. A single antenna 1s used for transmission.
Two antennas together are used 'Ea provide space diversity

for reception.

- 25 -
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Fig. 2.5- HCMTS System Control Elements. -
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2.6.1 Hand-0ff action

Figure 2.6 depicts the various actions réquired (}o
establish thé process of hand-off. All new systém designs
feature "ﬁandoff"t a method of providing continuous serQice
to a mobile unit moving between cells LhiTe a conversation
is in progress: The Handoff procedure 1is aqépqplished by
instructing the mobile to change to an ‘aﬁjacent cell
.frequency, when the éignal-to~ﬁoise raiio gggrades to a
.predetermined level. Tﬁis requires the MTSO té know at all
times during a call the mobile's approximate locations. The

',i
-

hand-off process involves 3_operatiohsi

7. New channel preparation:

-
T

location information gathered;.by the cell site
sefﬁing'the mobile, as well éé{by surroundiné celf’
sites, is transmitted to the MT3S0 over the vafious
cell site land-line data 1inEs. The MTSO selects
an idle voice channel (and an associated land-line

trunk) at the receiving cell site and informs the

new cell site to turn on its radio.

2. Mobile retune command:

a message is sent to the current serving cell site
informing it of the new channel for the mobile in
question. The serving cell site transmits this

information to the mobile over the voice channel.

5
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Channel/path reconfiguration:

the mohile -sends 2 brief burst of signaling tone

and turns off its transmitter. It then retunes to
its new channel. The o]d'gell site places an on-
hool sisnal on the trunk ﬁo the MTS3O0. The MTSO
reconfigurés-its switching network, connecting the

éther party with the apnropriate 1land-line trunk

"to the " new serving cell site. The new serving

cell site places an off-hook signal on the

associated land-line trunk. The MTS30 interprets

these two signals (off-hook éﬂ new trunk, on-hook-

- 28 -
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Fig. 2.6 - Handoff sequence.

(c) '

.

(a) New channel preparation.
(b) Mobile retune command.
(c) Channel/path reconfiguration.
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Chapter III

~TRAFFIC ANALYSIS FOR MOBILE RADTO SYSTEMS

3.1 INTRODUCTION

The formulas of conventional traffic theory apply quite

well to normal telephone systems. Traffic theory is'

-

intended to enable® the quality of service proviﬁ%d by a

communication system to be vpredicted from information about
: [

“the traffic to be carried and the resources available. The

‘traffic formulas are applicable both to large cell systemsJ

5\\\32:ithe individual small cells of a small-cell system. The
hashc parameters involved in the provision of facilities are

- the prade of service, the " call attempt rate, call holding

times and the number of .channels.

3.1.1 Erlanps

The traffic volume in telephone- systems is measured in a
unit callea‘the Frlang. An Frlang is the amount of traffic
one trunk can handle 1in one hour, if it is busy all the
time. An Frlang is equal to 2600 call-seconds.

The number of erlangs received is given by

Mo.of calls per hour x mean holding fime per call (seconds)

3A00
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3.1.72 Grade of Service

In a teléphone system a call will be blocked 1if, at the
instant when phe system: tries to establish a connection,
there are no idle paths through an ekchange, ho availéble
‘channel, or no‘ available regispérs to set 'up a connectioﬁ.
The usual way of describing the -bldecking characteristics of
a system is to state the probability that a call will be
hlocked when there is a given traffic load. _The probability

of blockine a cali is referred to as the 'gprade of service'.

3.1.3 Offered traffic

- The product of The call attempt rate and call holding
times is. the 'offered traffic'. This product denotes the

amount of time that a quantity‘of callers desires the use of

faciliﬁies.

3.2 RLOCKED-CALLS-CLFARED DISCIPLTNE (ERLANG-B)

This fype of situation can oécur when congestion arisesT
In this case the busy signal may be caﬁse@ by the fact that
the called party is 'busy', but it is possible that there
are no free paths or equipment in the exchange, or ‘the lines
hetween exchanges are fully occupied. Tﬁe Rlocked—Cails-
fleared (BCC) queuing discipline is a ¥Very important concept

]

for telephone-traffic engineering. Arrivals which occur

- 2] -



when a channel is idle are served immediately. An arrival
that occurs when all channels are busy is bloéked,leéveé the

system, .and does not return in the same bériod,'say the busy

hour. . ) .

The call durations (holdiqg times) .are assumed to be
independent and identically.distributed according ,;o a
negative;exponential distribution and have mean (‘%“). The
'cé1159§re~afriving in a Poisson fashion with a mean érrival
rate of ( X calls/hour).‘ As shown in Figure 3.1 there are m
jdentical servers (channels) each having identical. ‘holding
time.

The facility utilization (p ) is riven by:

A A
Pz ——a- A 2 ommmemy, ——— — — (3-1)
2600m ¥
or a
m-p = —===—= {in Frlangs)..
3/R00

Thg\Er]ana—R blocking probability is given by the formula
ral

»

i

The averafpe




N SERVICE. ‘
/m Lﬂ
= | FACILITY 1
>\/m Dﬁ
: » | FACILITY 2
N
_b.._
Nm 1/
~ | FACILITY 3 | A7
\ h/m ! ]/
- FACILITY m W

m identical servers {channels)-
Each has mean service time of ]/u sec

Fig. 3.1 A QUEUEING MODEL FOR THE BCC SERVICE DISCIPLINE.
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3.3 RLOCKED-CALLS=DELAYFD DISCIPLINFE (ERLANG-C)

The hlocked-calls-delayed (RCD) or Frlang-C model arises

when blocked calls are allowed to queue up and wait for -

service in the order of arrival. Calls arriving to find an
“idle channel are served immediately. The number of channels
is -1imited, and if all are in use the call will have to wait

until one hecomes free, calls do not defect from the queue.

The'twb queueing models shown in Figures 3.2a‘ and 3.2b
assume the same call characteristics.

Figpure 3.°a depicts the situation when the calls are
served by the first server which . becomes available. The
queueing time in the case of Figure 3.2b  is foundl'to be
areater than if the calls were able to choose the first
serve} which Tthecomes free [2]. The utilization factor of
eacﬁ éerver is piven by equation (3.1). The probability of
deqay for the modél in Figure 3.2a is given by the Frlang-C

formula:

)

_J (3.3

.Q%ﬁl )
Q%ﬁl K
“m-1 ‘Q%ﬁj K
Lm_iﬁ._)k

L < _

- 3 -
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3.4 HYBRID ERLANG-B/ERLANG-C

Between . Erlang;B .and Erlang-C Formulas there 1is an

intermediate'?éssumption called Dblocked calls held (BCH).

_Such a system is often described by assuming that arrivals

that occur when ' all channels are busy remain in the system

for one holding time (BCH). If a channel becomes available

“during the holding time a waiting customer séizes the
. Vs

. -~
channel for the remaind;:m;?H}he holding time. Otherwise,

the customer leaves the system.

The blocking probability is found to be [2]

.
(m.p) -m-p A
— e p == (3.4)
11 k=m k! U

-

where m 1s the ndmber of servers gnd ( ¢ ) the utilizatioon
factor of each server as’given by equation (3-1). The
assumptions concerning arrivals and seryice times are the
same as in the Erlang-B model.
-

It 1is seen that the three assumption% (blocked calls
delayed,held and. cleared) have different influences on the
theoreticéL probability, in each case, of alls. being

blocked. h - |

—
~
.
~

1. If blocked calls are delayed (BCD model), they are |
i .

allowed to wait in the system and occupy the full
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holding. t1me Hence the blocking 6Fobabiiity is:

the hlPhPSt of the three d1501p11nes

2. 1f blocked calls are held they occupy some channel
time and they occupy nearly the full holding time

if the probability of no idle ghannel is low.

v

3. for a piven load the probability of blocked calls
is the lowest amonpg the three assumptioﬁg,'when

hlocked calls are cleared from the system.

The Mobile telephone service is closely described by the
h]ocked calls-cleared assumptions. The .International
Consultative Committee for Telegraphs and Telephones (CCITT)
has recommended the international use of Erlang-RB [3]. The
Dispatcher service 1is closer td the hlocked-calls-delayed

assumption.
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Chapter IV

CHANNEL ASSIGNMENT SCHEMES

N1  INTRODUGTION : _ N

=

The problem of frequency channel assiﬁnment is becoming
more important due to the finite spectrum allocation for the

l1and mobile communication. Different téchniques have been

"studied to use that portion of the frequency spectrum more

efficiently without incurring excessive cochannel
interference. The channel assienment approach was propgséd

and evaluated [6,8-10]1.

This chapter first preéénts different channel assignment
methods. One such method is the Fixed Channel Assignment
(FCA) technique that reserves specific sets of channels for
use in specific cells. Another channel assignment scheme‘is
the Dynamic Channel Assignment (DCA). The DCA techniéues do
not assume 2 fixed relatianship uﬁﬁween channels and cells.
Recause of the complex interactién between c¢ells and
channels in (DCA) systems, performance data can be optained
only by computer simulation. The improvement in the
efficiency of channel usage resulting from mixing fixed and

dynamic channel assignment techniques leads to the Hybrid
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Channel Assimnment Scheme to be illustrated in the “ final

secdtion of this chapter.

.2 STATISTICAL LAYOUT

,-;/‘77

=

Figure ﬂ.1‘ﬁépict8‘such aréhaﬁnel—reuse situation along a
single line ig;oﬁé dimension. It 1is assumed that the radio
channels can be reused evéFy fourth base station without
producing céchannel interference; also, only one‘ base
station is allowed to serve a mobile unit. In Fig. 4.2 M-=N
indicateé the channels available at  each base station for a
system example with 20 channels ana a reuse interval (Y ) of

every forth base station.
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Fig. 4.1 — I1lustration of channel reuse
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Fig. 4.2._Fixed-channel assignment system example.

S
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| .Similar'cochannei' interference situations exist in Fiéure"
4.3 at base stations A and B if mobiles located -‘at P and Q

transmit on the same frequency;, . ' o ‘ -

. : i

Fig. 4.3 - An illustration of frequency reusc by two
' - base stations separated by distance D

J

Then the average signai.to interference ratio, 3/I,.
taking into account both the Rayleigh -and Log-normal

distributed - fading and any diversity improvements, (1) is

-~

‘equal to 4,9

n

[(D-R)/R]._;“__‘ _____ (4. 1)

If there are‘other base‘stations located a distance n frem'A
and all received signal statistics are independent at P,

. then in.general (4]

i
____________________ TR D"

{134 brief explanation is provided in Appendix A
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where the Ri are the distances from . the oﬁ/ervatlon p01nt tofV
the M base stations. - The power 1evel of the signal radlated”
from A 1is sufflclent to prov1de an‘adequate signal-to- noise’
“ratio at p01nts located a dlstance R or greater from A.
The’AMPS transmission-quality objective was quantified
for design'purposes that at en S[N;ratio of 18 dB,(2) most

listeners considered the channel to be good or excellent.

b.3 FIXED CHANNEL ASSIGNMENT (FCA) SCHEME

In fixed channel assignment systems 2 subset of the

channels available ‘to the radiq system. is permanentely,

. ‘ \ } »
assigned for use within each part culaf/Eell In this case
thene is a definite relationship b tween cells and channels.

-

that can be used there at any time.\\In the fixed channelf

assignment, channels can be used in de51gnqted cellkskeeplng

the dlstance between cells using the same cha ne%i‘jjnstant

The total avallable radlo ehannels ‘in the system area are
divided into a number of channel sets. There 15 3 mlnlmum
number of channel sets-requ1red to serve the enthe service

area. This minimum number (M) of channel ’;;;?)15 poverned

by_phe minimum:re—use.dlstance (Y’) in the following fashion

.(?)A cell of & miles allows the system ‘to meet the
reqU1rement that S/N ratio be above 18 dB over '90% of the
serv1ce area [19]. ' - ;
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No=1/3 (YD 3 —em oo (4.3)

where N can assume only integer values 3, Y, .7, 9,...eté.
The- N. chénnel sets are then assigned .to'thé cells in the
system respecting the minimum reuse distance (Q.). All the
N channel sets will be of the same ‘si;e if éhe customer
offered traffic has a spatial uniform distribution.” Traffic
"varies by more than an order! of mégnitude, eﬁen in adjacent
‘cells in some cases. In this case some of the channels not
needed in the outlvine cells wi;hin“a mutually inteffering
.proup of cells can be allocated on the fixed basis: tqg the

reserved channel subsets of the cells near -the peak. This

el

tailoring technique 1is sometimes referred to- as fixed or

static "borrowinz" of channels from outlying Eélls‘[11l.

L

Efficient wuse of fixed channelsirequires,-simultaneous
assignment - (reuse) of a radio channel 1in radio coverage

1 areas that are spaced as close tosether without incurring

excessive cochannel interference. If all fixed channels are
in use, a new .call initiated 1in <cell 1 is immediately
hlocked, and will bhe disposed in a manner according to the

_service discipline adopted in the service area.

The main advantage of the Fixed Channel Assignment Scheme
lies in the, fact that the channels are used to the maximum
possible number of times within the system area, thus

increasing the channel occupancy.



4.4 DYNAMIC CHANNEL ASSIGNMENT (DCA) SCHEME.

The most 'genefall form of dynamic channel assignﬁent
[6,9-}1] aésumes“ that any chaﬁnei can be used iﬁ Iany
cqveréﬂe cei1 anﬁ all, the channels are képt in é‘ceﬁtrall
pool.‘However! a chanﬁei in use in one- cell can oﬁly be
reassigned_simultane&usly td aﬁoﬁhef cell in thé: system 1if
the éeparation between"fhé two‘ dei}é is greater,thap or.

equal to a sppc{fied mimimum Separatioh D/R(3) -. _ "'"‘\W

Chénnel-search‘ for a channel .to-assign in a barticﬁlar
cell at anérpicular. tim. invoifesh'sgarchiné through all
channels alloc;ted to the entral pooi; If no-such channel
is found, servicé cannot bhe provided in the cell a£ that
.timeli'nsﬁa1ly more than one channel in the radio system is
availahle for aSsignment'and‘different optimizing strategies
for choosinm  which one should  be chosen  have been
illustrated. These strategies.may he hased on criterié such
as the order of search, the weighted distance to other cells

Using the same channel, the number of times the channel 1is

used at the minimum reuse distance N/R, or even in random
b :

: hY
selection. Some stratepies and their relative performance
4, .

under certain constraints are provided in Appendix R

-

gi)Making D/R as large as possible benefits transmission

: quality. On the other hand, making D/R as small as

possible, serves the objectives of large capacity and low
cost. ’

nh -



Dynamic channel reassignment [12] switches the channels
assigned to  some calls in p;OEress so that the separation
between cells simultaneouély using the same channel is
nearly optimum. The status {(in-use or not) of each cﬁannel
inwébch cell must Se.stored in a readily accessible form and
must be updéted with.each status change. Base-station radio
equipment used with dynamic assignment must be switchable
From_chanhel to channel as channel agsiﬁnments. in'tﬁé celi

change.

b.,5 HYBRID CHANNEL ASSIGNMENT (HCA) SCHEME

The preyious?discussion of the fixed and dynamib channel
assignment schemes should provide ‘some insight iato the
opefation of a- Hybhrid Chadﬁel Asssignment Scheme (HCAS)
which is simply a combination of the two [6,9]1. 1In the HCAS
the total number (T) of available radio channels is first
divided in ¥ channel sets., Some of the channels available

to .the system are assigned on a fixed basis.' That 1is,

certain channels can be used only at specified base
stations, assuming a static assignment scheme. ‘N is the
minimum required number of channels sets governed by

3

equation (4.3).

If the offered traffic is uniformly distributed over the
cells, then each cell will have an equal number of fixed

channels allocated to it. However, if the offered traffic



. ‘{f
is not distributed spatiall?{evenl?, then the‘fixed_channels
will vary in number fro@ cell to cell. A complete
déscrfption of these studies is included in the second case
studiéd in the thesis.

\ .

L : . .
The average number. of channels'per cel)l 'will be smiven by:

Moz T/Ne e e — — (W)

‘After the préliminary division of éhanne1s, each of the N
ch;nnel sets is° partitioned into a number of fixed
'channels(F) per cell and a number of dynamié chanﬁels (D)
per channél set,therefore

M =F + D

The channel set (D) contains channels that cén be used ' in
any cell in the system, to handle any stétisﬁicéll
fluctuations in offered traffic, using the DCA scheme. Thus

there are altosmether ND dynamic channels in the central

pool. A1l the fixed channels are to bhe used in their

nbmina] cells. A search is made first through the fixéd
cha;hels allocated to the assigned ‘coverage area. If there ,
is a fixed channel available in the %ssigned transmission
area, that channel is assipned to serve the call attempt.
Tf all Tixed channels are in use, a channel search is made
throuph the dvnamically assignahle chanpels and will borrow

the eligible dynamic channels from the system pool to



'service the c¢alls provided that ﬁhe cochannel interference
constraint is conformed at -the tihe' of borrowing. If no
dynamic chanﬁel is .available, the céll Wwill be diqused of

in accordance with service discipline adopted.

Let therptimal‘ channel pa?tition F:D yield thé hest
system perfprmance, then the averasge number of channels per
call is given by [6,9]

MDj
msz=F + e - ——a—-= —_—— ——{4.h)
I.C

where T.C is the number of cells contained in the
Interference Cell Group (ICG) of the cell. Therefore it 1is
very important to understand the meaning of average number:’
of channels per cell before and after the division. The
average number of éhannels per cell, after the division, is
1ess than before the division. The number of ‘calls that can

he Bandled at the same grade of service has improved

substantially, as can be seen lafter on.

For Frlang-B service , systems adoptiﬁg the hybrid
channel assignment scheme give hetter performance than the
two other systems at low traffic loadings. As the systems
hecome heavily loaded the fixed channel assignment scheme

prevails over the other schemes [6,29,30].

v
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Chapter ¥

~ DESCRTPTION OF SIMULATED SYSTEMS

i

5.1  DFVELOPMENT OF THE SIMUILATION MODEL

This chapter reports. the description of a simulation
study of a cellular high capacity mobile telecommunications

system, employing the Hfhrid Channel Assignment technique;

with first uniform (case 1) and then non-uniform (case 2)

¢

traffic.
The system simulated is deseribed in detail and is shown

_uin Fig. 5.1. Tt copsists of forty hexagonal cells arranged

to compléte1y cover a large area.

5.17.1 Case 1: Uniform Traffic.

The following general assumptions made pertain to the

-

case of uniform traffic:

1. for an hexagonal cellular layout the relationship

hetween DN/R and the number of distinct "channel
7
sets,M,required is given by '

D/R = 3N,

- Y48 -
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In tHe simulation model N is taken to bef3 and

- consequently the minimum reuse distance (v ) is

équal to 3 cell radii. Also, the number (I.C) of

memhers in the 1.C.G equals 7.
all cells are of uniform size and shape

the call holding time, in any cell, is assumed to

be exponentially distributed,with a mean of 120

secs. =

»
\

the. calls in each cell are assumed to have a
Poisson distribution with the same known arrival
rate

”~

( X calls/hr). Thus the loading will Jbe
Ao e = e [Erlangs]

The first availahle dynamic channel in the search,
that satisfies the spacing constraint, is borrowed

for use.

hlocked calls -are cleared,i.e.Erlang-B service

discipline.

It is assumed that the mobiles are identifiable
entities and can tune to, any channel, as dfctated._

by the hase stations.

-

z g .- ! ' |
' .
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‘g, the hase stations could transmit on any frequency

at all times, as assigned to them by the MT30.

9. the ‘power level radiated from. a base station
anﬁenna\ is sufficient' to give an adequate SHNR
r - . ‘
, ratio at the cell's houndary. . Thus the coverage

Timitation is due to the cochanhei interference.

10. calls that are assipned to the charinels remain on
~ 'a.' 14 .
for the full c¢all duration time specified by the

exponential distribution.

11. there are no cell boundaries crossings for all
c§1ts-in-progress. Thi§ implies that calls'use a
miven fixed‘channel and as specified in (4) above;
are ﬁot forced to tgrminate premaﬁurely because’

there are ho available channels in the new cell.

12. .there is no limit on available radio equipment at

the hase stations.

13. +there 1is no 1limit on +he numbher of available

access channels.

5.1.2 Case 2: Non-uniform Traffic

The following assumptions pertain specifically to the

non-uniform traffic case:

-



-~

1. the same assumptions that were made in case 1

o

above—iuniform traffic ) alsa pertain to non-

r

uniform ‘traffic, except for assumption 4 which is

| excluded, :
ﬂ\\__ﬁ\\-Q///”/?. The calls in the central cell and its surrounding

cells are assumed taq have Poisson distributions
B
with known arrival rates .

(* Ay calls/hr) and ( Ay calls/hr), respectively.

4

3. The traffic in the central cell is always assumed

X%, greatqrfthan the traffic in the surrounding

cells.
b, We first consider the same number of .channelsAn
each cell. Then, we consider that.the number of

channels allocated to the surrounding cells 1is
always less than the " number of available channels

assigned to the central cell.



‘ “ D
NOMINAL CHANNEL \ I |
SETS.
—
N I
- . Py ] \

Fig, 5.1 The Cellular-Structured Mobile Radio System of 40 Cells
that was simulated utilizing three Channel Sets N1, N2 and N3.
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5.2 SIMULATION MODFEL

The simulation model can he easly followed w1th the ald
of fhe flow-chart i; Figure 5.2. For an incoming call (say
X) originating from centra) ceil #1, the left hand braneh
of the chart is followed. _If call X passes the availability,
"test of the fixed channels in the central cell it will
seareh for the first fixed channel eliocated to celJ #1 and
then 1t will receive immediate service by that channel. if
call X finds all fixed channels occupled ‘in the eentfal
cell, it will proceed to the next test on the availability‘
of dynamie channels (beloneing to anv channel set iﬁ_@he
 system) wﬁich could be borrowed for use in cell #1 at that
moment of time. On passing that 'test, call X wili search
for the first ,aQaiTable dynamic channel satlsfyln | the
cochannel interference constreint_and -will then seize the
channel ‘for the full call duration time. Call X is blocked
and forced. to leave the system, 1f all voice <channels are
hhsy in the central cell. Upon completion of service by a
fixed channel, call X reieases the = channel. Refore
returning the channel to cell #1, call X first checks if
other calls from the same cell are-currently being sefved by
dynamic channels. 1f so, Chaqnel Reassignment is initiated.
Tn the channel reassigning process, call X hands-off the
released fixed channel to the first sueh call in progress,
thus freeine the dynamic channel whiehr that call previously-

occupied. The reassigned call will continue to converse oOn
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the newly assigned fixed channel for the remaindér of the
call holding time, while call X Jdeaves the system. The

freed dynamic channel has to be returned to the central pool’

for the next assignment.

The nrocessinpg of calls originéting‘from cell Cj (25 j %
40) can be followed by returning to the status check block
at - the top of  Figure 5.2 and folipﬂing ﬁhe'right hand
hranch. As +ihdicated on the flqw-chart, the assigned
channel is similar to the channel assignment criteria in the
1eft hand branch. The only restriction made_is that the
dynamic chénnels assipgned to each channel set are belongihg
to the common-s&steml pébl. If, after checkiné all radio
channelg in the svstem, no available channel is found, the
call in any cell 1is blocked as indicated on Figure ©&5.2.
Blocked calls are'completely removed from the system and no

other attempt to éefve them is made.
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Fig. 5.2 Flow-Chart For.The Simulation Model OF The Cellular Mobile

‘Syst:.em Employing The Hybrid Channel Assiéﬁhent Scheme With

- . Erlang-B Service Discipline .
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e >
r"SIMULATIONS RESULTS POR CASE 1: UNIFQRM TRAFEIC

The celldlar system -that was simulafed is shown in Fig.
5.1. The simulation was done using GPSS/360 [14-161, and
was run on tﬁe-AMDAHL.M70/V611.' 40 cells wefe Used hecause

of constraints -imposed by GPSS [14,16].

6.1 'STIMULUS TO THE SIMULATED SYSTEM

The performanée data are accumulated from the central

portion of the system (20_.middle cells). The traffic iﬁ this

case is uniformiy distributed over the cells. The results

are representative of an infinite system. The reason for

-

using qﬁ'infinite' cellular lavout was to overcome the edge

effécts. Using a finite system, cells near the edpges of the

»

~system will have fewer neighbouring cells to _induce

cochannel interference~ The <cells around the edges do not.

have enough,neigﬁbouring cells to cause calls to.be‘brdcked,

whereas the ‘centrally 1located, cells. ‘have a lot of %

‘neighbouring Qells,and” theféfore every time the\1 central

cells wisH to borrow, chances are the neighbouring cells

will bhe usiﬁg the desiréd channels. This givés rise to the

. central cells. having higher' blocking probabilities than

those at the edges.

- B8 -
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6.2

THE TNPUT PARAMETE

v

—

S TO THE SIMULATION MODEL®

The following abbreviations helow have been adopted and

are used

C1

CJ

Ph

3

in the following sectioné;

central cell.

sells surrounding the central cell C1 (2 ¢ J < o).
mean call attehptﬁrate.for c1. »

mean call attempt rate for CJ.
{

“Ay ,if the traffic-is uniformly distributed in each

n

cell .

. channel division ratio on a '"per cell™ basis.

number of fixed channels.

number of dynamic.channels .per channel set.

i +

number of calls which fail to find a voice channel

sum of ecalls which find/don't find a veice channel

~

—

blocking probability of voice channels. v

The "denominator of P, represents the total number of

calls which enter the program simulator to find/don't find a

’

voice channel assignment.

~

Table A.1 summarizes the different systeh configurations

simulated.”

I
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- TABLE 6.1

DIFFERENT SYSTEM CONFIGURATIONS SIMULATED

AVERAGE NUMBER OF ‘CHANNEL PARTITIONS " TRAFFIC LOADINGS |
CHANNELS PER CELL IN ' IN ERLANGS USED IN
SYSTEM WITH UNIFORM ' - FIXED DYNAMIC JHE STMULATION
TRAFFIC & FIXED CHANNEL '
ASSIGNMENT SCHEME
10 10 : 0 * .
8 :2 5,5.5, 6, 6.75, 7,
7:3° 8, %, 10
6 : 4 '
‘ .55
e . 4 :6
18 18 : 0 *
16 ¢ 2. 11, 12, 13,14
14 : 4 ’
10 : B oy
21 21 : 0 Lk - .
= 17 : 4 13, 14, 15, 16, 17,
15 : 6 18
25 25 : 0 * '
22 3 i7, 18, 19, 20, 21,
20 : 5 21.5, 22
18 + 7
28 28 1 0 %
26 : 2 20, 21, 22, 24
24 &
20 : 8
30 30 : O * :
28 @ 2 21.5 , 22, 23, 23.5,
25 + 5 24, 25, 26
22 : 8 .
20 :10
15 :15
35 35:0 " ‘
33 : 2. 26 , 27, 28, 29, 30,
31 : 4 31 -
28 : 7
25 :10

* Base load
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6.3 . SYSTEM PERFORMANCE

6.3.1 Maximum Traffic per Cell that géch System
: can support

Tn the case of 10 and 18 fixed channgls, ;on the_éQerage
per cell, the Fixed Cﬁannél Assignment “Schemes (i.e. the
‘channel division 10:0 and 18:0) were simulated for the sake
of validatine the program. In Figures 6.1 to 6.7, the Y-.
axis represents the averarfe hlockihg‘prohabi1ity Pb >in the
twenty middle cells. and is Eomputed as mentiongd in section
6.2. Tﬁe X-axis represents the increase‘in 1oad ~over the
hase loads for the desired grades of service which 'afe
iﬁterp;eﬁed here, as the FPb . We first found from the
‘Frlann-ﬁ traffic.formula ﬁiveﬁ by equation 3.é, the offeréd'
"éraffic, in Frlangs, required to give a desired grade of
.service with a certain average number of inxed channel per

cell. The hase load is termed as the réquired traffic which

was used as the base for computing the increasé in offered
traffic. In the éase for 10 channels, with a mean call:
ho]ding time of 120 sec, the base tr;ffic‘raté is 5 Erlangs.
This is corresponding to the Ph of 0.018, Theréfore, this
figpure of 5 - Frlangs iz used as the basis‘ for  the

ealculations of the percentare traffic increase.

‘.

In figure HA.1, the simulated . results for the Fixed
thannel Assignment Scheme Were plpbted élong with the

theoretical wvalues ohtained from ‘the FErlang-B formula.



The%e results show that the simulator program was worklng as
¥

desired. This figure also shows that for load 1ncreases of

o

- v

up ‘to ahout P4% above " hase load theiﬁzu system gives the
lowest Pb, whereas the channel division of 7:3 pérforms
better for load incrééses beyond 24% above base load. The

" svstem that can %upporf the hipghest traffic with, 2% maximum

hlocking is 7:3 and this maximum graffic is 6 b Erlangs

b
!

From Figure 6.2 we find that for load increases of up to

about 11.7 EFlangh, the . 10:8° svsﬁém giﬁeé .the 1dwest'
probability of blocking. While the sygtem having, on the
avérage, 14 fixed channe1s per cell and 1 dynamiCaghéﬁnqls

per channel qet ‘gives the hest results'with'Q% maximum Pb

and the maximum traffic in thls case is-about "13.2 Frlang

*

Figure h:3 shows results obtained from simulation of a
system that had base load offering of 13 ErIangs, on the
éveragé per ge11; ﬁé 2egain notice,‘from Figure 6.3, that.
for load- increases of up to’ ahéut 22% above base 1load (13
Ef1angs) the 15:6 system gives the hest.results. _While.the
system having, on the averaée, 17 fixed channels per cell
and & dynahic channels per channel seﬁ gives the lowest
probability of blocking. From the same fipure we find that

for load increases of up to ahout 16 Erlangs the 17:4 .system

gives the best results with 2% maximum Ph.



L)

X: From Simulation
Results

g AVERAGE BLOCKING FOR 20 MIDDLE CELLS.

2% maximum Pb'

| i 1
5 6 7 8 9
Traffic[§r1ané]

**‘P'.

Fig. 6.1 Performance of System with initially 10 Fixed

Channels per cell.
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-9 AVERAGE BLOCKING FOR 20 MIDDLE CELLS.

X:LE;BN'Simulation_Results.

Lok

2% maximum P .

|

1 - 12 13

Fig. 6. 2 Performance of System with initially 18 Fixed

Cthannale nar rall

14

15
Traffic [Erlang]



¢

' ¢ AVERAGE BLOCKING: FOR 20 MIDDLE CELLS.

Ve 2% maximum Pb'

| [ 1 I I

13 14 . 15 16 ‘ 17

18
. Traffic [Frlané]
Fig. 6.3 Performance of System with initially 21 Fixed

Channels per cell.

»
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The performance of the different channel divisions -used,
with on the average 25 fixed‘chénnels per cell are presented
in Figure 6.4, From this'Figure we once again observe that

the 18:7 systém can support the highest . traffic with 2%

maximum blocking; and ®is maximum traffic is 19.5 Erlangs.

Fig. 6.5 shows that with load increasinﬂ.up to about 20h6‘
Frlangs the average number of blocked Fallg is the lowest
for tﬁe system having 20 fixed chanhels per cell and ”8
dynamic channels per chaénel set. Once the ¢traffic is
increased bevond that point, the system with, on thé average
24004 starﬁs to bring the best result with 2% maximum Pb and .

the maximum traffic is 22.2 Frlangs.

From Fig. 6.6 we find that for load increases below 17%
{ about 25 Frlanes) above hase 1oad, the channel partition of

22:8 gives the hest performance Wwith .?% maximum Pb

 From Fig. 6.7, we once agaln observe théf at iow traffic
‘loadings the 25;10 system:héving the most dynamic channelg
Fgives the lowest probabflities of bl%cking. On the other
hand, the syste@ 31:4 ecan suﬁport the highest traffic with

24 maximum hlocking and this maximum\tﬁaffic is 29 .Erlangs.

- BY _f



X: From Simulation Results.

# AVERAGE BLOCKING FOR 20 MIDDLE CELLS

/
/ \ o ‘
A\ o 2% maximum Py,
18:7
AN
A ]
| - L 3 L .

Fig. 6.4 Performance of System with initially 25 Fixed

Channels per cell. — 65 - .

Traffic [?rlané]



% AVERAGE BLOCKING FOR 20 MIDDLE CELLS.

2% maximum Pb'

| | | . |
20 21 22 23 , 24

Fig. 6.5 Performance of System with initially 28 Fixed Traffic [Er]ané]
Channels per cell. '

[
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% AVERAGE BLOCKING FOR.20 MIDDLE CELLS.

! i 1 1 ] |

~i

-21.5 23 24 25 26 27 28

Fig. 6.6 Performance of System with initially 30 Fixed
Channels per cell.
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2% maximum Pb'

% AVERAGE BLOCKING FOR 20 MIDDLE CELLS.

| | | | . i

26 27 28 23 o 3 Traffic [Er]ang]
Fig. 6.7 Performance of System with 1n1t1a]1y 35 Fixed

Channelis per cell, .
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* The performance of the different hybrid channel divisions
with reqpecf to the maximum, traff1c supported for 2% max1mum
'Pbghis presented in Flé. 6.8. Note that only the optlmum
‘combinations of fixed and dynamic chadnels (i.e. best hybrld
channe}s) uare;shdwn in.Figure 6 8 for a specifled total

-

numher of channels.

1)
: } ,\‘Figure A.9' represents the simulation results sof hybrid
- svstems. with, on the averare, 70% fixed, .30% dynamic.
ComparinP Figs, ¢4 | aand 6. 9/ we ohserye - that the 70%:30%

Hybrld Scheme is extremely close to the "best! one in terms

of the maximum trafflc carrled

)
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6.3.2 - Minimum number of necessary channels

-In Figs. A.10 to 6.14, the Y-axis represefits the avérage
blocking in the twenty middle cells and is computed as
explained in section 6.2. The X-axlis represents the

. : . N +
vincrease of traffic in Erlangs.

Firstvthe simulation‘was done for the case of bhe channel ,
partitions (R0% fixed and 20% 'dyﬁamic). This éimulation
results are represented in.Figs. 6.10 and 6.11., For 2%
maximum Pb, each partition gﬁves the maxfﬁum traffic which

can support.

Fig, 6.12 repreéents.the channel‘partition (70% fixed and
30% dynamic). Onée”aqéih, each partition gives the maximum
“traffic, while h;ving a-call rejecftion rate of né more thaﬁ
2%, . | L |
ﬁ.
Figure 6.43 shows +the simulated results fbr the channel

divisions (69% fixed and 314% dynamic).; Fach division gives

- the maximum traffic,whigh'can support with 2% maximum Pb.

The simulated results for the Fixed channels Assignment

Schemes are plotted in Fipure A.14,

- ‘ ,’_‘- e- : -

" .. The resu?fg presanted. above show a remarkable general
4

performanée of the arious system configurations simulated

in regard to the probakility of"plocking (i.e. 2%).




% AVERAGE BLOCKING FOR 20 MIDDLE CELLS.

2% maximum Pb'

3 o p ' |
15 20 25 30 >
Fig. 6.10 Performance of Hybrid Systems (80% fized, 20% dynamic) Traff‘lcEﬂanc_{]
with 2% maximum Py _ ’
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% AVERAGE BLOCKING FOR 20 MIDDLE CELLS.

2% maximum Pb.'

I ady,

15

Y

0 —_ 5

Fig. 6.11. Performance of Hybrid Systems (80% fixed, 20% dynamic) Traffic[Er]ang]

and 2% maximum P, . '
R b - 74 -



% AVERAGE BLOCKING FOR 20 MIDDLE CELLS.

T

2% maximum Pb.

Fig.

6.1

5
~ Performance of Hybrid Systems (70% fixed, 30% dynam1c)

and 2% maximum Pb

’
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% AVERAGE BLOCKING FOR 20 MIDDLE CELLS.

2% maximum Pb.

15

Fig. 6.13.

25

Traffic
Performance of Hyhrid Systems (69% fixed, 31% dynam1c)

and 2% maximum Pb
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6.3.3 Spectral Efficiency, Hybrid VS. Fixed

Figure 6.15. represents a comparison between the optimum
Figed and Hihrid systems with respect td the minimum number
of \frequehcies required in order to provide a grade of
service 2% of hetter.\ we found that the hybrid systehs are
in general more sDecFrum efficient than the fixed systems,
for ‘the same offered traffic énd grade of service. Fpr
exampnle, for a traffic of 9 Erléngs, the 11:4 hybrid system
had a performance comparable to the 1R:O‘fixed system - a
net saving of 3 channels per channel set (i.e. 9 channels in

system area).

Figure 6.16 jﬂives an indication bf the improyement in
spectral pfﬁiciegcy one can expect with a hybrid system aé
compared to the fixed channel assiﬂhment system. From this
fipure, we c¢onclude that 15% is the total average .of the
spectral efficienﬁy of the hybrid systems in compafison with

the F;xed systems simulated.

/

/

/

’
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% SPECTRUM EFFICEENCY OF HYBRID SYSTEMS

WITH RESPECT TO THE FIXED SYSTEMS.
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6.0 INTERPRETATIONS

In this chapter -we presented .simulation results of a

" cellular land-mobile radio-cemmunications : syaﬁem‘ with
Frlang-B service and traffic uniformly distribdted. in the

‘service ereé.' The two schémes, fixed ane.hybrid channel
assigement, were compared as to the maxiﬁhm traffic they can

" : b4
carry for 2% call rejection rate. We have found that the
. - * 1 B .

hyhrid system {70% fixed, 30% dynamic) 1is very close to the N

hest hybrid scheme in terms of maximum traffic carried.

-

.

s

" In addition we have detefmkned the minimum number of

-channels_needed by "each of the schemes in order to carry‘a'

given traffic and still keep a maxitum rejection rate of 2%.
'Fina11y wefhave.'coﬁpared the spectrallefficiency of hybrid
systems with nesg:Et to the fixed systems. The saving in
‘frequencies, when using the hybrid channel assignment, was
on the " averarge “15% as compared ‘to‘ the fixed . channel
assignment schemes. This important feéture'of. the hybrid
scheme may he used as an alternative ﬁo naell-splitting"” in

the case of a fixed scheme. o v

‘ We hope that these first results, obtained with a uniform
traffic, will Qe"of use to those designing cellular; Yand-

mobile radio communication systems.

ST
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Chapter VII - N

STMULATION RESULTS FOR CASE 2: NON-UNIFORM TRAFFIC

3

7.1 IMTRODICTTON

This chanter feports the resultsrpf a simulation study of
the éase off non-yniform trafflc distribution and‘ in
particular increasing traffic load in the central _cell ¢,
as compared to~ all other ceils. Erlang-R servipe is again

assumed.

The slmpWest channel 9%31pnment technlque, presented here
as a startlng: p01nt fpr the 51mulat10n ‘requires the
dlv;qlon ‘of the avallahle channels into N equalrsets first.
The traffic 9%t1mated to c1 (City™ Center) is always greater
than the‘traffic in the surrounding cells.

In a tvpical system, it is expected that. the offered load

will increase in £1 and a considerable'numbe% of channels
v . S ,

will be used 1in the set N1 allocated to C1. But the same *

set M1 wil) be repeatedafﬁlmu1taneous1y in other . cells CN 1

(where the ﬂ?affic is lesser), under con51derat10n of the

minimum reuse ‘distanee (y ). 3

For theée simulation model we consider -the followihg'casesE

- R?2 -

'.. \:? .l oo . .
" ) ( * ." {

———
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-~

pau

~

Same number of channels allocated to €1 and.

others. ‘ T

h Y

different -number of channels ailocgted to C1 and

otheﬁs,

1

fixed ¢traffic for other cells_'Cj, changing. for

central cell C1.

13

Finglly, two additional cases are ¢ nsidered separately

while keeping‘ the total number of channels in the service

area fixed: -

1.

1) ) -
33.3% of the available channels, in the service

area, allocated to each cell o )
. . - F 4 .

T . ) ”
10% and 30% of fixed <hannels , 1in seérvice area,

assigned to the central cell and each cell Cj,
respectively.

- -
,

’

The traffic in the central cell is assumed 20% greater

than that in each cell Cj for the two ¢ases assumed above.

7.2

T.2.

cellx

)

SYSTEM PERFORMANCE-A

Performance of system with 30 fixed
channels in service area

The same number of fixed channels is allocated to each

"As  shown in table 7.1, 10 channels are assigned in,

each cell. the hase load in C1 1is greater than that in each

cell Cj.

- 83 -
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Table 7.1 ’ o ‘ o .
~— f
c. ) v
JMin. Mum. of Min., Mum. of base load in | base load in
channels in .| of fhannels in _'Erlangs Erlangs for
C1 ~ each c&ll Cji. . for Ct Cj at 2% Pb«
10 10 5.53 K 5
(.
10 10 .22 - 5
10 10 . 7.00 5

Figures 7.1 to T.H4 rgQiesent some typical simulation

results that we obtained.

V4

7.2.1.1 Performance iﬁ c1

In the case of 10 fixed channels, on the average, per
cell we found from the table of the Erlang-B traffic formula.
what traffic rate inyErlangs was reglired so as to have a

given grade of service; ‘that is: ol ¢
1. for blockine probabilities of 3%, 5%, and 7.874%

the traffic rates are 5.53, 6.22, and 7 Erlangs,

L]

}/ respectively, in the central cell. .

2. A different traffic rate (5 Frlangs) 1is assumed
and the probability of blocking 1% 24 on the

averapge per cell Cj.

.~ BY -



Fie. 7.1 represents the percentapé P, in C1 ‘only and is
éomputed'hy simptly fiﬁding the ratio hetween block?d callé
to the total numbér of calls initiated in the cell 1in a
given period of time. The X-axis reﬁresents the increésé in
Erlangé. The reduired trafficllpad' (for a .givén Pg) is
termed as the bQSe.load, which was then used as the:basis
. for computine the percentaﬁe increase in offered bréffic.
Having determined the Dase load, the traffic WQS'incréased f
in all cells with the same\ percentage. As figure 7.1
indicaﬁed, the' traffic in C1- is. 9.6% greater than the
traffic in.the remaining cells. This figure also shows that
for load increases above hage 1oad (5.53 Erlangs) the B:é
system gives the hesf results ‘gith 2% maximum block;ng
probability and the maximum traffic is 6.8 Erlangs.
‘ - f

From Fig. 7.2 we find that the channel partition of 5:5
is more ef%idient fgr P%'maximum Ph and the maximum traffic
is 6.85 Frlangs. This Figure also indicated that the
traffic in €1 was 20% greater than the traffic in - each of

]

the surroufﬁinﬂ cells. ™ o

ﬂith the assumed traffic in ‘the central cell being 29%
higher than the traffic in Cj, Fia. 7.3 shows that for load
increases of up to about 10.2 Frlangs the channel pantition
5:5 pives the Tlowest probahility of hloecking. Once.again,

the same channel parbition'performs better with 2% maximum



Pb'and the maximum traffic is T.Sé Frlangs. However, beyond
10.2 Erlangs, the R:? system yields the lowest probébilities

of blocking.

7.2.1.2°  Performance in Cj

& : - =

Figure 7.4 repnresents the nerformance of the different
channel dijjvisions used in C}J, with. an average of- 10 fixed

channels ﬁer cell. The Y-axis repreéents the average

percentare bhlocking of the nineteen middle cells Cj

(j=2,3,...,20). From the same figure we find that the
channel partition 5:5 (in this case the traffic‘in’ Cj is
* 9.6% lesser than that in c1) performs better with 29 “maximum
‘FF\‘and the .maximum traffic 1is 6.15 Frlargs. Beyond 23%

(.15 FErlangs) the R:2 system performs better.

The same figure shows that for load incfeases above base
lToad (5 Erlanﬁé) the 8:2 system performs better with 2%
maximum Pb and the maximum traffic 1is 6.3 Erlangs (the
traffic in Cj in this case is 20% lesser than that in C1).

N

Once apain, the channel partition 8:? pives the best
perférmancé in‘the case of 2% Pb and 29% differehce of
traffic. The maximum traffic ébtained is 6.2 Erlangs with

29 maximum Ph.

- 86 - .



. o .
T.2.2 Interpretations , . .
A

L)

From our inﬁerprétation of the results so far, we found
that for %;éffié increase up to about 23% (6.15 Erlangs)
above base load, the system with most»fixed channels/én C1
performs better (the difference‘of traffic in this céée ié
9.6%). Inversely, the' system with most dynamic .channels
performs hetter in Cj. Reyondj?3% increase in traffic; wé
have fouﬁd the same situation as with uniform traffic: the

svstem wi%ﬁ miﬁimum- Hynamic channels nerforms better in c1

and CJ-

If the difference of traffic is 20%, the 5:5 system in C1
rives the lowest probabilities of blocking to about 7.8
Frlangs ahove base load (6.22 Erlangs). However, the 8:2

svsteﬁ in the surrounding cells 'outperforms the other

channel partition 5:5.

Nn the other hand, the 5:5 system perfgrms bast in C1
when the load increases to 10.2 Erlangs (the traffic in C1
s 209 preater than that in each celll Cj). Beyond 10.2
Frlamrs, fhp‘B-? system Eerforms t@g;gpst. Inve}éely, with
the same dlfference in traffic, the %ystem Wwith most dynamic
channels in CJ gives the lowest prog:hllltles of b]ocklnp
for load 1increases to ahout 5.4 Er;angsf’ BReyond 5.4
Frlangs, it 1is found that the R:2 system gives the best

performance.



- % BLOéKING PROBABILITY IN CENTRAL CELL CI.

S22t

20

18

16

14

12

10

~ The Traffic in C1 is
9.6% Higher than that
in each of Cj'

2% Max imum Pb'

5.53 6.636 7.742 8.848 9,954

, Traffic [Erlang|
Fig. 7.1— Performance of System with initially 10 Fixed\-

Channels in Central Cell C1,
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% BLOCKING PROBABILITY IN CENTRAL CELL CT1.

[

24 | .

PRI L bR SREig

22 }
20 |
18

16 |

12 t

10 [
s I
8 -
6 . ' -
The Traffic in ‘C1 is
20% Higher than that
4 in each of Cj. \
2% Max. P
g oo
1 ' [ 1 —
6.22 7.464 8.708 '9§§54 11.196 -

Traffic E-Zﬂang]
Fig. 7-2>Performance of System with initially 10 Fixed
Channels in Ci. "
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% BLOCKING PROBABILITY IN CENTRAL CELL CI.

) 30- | .. - " * -“.-,-
28t

. 26

T

20

181

6

14}

10 L

The Traffic in C1 is 29%°

8sr/ Higher than that in each’
of CJ-.
6 -
4t
21 B R
7 8.4 9.8 1.2 12.6 >

Traffic E—Zr]ang:\
Fig. 7.3- Performance of System with initially 10

Fixed Channels in Cl.
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% AVERAGE BLOCKING FOR 19 MIDDLE CELLS (1< i<19)

18 |
16 | .
{
14
12 1
{\.C
10 ¢
5:5
81
6 1 _ The traffic in eaﬁh.cel; C3
is 9.6% lesser than that
in CI1. o
Ni —~—— The traffic in each cell Cj
is 20% lesser than that
4 L * in Cl. )
——————— — The traffic in each cell ¢y
is 29% lesser than that
in Cl.f .'.-.w,-'-‘"."'i'
4 2% Max. Pb'. S
2|\ _fp Ty
tt’-“: /
//?7/
il /,’
\\\ e ’
; ) . . : > Trafficllir]ang] A
5. S 7 8 9

Fig. 7.4-Performance of System with initially 10 Fixed Channels '
per each of C. (1< j<40). .



7.3 SYSTFM-PERFORMANCE-B

The interpretation given in this section is. similar to

the first section. . The tahie 7.2 summarizes the different

system configurations simulated.

o ‘
1. The first . two rows _represent a simulated system

Wwith the same numbher of channels per cell.

2. The remaining rows‘ represent different system‘
confiﬁurations‘simulated. The central cell has a
1ist of nominal channels which 1is greqter thaQ the
numhér of channels in each cell Cj. The .
investipations which have been carried out, assume
a base load o% (X Frlangs) to achieve blocking

probability of 2% in every. cell in the service

area.
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7.4  PERFORMANCE OF SYSTEM WITH -30-FIXED CHANNELS BER CELL
OF 39 AR B

»-

Fig. 7.5 presents the simulation results for the system
with an "~ imitial allotment ' of 30 fixed channelsﬁ,per cell,

that is:

1. the central cell is assumed to have a variable
traffic load with a hase load 21.9 Erlangs to

achieve Ph (0,02)

5. A fixed traffic rate of 23.1 Erlangs 1is assumed

]

for Cj to achieve Pb (0.03)

7.40.1 Performange 1 1 Q . //

From Fig. 7.5 'we notice that for load increases up ‘to
ahout 100% (L3 ™ Erlangs) above base load (21.9 Erlangs} in
C1, the ?2:R system with most dynamic channels performs the

hest.

T.4.2 Performance in Cj

N

From the simulation results obtained, the average
percentapge blocking in each cell Cj {5 1.6% for the 28:2

. ~
system. . This percentage starts to increage at high loading

rate (> 100% of traffic ahove base load [2 rlangs] in

central cell). The npercentage blocking/Tor 22:8 system is’

1.3U48% . This pengggfaﬂeﬁstarts t

increase in each cell C]
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LY

as the:* load incredses beyond 60% above bhase load 'in C1 as

shown in Figure T7.6.

~ Ffficient channel reuse 1is achieved 1in these dynamic
channels reassignment systems by switching calls_initially
assigned dynamic channels to fixed channels as soon as

+

possiblel Ther channel efficiency'of the fixed channels.is':
increased‘iconsiderahly bqpaﬁse of the. switehing of . calls
Ffpm dynahic channels into tﬁem. Fo;\EW\vjé:tems with most
dynamic channels efficientiy handle the random fluctuationq.
in offered traffic as the load in C1 1is increased to about

404 above base load (21.9 Erlans). Reyond 60% load

increase, systems .with most fixed channels performed best.

~
L]

Fies. 7.7 and 7.8 represent other simulation results of

. : \
the system with initially 30 fixed channels per cell, that

is:
1. the £1 is assumed to have a variable traffic with
a load of 24 Erlangs-to achieve Pb (0.0L4)
5. a variahle traffic rate of 21.9 Erlangs 1is assumed
for Nd to achieve Pp (0.02).
3. the traffic in C1 is B8.75% thipher than that in

each Cj.
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7.%.3 Performance in C1

,
~\

From Fig. 7.7 we can obtain that for load increase§‘up to
.about 26.3 FErlangs the 2278 .system, with most dynamic,
channels, performs better ahd'*the.maximﬁm “traffic for 2%
maximum Pb is 25.2 Erlangs. On the  other hand, the 28:2
system mives the hest results gor load inereases from about
26:3‘ Frlangs to 3U4.8 ﬁriangs:‘ Beyond'36 Erfangs, it is
found that 30:0 gives the 1oﬁest probabilitieglof blocking.

T.4.4 Performance in C]j

< ¢
Fig. 7.8 shows tﬁattwith load increasing in Cj up Fq 23.5
ﬂErlangs the average number of blocked calls is the lowest
A
for the (22:8) system having 24 dynamic channels. Once the
“traffic is increased. besrond that point up. to-about 35.U
. Erlangs,fhe system with, on the average, 28 fixed cﬁannzls
and ‘2 dynamic channels per channel set. starts to bring forth
the smallegt average number of blocked calls.' Bevond about
‘BQ.M Erlangs, it fé found ‘that the Fixed Channel Assignment

Scheme- reign over all its competitors..

7.5  PERFORMANCE OF SYSTEM WITH 20 CHANNELS IN C1
AND 10 CHANNELS IN FACH OF-C3

The performance of the different channel divisions used,

with on the average 20 fixed channels assigned to C1,only

and 10 fixed channels assigned to each cell Cj, are
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/

representad in Fiqure&f?,g, 7.10 and 7.11. .The first figure N

v
-

refers to different conditions:

'7.5.1  Variable traffic in C1 and Fixed in Cj

7.5:1.1 Performance i 1

Prom-Fig. 7.9 we observe that at low traffic loadings up
fo a 12ﬂ%~ (29.04 Frlangs) traffic increase above base load
(13.2 Frlangs), the system with 16 dynamic channels in the
system pool (12:8, 6:4, 6:4) gives thé lowest probébiiity of

blocking. '

“T.5.1:2  Performance5iH Cj

\ ‘ _
In addition we found from .the simulation results that Pb

in the surrounding cells increaseS as the traffic in C1 is
incﬁeasing. .Hence; Pb increases from 0.0% at base load
(13.2 Frlanes in C1) to 1.15% as the traffic increases in C1

for the system with 8 dvnamiec channels (16:4, 8:2). The Pb

is increased from (@+057% at base 1load to 1.75% at higher

load for the (1é:8,’6:ﬂ) system with most dynamic chéannels

T
as shown in Fiesure 7.10. These "average probabilities are

computed from the nineteen middle cells only.

7.5.2 variabhle traffic in C1 and Cj
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7.5.2.1 Performnce in C1

The simulatﬁon results show that for load increases to

429 (18.74 Frlangs) ‘above base load (13.2 Erlargs) the two

* plots shown iﬁ Tigure 7.10 with different channel divisions .

(1A:U4, 8:2) and (12:8, 6:l4) are extremly close and give

_approximately the same Pb . On the other hand the (12:8,

f:4) system performs better for load increases from 42% to

about 75% (23.1 Frlangs) above base load. Again, beyond 75%
inerease in traffic the (16:4, 8:2) yields the best. The

fixed system (20:0, 10:0) would have =aiven the lowest Pb at

maximum load.

7.5.2.2 Performance in Cj

SN

Fip. 7.11 fenresents the performance of the system with
initially 10 fixed channels allocated to each set of Cj.
From this fisure we find that for load‘ increases to 15%
(5.84 Erlanegs) above base load (5.08 Ertangs) the plot of
(8:2, 16:4) system is very close to the other plot of (6:4,
12:8) system. Whereas beyond 15% to about 85% (9.4 Erlangs)
above hase load .the (6:4, 12:8) system performs better.
Again, the (B:2, 16:4) systém starts to give better results

hevond 85% increase in traffic.



7 6. PERFORMANCE OF SYSTEM WITH 30 CHANMELS IN
AWD 20 CHANNELS IN EACH OF CJ

7.6.1 'Performance in Ei

- LN

. * i ( -
The plots in Fir. 7.12 'show directly the relationship:

hetween the traffic offered to the hexaronal cells and the
hlockinﬁ‘rate‘ in C1. The parameters.of different channel
.%ivisions are indicatpé on each.plot in Fig. T7.10. This
Fipure shows that for ~less than ‘2% (22.3 FErlangs) 1lqad
_increases above .hasp. load (21.9 Frlanps), the channel
partition (18:12, 12:R) gives the lowest prebability of
bio@kinﬂ. Reyvond 2% the (28:2, 16:4) outperforms the others
with 2% m%ximum hlo;king.

e

7.6.7 Performance in CJ

Fioure 7.13 represents the bercentage .blocking in the

middle nineteen cells. From this figure we found that for

load increases to about‘55% (20.5 Frlangs) above hase load
(13.2 FErlanes) the Ehannel partition (22:% ,16€H) gives the
lowest probability of blocking. As the load. is increaéed
from 55% to about 100% (26.4 Erlangs) rthe (28:2, 20:0)

*
system performs hetter.

-

7.7 PFRFORMANCE OF SYSTEM W TH 34 CHANNELS IN C1

———— | — —

AND 18 CHANNELS IN EACH OF CJ

The simulated -resdlﬁs of 34 channels ,n C1 and 18

channels in each cell Cj are shown in Figs. 7.14 and 7.15

 resnechively.
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7.7.1 Pérformance in c1

Tn 7{:ure 7.14  we find”éhat For'1oad‘ingreases of up to
'ahout j0$ .(28 Erlangs) above hase load (25.5 Er]angs)-the
‘cutygs }except '3H:O,18:0\ fo} different channel partition
.aré extrege]y-c}pse. Nhep the load is ihcreas;d beyond 10%
to ahoht .651 (42 Frlangs) the (26:8, 1h:d) -system yields
better results. For load increases ~heyond 65%9* above base

load the fixed svstem outperforms all- other channel

- partition.

L

7.7.?' ‘parformance in Cj

-

The perﬁormance of the different channel divisions used,-
with on the averapge of 18 fixed channels per cell Cj, is
presented in 'Fig. 7.15. This Figure shows that for 1§aq
increases up to about 307% (15 Frlanﬁs) ahove base load (11.5
Friangs) the (12:f, 22:12) system perTofms better. Béyond
859 (21.2 Frlangs) 1oéd increases the (16:2,30:4) system

//gives the lowest blocking prohability.
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% BLOCKING PROBABILITY IN CENTRAL CELL C1.

30

28

26

24

22

20

18

16
14

12

10

The Traffic in Cj
is assumed fixed -
(23.1 Erlangs).

// 2% Maximum Pb' {\
S - oo

Y e e e o s — o — — — e — e — f
‘

’
r

‘ » Traffic [Frlang]
21.9 26.3 30.6 35.04 39.4  43.8 '

Fig. 7)s- Performance of System with initially 30 Fixed

[ Channels per Cell.:«

\\
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—’Blocking Probability in each cell Cy as
a function of an increase in traffic in
the central cell.

— The traffic in Cj is assumed fixed

3 : (23.1 Erlangs).

[N
|

—
(=]

1.35 ' . - ! 100% Q

% AVERAGE -BLOCKING FOR 19 MIDDLE CELLS Cj.
'—l
|

L | l | [ |

21. 6. . : ' ’
9 26,28 30,66 35.04 39.4 43.8 Traffic [Frlangw

Fig. 7.6 - Blocking Probability for hybrid systems in the

surrounding cells Cj' The traffic in Cj is assumed
fixed. '
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% BLOCKING PROBABILITY IN CENTRAL CELL C1.

Lo

2% Maximqp Pb.

L L L >

24 26.4 31.2 36 ‘a0.s Traffic [Erlang]
2
Fig. 7.7 — Performance of System with initially 30 Fixed
Channels per Cell. '




26 F

W

¥ AVERAGE BLOCKING FOR 19 MIDDLE CELLS (1<j<l19).

30

28 |

22 -

18

. s
4 2% Maximum P, .

21.9 24.09  28.47 32.85 37.23 Traffic [Erlang|
Fig. 7.8 — Performance of System with initially
30 Fixed Channels per each Cell of Cj.

-
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% BLOCKING PROBABILITY FOR CENTRAL CELL CI.

/

The Traffic in C; is assumed

- fixed (13.2 Erlangs):

2% Maximum Pb'

Traffic [Erlané]

Fig. 7.9 — Performance of System with initially 20 Fixed Channels

in Cl and 10 Fixed Chennels perpeach Cell of C, .



{
% AVERAGE BLOCKING FOR 19 MIDDLE CELLS.

PR

: . 1 .
— BlockingdProbability in each cell C, as
& . a function of an increase in traffia in

" the central c¢ell. o

3 . —~ The traffic.in Cj is assumed fixed (5.08 Erlangs).

1.75 L °

1.15 |

| | i L |

0 &
O~ -
13.2 17.16 21.12 23.76 26.4 29.04
.Traffie [Erlang]
LV a

Fig. 7.10 - Blocking Probability for hybrid systems in the
surrounding cqlls’cj. The traffic in C; is

‘ J
assumed fixed. .
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% AVERAGE BLOCKING FOR 19 MIDDLE CELLS (1<:j55]9).

2% Maximum Pb.-

5.08 6.6 8.13 9,14 10,2 11.18 Traffic [Erlang |
Fig. 7.11 - Performance of System with initially 10 Fixed

Channels per each Cell of Cj and_20 Fixed Channels
in C1.
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% BLOCKING PRbBABILITY IN CENTRAL CELL C{i

- 108 - ' -

2% Mﬁﬁcimum Pb.

| 1! | -
21.9 28.47 35.04 39.42 43,8
' ' Traffic E:‘.rlang:\

Fig. 7.12 — Performance of System with initially 30 Fixed

Channels in Cl' and 20 Fixed Channels per each Cell of Cj'



9 AVERAGE BLOCKING FOR 19 ﬂIDDLE‘CELLS (1<

<19).

. 34 af

p—
[#)]
t

327
30 +

28 1

N o ro
[aS] o+ o
1} : e

[
(o]
t

—_—
[o o]
L
T

—
-]
t

ek
n?

—

o
Il
1

!

' r.4

13.2 17.16 21.12 23.76 26.4

' Traffic[—_éﬂang]
Fig. 7.13 - Perfomwwith initially 20 Fixed
Channels per each Tell of Cj and 30 Fixed

Channels in Cl.
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% BLOCKING PROBABILITY IN CENTRAL CELL Ci.

. aéq.— . . .o -1_;_':_. .

361

¥
e

327

304+

267

241

{

18 T

167

10 +

2% Maximum Pb.

25.5 28.05 33.15 38.25 43,35 48.45

Traffic [Er] ang |,

“Fig. 7.14 — Performance of System with initially 34 Fixed
Channels in C1 and 18 Fixed Channels per‘each
Cell of Cj. ' o
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% AVERAGE BLOCKING FOR 19 MIDDLE CELLS (1<:j5;19).

18

14

2 + o 4 | i

30 (-

S
22

20

16

12

10

l —
11.5 12.6 14.95 17.25 19.5 ° 21.85 ,
Traffic EEr]ang]

Fig. 7.15 — Performance of System ﬁith initially
18 Fixed Channels per each Cell of C.
and 34 Fixed Channels in C1. J ¢
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7.8

SPECTRAL EFFICIENCY,

el

R

HYRRID VS

The spectral efficiency i

.ratio hetween the net saving of channels,

as compared

channels in each cell.

CHANNEL

THE SAME, NUMBER OF

to the

e
TARLE 7.3

FIXED WITH
et

5 N

e

FACH CELL.

. L)
s computed by simply finding the
for Hybrid.systems

fixed systems, to the total number of

5 of channels

- 112 -

" [Mumber of Number of Number of 9 of
.cﬁannelsr channels “in C1. channels channels
in service in CA in each Cj |in each

area . -Cj.

30 10° 32.37 10 33.3%
U5 . 15 3323% 15 .33.3%
51 13 23.39 18 33.3%
63 21 23.3% 21 33.3%
75 25 33.34 .25 33.3%
Al 28 33.3% 28 33.3%
a6 27 33.34 32 33.3%
105 35 23.3% 235 33.3%
™
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Tﬁe tahle ahove ﬁhéws d&fférent Systems.simulaﬁed in the
service area and arranfed to .éompletely operaﬁe égainst a
. non-uniform spatial distribution of offered traffic.‘ ‘The
traffic in C1 is 20% higher than that in each cell Cﬁ.

. ' {

The first column represents the numher of channels in the
. . . , . 1o .

service area. The same channels are divided into three

channel setbs. Henee, the percentare of channels in edch

cell is 33.3%.. Consequently Ph in C1 is greater than Pb in .

each cell Cj. ’
-~ ‘
7.8.1 Spectral efficiency: Hybrid vs Fixed in central cell.
Tn Fipures 7.16 to 7.20, the Y-axis represents the
percentaqé blockine in the dentral cell C1. The X-axis

represents the* increase in loadine in Frlangs.

i
The simulated results for the Fixed Channels Assignment

Sehemes are plotted in Figure 7.20. As is mentionned above,
33.3% of fixed channels are assigned to each cell with 20%

difference of traffic. ' 3

X

S | A \\
',J
The results nresented above pive perfbrmance of the S

various system confipurations simulated with respect to the

maximum hlocking P%.
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% BLOCKING PROBABILITY IN CENTRAL CELL Cl.

71 ® The traffic in Cl 1s 20% higher | )
than that in each cell Cj'
6.-
W
5T A
8:2 . 11:4 -~ 15:6
4 F A
31
. .
2% maximum Pb‘
e
¢
1L
. _ | 1
6 8 14 16 18 20 . 22
Traffic[%rlané]

Fig. 7.16 — Bloc
18,

king Probability for Hybrid Systems with 10, 15,
and 21 channels in central cell.
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7 BLQCKING‘,PROBABILITY IN CENTRAL CELL Cl.

10

o d

A _
ol ,
The traffic in Cl is 20%
- | higher than that in each
‘ A
B ' cell C,.
_ , 4 ' 3
- -
- S
6 :
Q:
- 5:5 8:7
— L]
i ’
4
;7 2% maximum Ph.
' ; e ! | | , Traffic|Erlang
& 8 1w 12 14 L 8 20 22 [: ]

Fig., 7.17 — Blocking Probability for ilybrid Systems with

10, 15, 18,and 21 channels in central cell.
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¢ BLOCKING PROBABILITY IN CENTRAL CELL Cl.

Thbytraffic in central cell is
20%; higher than that in each

1} C,.
ce j -
1 | (r" -

—
o

L / /
h_ /
BT o
2% maximum FB.
2
1
& : 1 L i ! : 1 1 e
19 21 23 25 27 29 - 31 33 © 35 37
Fig. 7.18 — Blocking Probability for Hybrid Systems Traffic[?rlang]
- with 25, 28, 32 and 35 channels in central
cell.
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% BLOCKING PROBABILITY IN CENTRAL CELL Cl.

Fhé Traffic in Gl s 20% higher than that

in each cell Cj'

2% maximum P, .

N

{ [

Fig. 7.19 — Blocking Probability for liybrid Systems

with 25, 28, 32 and 35'channels in central
cell. :
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The results being oht .d due to the simulations for all

system configurations witH respect to the .maximum traffic
Ly . .

required and parade of service with a blocking rate of 2%,

are displaved in Fignr{%z.21. “This figure represents a

comparison hetween the optimum hybrid systems with respect

- .

to the number of frequencies required in €1 in comparison

with the fixed svstems., For example, with a maximum traffic

of 10 Frlanegs, the 11:4 hybrid system rives a performance
comparahle to the 18:0 fixed system - a net_saviﬁg of 3
channels in the central cell., The spectrum efficlency in

this case is 1R.HTE. We found again, that *the .hybrid
systems are more spectrum efficient than the fixed systems,

for the same offered load and max imum h]ocking‘rate 2%.

Qimilarly 2s we did in the case of uniform tféffic
(chapter £), Figure 7.27 represenﬁs the specf;al efficieﬁcy
of Byhrid Systéﬁs with réspect to the Fixed Systems in the
central cell. From this figure, we conelude that 16.4% is
the averare sbpctrgT efficieacy of hybrid systems in

comparison with the fixed systems simulated.



MINIMUM NUMBER OF CHANNELS IN CENTRAL CELL C1.

Spectrum

The traffic in central cell is 20X
: aaving.\

higher than that in each cell Cj.

Hybrid

10:0

} | I |- ! | | £ ] | l L i L { } ] ]

5 7 9 11 13 15 .17 19 21 23 25 27 29 31 33 35 37 39

Fig. 7.21 — Optimum Hybrid Systems with respect to the number Traffic [Erlang]

of Frequenciles required in comparison with the
Fixed Systems.
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% SPECTRUM EFFICIENCY OF HYBRID SYSTEMS

WITH RESPECT TO THE FIXED SYSTEMS

‘IN CENTRAL CELL Cl.

A
-
' The traffic in central cell is 202
higher than that in.each cell Cye
Nl ' '
301
20 020
16.4% Spectrum
efficiency T
()
10 |-
\ /_.__//'
'
1 1 1 — é) | 1 | 4 | 1 1 | 1 A ] 1 { -
o 2 4 6 8 10 12 14 16 18 20 22- 24 26 28 30 32 34
Fig. 7.22 — Spectrum efficlency of Hybrid Systems with Traffic[ﬁrlgng]

respect to the Fixed Systems in central cell.
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7.8.2 Spectral efficiency: Hybrid Xé Fixed in each cell Cj.

Figures 7.23 to 7.26 repre§eﬁt the blogkinn g}obability
for- hybrid svstems in the surrounding célls (#2 through #20)
with different divisions.. The X-axis represehts the traffic
in-Frlangs. Same as in central cellj’tﬁe.resu1ts ohtaiﬁed,‘
wifh 2% maximum hlocking rate and same offered traffic, are

compared with the Fixed Svstems as shown in Figure 7.27.

Ficuré 7.27 represents a- comparison hetween the optimum
hybrid éystems and the fikgdl systems in théj,surréunding
cells. The traffic in each Cj is 20% lesser than that in
c1. For.example,‘;;tﬁ the same traffic” (10 Erlangs) and 2%
maximum Ph, th; 11:4 hybrid system has a performance
comparable to the 18:0 fixed system - a net saving of 3
channels in each cell Cj. The totallséving in the systgm

area is 9 channels (i.e. that of N1, N2 and M3).

Figure 7.2% gives the averare spectral efficiency of the
hvhrid svstems 1in each «cell £j as compared to the fixed
systems. We notice, that H.5% is the total average of this

spectral efFiciencyfuu

7.8.3 Tnternretation

Two assumptions were aiven with non-uniform traffic:

fal
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1. sAame percnﬁtage of .fixed channels in each cell,
and
2. the traffic in the central cell was 20% greater

than that in each“celi Ci.

The results obhtained were:

1.  The averare spectral. efficiency, in the central
cell of hybrid systems as compared to the fixed

systems is found to bhe 16,49,

2, the averame spectral efficiency of hybrid systems
as compared to-the fixed systems in each of the

surroundineg cells was 6.69%. -

This approach would' indicate that, the spectral
efficiency in the central cell is the highest as compared to

the spectral efficiency in other cells.



% AVERAGE BLOCKING FOR 19 MIDDLE CELLS. '

& v
6 F Y
) a . - The Trdffic in each of
SJ e . ‘ Cj iSIZOZrlggéer than
. that in Cl. o
©
| .
4 b
3 v LS
3:5
- fa——
l ?> 2% maximum P .
2 b
1 B~
!
l ! 1 | 5
5 7. 9 11 13 15 17 19 21

i

Fig. 7.23 — Blocking Probability for Hybrid Systems with

Traffic[?rlané]
10, 15, 18, 21 and 25 channels per each cell Cj' : '
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- The traffic in each of
C, is 20% lesser tfﬁm

k|
ﬁ') \fhat in Cl.
5 .
[] A L
v
=
K|
|
3]
. 3
rlg &
a2
a .
-
-2
(=y)
=~y
o
o
[+
o
-4 2% maximum P. .
8 2 b
|
M
(=3
3
=
=
e

e - ¥ ; . ' »
5 7 9 11 13 15 17 19 21

Fig. 7.24 — Blocking Probability for Hybrid Systems with - Traffie Elrlang]_
10, 15, 18, 21 and 25 channels per each cell Cj'

a
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% AVERAGE BLOCKING FOR 19 MIDDLE CELLS.

- The traffic in each of

Cj is 20% lesser than

that in Cl.

2% maximum Pb;

b |

16 18 20 22 24 26

Fig. 7.25 — Blocking Probability for Hybrid Systems with
28, 32 and 35 channels per each cell Cj'
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% AVERAGE BLOCKING FOR 19 MIDDLE CELLS.

- The traffic in each of
Cj'is 20X lesser than

7—-
that in Cl.
/'\
§‘-—
~3 T

25:10
A

3L
2% maximum Pb.
2 .
1k
Q) ! 3 i | i ] l -
28 30 32

16 18 20 22 24 © 26

Fig. 7.26 — Blocking Probability for Hybrid Systems with
28, 32 and 35 channels per each cell Cj'
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of Frequencles required in comparison with the Fixed
Systems in each cell Cj' '
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Spectrum
The traffic in each celi_of Cy BEViQE:
ig 20% lesser than that in Cl.
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Fig. 7.27 — Optimum Hybrid Systems with respect to the number Traffié [?rlané]



HYBRID SYSTEMS

WITH RESPECT TO THE FIXED SYSTEMS

SPECTRUM EFFICIENCY OF
IN EACH CELL C g

| The traffic in each cell‘of Cj‘ ; !

3 ‘ ' | | {g 20% lesser than that in Cl. ,
40

W
o
I

[ %]

(=]

1
AN

\ \

10 .
| ; ; " 6.5% Spectrum

Lfficiency.

0 ] I.Glcg@@]-]

0 2 4 6 8 10 12 14 16 18 20 22 24 26 2B 30 32 34

o~ I ! i L I 1 {

PR,
-

Eig.”7;28-— Spectrum efficiency of Hybrid Systems with ' TrafficLFrlan%j
" respect to the Fixed Systems in each cell Cj' ‘
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7.0 SPECTRAL EFFICIENCY: HYBRID:V.S

FIXED, WITH 40% -AND

FACH CJ RESPECTIVELY.

TABLE 7.1
Mumher of Mumber of ﬁ of channgls .ﬁumber of % of
channels channels in C1 channels éhannels
in se}yice in C1 in each in each
area ' cell Cj cell Cj.
30 ,  12 © o a 30%
s 1o 421, RES 299
Y T oY 15 309 -
63 5 30.7% - 19 30.3%
75 TS ' 3R.6% 23 30.7%
/i . 3n ho,u47% ?5 29 .89
96 38 39.6% 29 | 30.28

Same numher of channels in the service area, as shown in

table 7.3, are also indicated in table 7.4. 1In this table

the second and third columns represent the number . and

percentage {(UN0%) of fixed.channels in the central cell. The

remaining columns renresent the number and percentape (30%)

of channels in eacﬁ of the surrounding cells. The traffic
in C1 is also assumed to he ?0% hipher than fthat in each
cell Cj.
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7.0.1 Spectral efficiency: Hybrid vs Fixed in central cell.

Fipures 7.29 and T7.30 représent the hlocking probability
. in C1 for different hybrid systems simulated. - The .result
ohtained is with respecﬁ to the maximum traffic required and

A prade of service 2%. C i

Fithe 7.31 reoresents the blocking probhability for Fixed
systems in central cell. LO% of fixed channels are assigned

\

in 01,

The results obtained fromjthe three Fipures described in
the abhove séction, with 2% .maximum blocking rate, are
compared as shown in. Firpure 7.32. .This fipgure represeﬁts a
Qoﬁparison hetween the optimum hybrid and fixed systems in
thé centra‘kce]] with « respect to the minimum number _of
_ frequencies required. For example, with a maximum traffic
of R Fflangs, the 0:2 system . has 3 pérformance (at 2%
maximum Ph and same traffic handling capacity) comparable to
the 10:0 fixed system aﬁd the net saving is 7 channels in
central cell. This indicates that the hybfid systems.are
senerally more spectrum efficient than the-fixed systems for

-

the same offered load and blockinp rate.

Figure 7.33 ' shows the percentape spectrum "efficiency of
the hybhrid systems with respect to the fixed systems in the

central cell. This percentapge is £.6% on the averape.

-
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“ BLOCKING'PROBABIfITY IN CENTRAL CELL Cl.

11

"The traffic in cl 1is

20% higher than that
in each cell of Cj.

101

O W
&~ o

2% maximum Pb

Fig.

| ! i

7.30 — Blocking Probability for Hybrid Systems with

Y

22 24 26 28 30 - 32
Traffic [Fflané]

12, 19, 22, 25, 29, 34 and 38 channels in central
cell Cl. 40% of .Fixed Channels in central cell.
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MINIMUM NUMBER OF CHANNELS IN CENTRAL CELL CL.

38

34

32

30
28
26
24
22

20

16
14
12

10

The traffic in Cl is 20%
higher than that in each

cell of C,.
. \j

12:0

<+ ™M
[sa o]

N I T T T R S B

[ N B

o

6 8§ 10 12 14 16 18 20 22

Fig. 7.32 — Optimum Hybrid Systems with respect to the

number of Frequencies required in comparison
with the Fixed Systems in central cell .
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% SPECTRUM EFFICIENCY OF HYBRID SYSTEMS
WITH RESPECT TO THE FIXED SYSTEMS

IN CENTRAL CELL.

]
1
40 |- - 1o
The traffic in Cl is 20Z i
higher than that in each i
cell of Cy- i
~ |
; ) &
Q: = |
Fl .
30 [ ‘ -
1\:
20 |~
©
10 '
6.6% spectrum
efficiency
-0 O-O0-0—0C : : D O] o0
| | I | | I | | | 1 | | I | | I

o
e

0 2 4 6 s 10 12 14 16 18 - 20 22 . 24 26 28 30 32
' T
Fig. 7.33 — Spectrum efficiency of Hybrid Systems with raffic [Erlané]
respect to the Fixed Systems in central cell.
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77,07 © Spectral efficiehcy: Hybrid‘zg Fixed'ig_éach cell®Cj.

rfiﬁures 7.3% and 7.35 represent the  average percentage
hlocking in 1@ middle cells for hybrid systems with 9, 13;
]6; 19, 23, 2R‘and 20 channel% in each cell Cj; Same as in
gentra1 qe11,‘the resq1ps thained are compared\ to"the-
results obtained from .éigufe'?.%é with“2% ﬁaximuﬁ blocking

rate. This Figure represents the percentare ‘plocking for

Fixed Systems in the 19 middle cells.

The céﬁpared results between Fixed and Hyhrid systems are
shnown in Fignre‘7.?7. This figure represehts the minimlm
number of ChEnneWg in each ceil Cj with the .increase of
traffic in Frlangs. For example, with a maximum traffic of
Q2 ®rilanrs,: tHe g:4 system hés A performance  comparable to
the 16:0 fixed system - a net savine of 3 (18.75% spectrum

-

efficiency)} channels bnr‘channel set fi.e. N2 and N3).

The total saving in the system area is 13 channels (i.e.

that of N1, N2 and N3). e

Tigure 7.38 represents the percentarge spectral efficiency
in each cell Cj for Hybrid Systems as comﬁared to Fixed

Systems. The average spectrum efficiency obtained is 14.2%.



T.Q.R.i Interpretation

Two assumptions were made:

—

central cell ‘and its surroundings, respectively.

1. 0% and 30% of Fixed channels, are assigned to\E?éJ?

\

-

2. The traffic, in the central cell was P0%- higher

5thaﬁ that in each cell CJ3.

The results obtained were:

by

1. the saving in frequencies in the central cell, for

hybrid systems - as compared to fixed sy§tems;‘was

Is

~

on the averare F.6%; and

5 the . saving in frequencies® in other cells, for
: ‘ . . s p

- : : N . . S S0
ﬁhybrid systems as compared to fixed systems, was. 7

on the averare 1H.?%f

From the two ‘resulfs. obtained. above, we can observe ‘a

reneral pattefﬁ vfor'tHéaSpectrum efficiency of the. hybrid

\

3

qutemq as compared tO' the flxed hystems ' We have féund

thaf the specfra] eff1c1encv is decreased from 16 u% to
in the central cell. 1Thls decrease is expected ‘as
percentage of fixed  channels is heing increased in

central cell from 33.3% to #0%. . - ' g
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The_énectral efficienéy-of hybrid systemsﬁég'cdmpéred to-
-the fixed systems is increased from 6:5%” to 14.2% in the
surroundine cells, This increase ié_‘expectéh as .-the

percentame of fixed channels is being dropped down from-

.33.3% to 20% in ‘each cell Cj. L
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" o AVERAGE BLOCKING :FOR 19 MIDDLE CELLS.

e

11t

101 .

- 30% of Fixed
channels are
assigned in each

cell C..
i

- The traffic in
each cell of Cy
20% lesser than
that in Cl.

is

2% maximum Pb'

1 F
/-
] A

] ] !

5 6 8 10 - 12 14 16 18 20 22 24

Fig. 7.34 — Blocking Probability for Hybrid Systems with _-

9, 13, 16, 19, 23, 25 and 29 chanpels in each
cell Cj. ! ! .
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% -AVERAGE BLOCKING FOR 19 MIDDLE CELLS.

* | The traffic in each cell of Cy
) is 20% lesser than that in Cl.

_2% maximum'Pb

y

1 1 ! -

19 21 23 25
Traffic[?rlangj

4

Fig. 7.35 — Blocking Probability for Hybrid Systems with
9, 13, 16, 19, 25 and 29 channels in each

11 C,.
ce j
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[N

MINIMUM NUMBER OF CHANNELS IN EACH CELL Cj.

R

number of Frequencies required in comparison
with the Fixed Systems in each cell Cj.
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ca0 b7
' '™ .
38 Lt The traffic in each cell Cj is8 204 -
v . lesser than that'}n céntr%} ceLL_Cl.
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34 . ]
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Fig. 7.37 - Uptimum lybrid Systems with respect to the
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SPECTRUM EFFICIENCY OF HYBRID SYSTEMS

4

1

WITH RESPECT TO THE FIXED SYSTEMS
IN.EACH CELL Cj.‘

Fom' ':
\
A0 1 ‘ . . - : ' i
The traffic in each cell C4-is 20% - T w ~
| 1esser than Ehgt in central cell Cl; ' ' :
30 -
S
ML“\.‘“\
N,
\:'--..f
20 — - 7\
14.2% Spectrum efficiepcy..
_@-“ f““'“'“' o
10 |—
g - : g
l | | I £ 1 I 1 l -

0 2 4 6 g 10 12 14 16 18 20 22 24 26 28 30

Traffi Erl
Fig. 7.38 — Spectrum efficiency of Hybrid Systems with € [;r‘ané]

respect* to the Fixed Systems in each cell Cj'
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AAChaptér VIIT

CONCILURTONE

Tn the simu1atidn reéu1ts dhtainpd, -bf the cellula{
systeﬁ‘émb1ov1ng the Hyhfﬁd Chann¢1 Aséignﬁent Schemerwitﬁ
rr1an§;R ZSPrvicel discinline, some. 0h§erﬁa£ions" and‘
conc1u$ions can he made. The principal hesult. is.that.thé

' . . >
Hybhrid-Channel Assienment . does nrovide an effective way of

increasing ?raFFic handling capacity in systems that are
_liﬁited in fhe spectrum availahilitv.- -

Tn chaptef 6 we presented simulétioﬁ results of a
cellutar land-mobile radio communications system and the
traFf{c was uniformly distrihuted over_the.céllsi . Qe have
found that the hybrid system (70% fixed, 20% d&hamic) was
very close ﬁo the hest.hyhrid scheme in.-terms of maximum
traffic carried aﬁd 2% grade of service. ..The saving in
frequencies, w%en using the. hybrid _chanﬁel assignment

scheme, was on the averarge 159 as compared to the fixed

channel assignment scheme. \

Chapter 7 reported the simuiation results of /the cellular
" system wusine . the hybrid channel assighment scheme with

L9
Frlang-R service and non-uniform traffic. In this case:
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i) Wg first considered the same number of channels'to the

"central cell and othefs.

The results ohtéined (Finures 7.1 throurh T7.4)
showed that if the traffic in the central cell Cf
 was 209 éreéter than that in each ceil Cj, the
systems  with mostly dynamic channels in c1  and
mostly fixed channels 1in Cj gave the lowest
-probhbi]iﬁy of Wlocking in the respective cells
Fqﬁ‘,t}affiq up  to about 25% ahove base 1bads.
ﬂeﬁond that amount of traffic, the system with
mostly fixed channels performed best, both. in C1.

.and. all Cj.

For this 20% difference of traffic between C1
and Ci  we determined the spectral efficiency of
“the thybrid systems with respect to the fixed

svstems in C1 and each Cji.

ii) Mext the traffic was assumed fixed in each <c¢ell CJ and

was suhstantially inecreased in the central cell C1.

The simulated results indicated that the -hybrid
svstem with the most dynamic channels outperfofms
the others even at the highest traffic (>10h%

above a riven hase load). {;

ijii) Mext the fraffic in €1 was assumed ¥% higher than that

- 1h& _ !



in each cell Cj and was increased hy a constant ratio in

each cell.

The Fo1lo§inq results were ohtained:

{

* Systems with fixed channels only rave the best
performance indices . under high offered traffic
(5709 on the average above a given base load). In

"':f,

- this case the traffic was increased by a constant

ratio within all cells.

iv) Syétems with the most dvnamic channels perfbrmed the
hest up to about a 120% increase of traffic in C1 with the
traffic in the surrounding cells fixed, under consideration

of different numhér of channels in the system area.

v) Two cases were then considered, where the total number of
" channels in the simulated area was fixed. The traffic in
the central cell was assumed 20% greater than that in each

cell Cj for both cases.

Jﬂ 33.3%  of the available ohannels in the system,

were allocated to each cell.

s

2. un% and 30% of the fixed channels, in the service
area, were assigned to the central cell-C1 and

each cell CY, respectivelv. N

The following results were found:

-7 -
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1

1. The :Fwo' Channel Assipnment - Schemes, Fixed and
Hybrid, were compared in C1 Eqd in each cell Cj;
We have determined the wminimum number of channels
needed in each cell Cj and in éhe central cell c1,
in order to carry a piven traffic. and still

maintain & maximum rejection rate of 2%.

2. The spectral efficiency of the Hybrid fSystéms‘as
combared the Fixed Syétéms was obtained. The
averarne qa&&ng ih frequencies varied from 16.4% to
6.6%, in gﬁ; central cell, as the number of fixed
channels there increased_from 33.3% to U0%. The
averare saving in freaquencies in Cj varied from
£.5% to 14.2% as the numher of channels, 1in ﬁj,

was reduced from 33.3% to 30%,

The ahove results, for both uniform and non-uniform
traffic in cellular land-mobile systems, show the
superiority, in "meneral, of the Hybrid Channel Assignment
Scheme 1in terms of both traffic carried "and sﬁectral
efficiency, as compared to .the Fixed Scheme. The Hybrid
SchemeiPou1d he used as an alternative to the '"cell-
anittiﬁq" option in areas of significant traffic increase,
such aé ﬁhe center of a c¢ity. This Schéme‘however requires
a comﬁuter at the MT30, which.implies higher costs than in
the casé of Fixed Channel Assignmentsf A cost analysis

08
should he carried to determine the hest tradagffs.
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Appendix A

e ————————

4.1 FAST RAYLEIGR FADING [4,5,8]

The radio transmission path characteristics between the

mohile and hase station change continuously as the mobile

moves. Multiple reflections of waves transmitted from a
single source ‘may interfere destructively to wvarying
desrees. This fading (inter ference) causes the received
. - L .

signal power r to vary as the vehicles moves a few signal
wavelengths in accordance with the Rayleigh distribution p{a)
. ‘ T

as follows T81:

. Pr(u_‘) ='< ’ - a 2
LI
'(-'E—) e a
0

I
[o=]

A

the constant Yo specifies mean of the distribution; where

\\\ E==r0ljg— .

I

- k
r denotes the expected value of 1r .
i .

| < 150 - .




}\

A.?  LOG-NORMAL FADING | - -

- “
The actual value of the mean received power

!
.rr . \
s r\/-i- .

0

varies slowly with respect to the wavelength as the distance
hetween . the base station and mohile changes. This slow
variation 1is approximated bv a Log-Normal -distribution.

This 1 varies as R " where R is the distance between the

hase station aii/pﬁe mobile. The probability 'density P (a )

i

is
1 (a-a)?
P (a) ==+ exp | = === -
- - 2
\IZ"]TU 2o
¢ L _
the expected value (ug Y} of "s" is
R
o A - 10n-log,, (--I—{—-)

where constant A depends on terrain and environment, antenna
hWeights and gains, ‘and carrier frequency; Ro is a

normalizing factor (the radius of the cell).
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A.3 -DIVFRSITY CONSIPERATIONS

The objéctivé of diversity is to provide one path for

transmission of a radio’ signal between -mobile and _baSe

;tation. .Tn ‘the limit, .diqeréity'can ,virtually‘eliminate
the effects of bofh Rayleigh fading of ‘the desired signal
and the effect of fandom_FM and frequen¢y-selective fading,

~
'
-

The teghniaque which 1is most often used ~in mobile .

tg1ephqﬁe systems is space diversit? [%]; in whichidifferent

sites positions- creaté a multiplicity'_of base-to-mobile .

paths, and in which the c?itical parameter is the degree of

separation between paths]ﬁthat is 'neceéssary to achieve

independence. o
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Appendix B

CHAMNFL ASSIGNMENT STRATEGTES

The PolldWihg-channe1¢ assignment strateﬁies have heen

investiqéted [131:

~

. First Available ,

This sﬁrékegy assirens the first available radio
channel encéuntefed duriné a channel search; that
is a chaﬁnel is not being used in any cell which
is also a ﬁemher of the 1ICG for the parficular-
c911 in question. This stratenmy assiéns avaiiébie
:Ehaqnéls randomly and ﬁiniﬁiggs the ameunt of daté

processing necessary to set up a call.

»

2. Mean Square'stoi T R

The mean square assygﬂment stratesgy minimizes

L

- : ~ B

the quéntity : -
l 1. 2 ‘ . ‘ ~ Rl
Sl E Dj N DRS y ng ?. DR..

for the available channels. Channel "activity is

checked at cells 1in the interval (between DR.and



2Dr). Dj is Lthe disténée_'betwéen the  assigned
coverage - cell and the cell currently using .the
same channel within the'specified interval and A
i§ the number.of:cells using tﬁg channél Qithiﬁ
this interval. _I?'nzo fbr %ome channel, that i§,
if the channel ‘%§,not ih use in ‘any cell between -
Dr. @nd  2Dr, then the finst such channel

. LI
encountered is assigned to serve the call.

Nearééf'ﬂeighbor (NN)

Thisﬁ strategy‘ chooses for assignment that
channél which is. 'in-use' at a cell nearest to the
assigned covefagé‘cell, but sti11 at least a reuse
interﬁéi,'Dr, away. By doing so.the“ distance D,

over ‘the available channels,between the first cell

using that channel and the assigned coverage cell

N ) e )
is‘'minimized. If more " than one channel has the~ ‘ -
same minimum D then the first channel search will

be assigned to the cell in question.

Nearest Neighbour + K (NN + K)

Borrow a bhannelﬂusing the same criterion as in
(3) abbve, gicept lpsing the minimum distance
(D+K),‘whef€ K=1,2,3... . This strategy tends to
éllow‘more -callé to keep thei; assigned chénnels

upon cell boundaries crossings. If no such

channel exists at the time of borrowing, the

- 154 - &+



channel with ~ D=Dr. will' be assigned to the

borrowing cell.

‘Maximum Usage

Borrow a-ghannel that is being used most at a
distance Dr cell., radii away from the- assigned
cell. That is, a channel, which 1s currently in
uée in moét celiS"just outsidel the interference
cell grodp houndary of the cgll in'ﬁuestiod is
chosen. If khere.gs'more than one such candidate

tjggfirst channeél encountered will be "assigned to

the borrowing cell.
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Appendix C

GPS3S PROGRAM

TABLE OF DEFTMITIONS

Time unit = 1 msec.

POTSSON/FXPONENTTAL PISTRIBUTION
The arrival rétes of phone-calls to the cells was assumed
to he 'poisson.'Consequently, intérarrival-time was assumed

to he exponential, with a known mean. The poisson arrival

rate can be shown .to be given by the expression

P(t): ——————————— , k=Q,l,2,....

P (t) is the probability that exactly K arrivals will oceur

in the time interval duration 't', “and (% ) is:- the mean

arrival rate of phone calls per unit time, THerefoneﬁ th€

evaluation of 't' involves rpetting first a random. number

(RN{) and then evaluating =-log (1 - RNj). The j on RNj is

used to represent any ‘one of the & available random number

penerators in GPSS/360.
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RXPON FUNCTION: . RNA,C2H
. . - . .‘ 0
Tt is defined as C24, continues with 24 points, which

corresponds to _lom 1 - RN3).

,n/n}1,n.1ou/o 0. 222/0.3,0. 355/0. u/n 500/0.5,0.69/ .
0.6,0.015/0.7,1.2/0. 75,1:38/0.8,1.6/0.84,1.83/0. 88,2.12/
0.97,2.370. q9 2. 52/0.94,2.81/0,95,2.99/0.96, 3.2/0. 97 3.5/

ﬂ.98,3.Q/n.QQ,l.ﬁ/O.QQS,5.3/0.998,6.2/0.999,7.0/0.99974R.0

—
w . 8 .
w *
oo
8w
o0 7 L
Qg
¥ o
l-‘-l;:: -
c — H
o o 6
to .o
5.5
B2
(]
L =1
—~ Q
o~
< T B
3
0 a
g
UK
a o
g "
-
=z oA
Fe ]
-3
(=%
s
o
=

Input: a Random Number Between 0 and 1
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MATRICES

-

-
1Y

‘The two control matrices for GPSS program are MH1 and

MH?; : ’ o

1. MH1 is used to keep track on the availability of
the fixed channels ‘in all cells related to the’
. service. area.. MH1 has dimensions N0xXH2. The

“number of rows corresponds to the number of cells

-

in the system.In our case the number of rows 1is

o,

2. MH2 is used ko recorﬁ"the disfrihution of dvynamic
channel throughbut th; system. MH2 has dimensibns'
o x XH3.
ﬁntries in.bofh matrices change_{n a dynamic fashion as the
simulation nroaresses. We specify "x" as row number (cell
number) and"y" the coluﬁn, number. Therefore, any bositions
(x,y; in MH1: can assume the 1oéica1 values "0O" and "%
indicating the availability or nonavailability respectively
of Fixed Channels "y" in cell "x". same with Matrix MH2,"
any position (x,y) in MH2 can only assume the values "0O" and

"i" indicating the non-use or use of dynamic channels "y" in

cell "x".

If "y1" Fixed Channels assigned to row #1 (cell #1) and

ny2t Fiyxed Channels assigned to each of the remaining rows
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in MR+ Then wé would eive ‘to MH1 the value of "y1" if (y1 >

, vy, that is
e s b :

Tnitial  XH3,# of fixed channels/cell (voice) -
N Tnitial XH3,# of dynamic channels in system’

Tnitial XHU, # of fixed chahnels/cellﬂg (voice)

Matrix H,40,# of columns = maximum number of fixed .
- channels
Matrix M OUO #f of columns = number of dynamic channels in.-

.system area.
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38
39
40

Channel # —1

Cell

39
40

Channel #—»1

“Xh4

— - |
R—— G
0 O=mmmman 0
o\
I\
P\
| \
> FIXED. 1\
|+
4k \
| ‘o
\ A\
| \r
I \
0 00-——-0
2 3456 7 89 10 1 XH2
\/
XH2
H
DYNAMIC.
2 03 4 5 6 7 8 9 10uieeeirrueeeesnens XH3
1 : N
N .
XH3
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Entrys to the Matrix
would be 1 or zero;

.a zero would indicate
the channel is idle,

a 1 would indicate
the channel is busy.

) -+— would indicate:

XHAS XH2

A ™" in position
(x,y) would indicate
that channel y is
currently being used
in cell x



PARAMETER OF FACH TRANSACTION

P1

P3

' p3

PR

P7

pQ

STORAGES

1-U40

I

TARLFS

JOHNA

contains the cell number (source) of each

cell. ' .

number of fixed channels - per cell 1if call

served by fixed channel! assignment.

number of dynamic channels in system; if

call served by dynamic channel assignment.

indicates whether a call 1is currently using

a f%xed or a dynamic channel assignment.

Tf call was not assigned P7=0

If call was assigned P7=1

Parameter used in channel reassignment.

Storames 1 through 40 are assigned a

capacitv of &0 caiLs.

Fntire system statistics.

Tabulates the <c¢alls that have been served

immediately upon arrival.



FATLA

¥ ARLA

VARTARLES

0

1-40

n1=80

R1
RD

R3

]y

,Tahulatéﬁ the calls ‘that have been denied of

service (RCC)

Tabulate the calls that have been servéd by

dvnamic channels (assignment/reassignment)

Variable nmin pivés the cochannel

interference criterion whether or. not a

given dynamic channels may be used in ' a

given cell,

Same as ahove,thev are the combinations of

the expressions for variables 1 to 4o.
The maximum simulation time.
The mean ¢all holdine time. -

The mean calkfihﬁerarrival—time for central

cell

The mean call-interarrival-time _ for the

surrounding cells (#2 through {#40).

BOOLFAN, VARTARLES

;,/-)

Controls the simulation run.
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15,
16
17.
R,
19,
20,
21.
22.
P3.
2,
L
Ph,
7.
o8,
20,
30,
31,
22.
33, 7
30,
25,
A,
37.
3R,
20,
no .
nt,
np.
43,
1,
s
ué .
uT7.
s,
g,
50.
51,

52

53.
5L,
55.
54.
57.
58,
50,
60,
61,
2.
f3.
L,
65.

rT.
6R,
69,
70.

//GPRS,SYRIN PD ¥ ‘ ‘ ’ -

CREATE _ _ s . .
REALLOCATF RLO,500 ,BYR,2,CHA,1,COM, 110000 FMS, 1
REALLOCATE FSV,1,FUN,2,GRP,41,HMS,7,HSV,10,L0G, 1
REALLOCATE QUF,U2,STO,42,TABR,5,VAR,B7,XAC, 1500

SIMULATE . 16
* : ’

*

FTNITIALIZATION

¥H>, R # OF FIXED CHANMELS/CELL (VOICE)

TNTTIAL _

TNITIAL XHR,6 # OF DYNAMIC CHANNELS IN SYSTEM

THNTTIAL XHL R # OF FIXED CHANMELS/CELL1 (VOICE)
1 MATRT X M, 40,8 . # QF/COLUMNS = MAX NUM OF FIXD CHAS
> MATRIX H,U40,6 # NF COLUMNS = XH3

*

*

: STORAGF S1-840,50

SYSTM EQU L1,8 CAPACITY OF 50 CALLS. STORAGE

SYSTM STORAGF "SYSTMM HAS UNLIMITED CAPACITY.

3

*TARLE NREFINITTON

* . .

JOHUNA TARLF “P1,1,1,41 MJOHNA/FAILA™ TABULATE THE NUMBER OF
FATLA TARLF P1,1,1,41 CALLS WHICH ORTAIN THE VOICE CHANNEL
DANI  TARLE P1,1,1,41 TABLE OF CHANNELS REASSIGNMENT

KARLA TABLE P1,1,1,41 TARLFE OF CALLS WHICH ORTAIN DYN CHANS
¥

*FINCTTON DEFINTTION(S)

EXPON FHUNCTION  RNU,CPH EXPONENTIAL DISTRIBUTION FON
0,0/.1,.10M/w2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2/.75,1.38
.8,1.6/.8”,1.8?/.88,2.12/.9,?.3/.92,2.52/.9u,2.81/.95,2.99/.96,3.2

¥QTORAGF AND OUFUE DEFINITION

STORAGES 1 THRU 40 ARE ASSIGNED A

.QT,?.S/.QR,?.Q/.QQ,U.6/.999,5.?/.998,6.2/.999,?/.9998,8
¥

*JARTABLE NEFINITION

*

1 VARTARLF  MHP(1,P3)+MH2(2,P3)}+MH2(3,P3)+MH2(4,P3)+Vh1

2 " VARTARLF MH2(2,P3)+MH2(9,P3)+MH2(10,P3)+MH2(3,P3)+VH2

3 VARTARLFE MH2(3,P3)+MH2(10,P3)+MH2(11,P3)+MH2(12,P3)+VH3
i VARTARLF = MH2(L,P3)+MH2(3,P3)+MH2(12,P3)+MH2(13,P3)+VlL

5 VARTABLE  MH2(5,P3)+MH2(1,P3)}+MH2( 4 ,P3)+MH2(14,P3)+Vi5

A VARTARLF ﬁH?(ﬁ,P3)+MH2(7wP3)+MH2(1,P3)+MH2(5,P3)+VH6

7 VARTARLFE MH2(7,P3)+MH2(8,P3)+MH2(2,P3)+MH2(1,P3)+VUT

2 VARIARLE MH2 (8, P3)+MH2(21,P3)+MH2(9,P3)+MH2(2,P3)+V4B

a VART ABRLE MH2 (0 P3)+ME2(22,P3)+MH2(23,P3)+MH2(10,P3)+V49
10 VARTARLF  MHP(10,P3)+MH2(23,P3)+MH2(2U,P3)+MH2(11,P3)+V50
11 VART ARLE MH2(11,P3)+MH2( 24, P3)+MH2(25,P3)+MH2(26,P3)+V51
12 VARTARLF MH2(12,P3)+MH2(11,P3)+MH2(26,P3)+MH2(27,P3)+V52
13 VARTARLF  “MH2(13,P3)+MH2(12,P3)+MH2(27,P3)+MH2(28,P3)+V53
1 VARTARLFE MH2 (14, P3)+MH2(4,P3)+MH2(13,P3)+MH2(29,P3)+V5H
15 VARIABLF MH2(15,P3)+MH2(5,P3)+MH2(14,P3)+MH2(30,P3)+V55
1A VARTARLE  MH2(16,P3)+MH2(6,P3)+MH2(5,P3)+MH2(15,P3)+V56
17 VARIARLE  MH2(17,P3)+MH2(18,P3)+MH2(6,P3)+MH2(16,P3)+V5T
1R VARIARLE MH2(48,P3)+MH2(19,P3)+MH2(7,P3)+MH2(6,P3)+V58
19 VARTARLE  MH2(19,P3)+MH2(20,P3)+MH2(8,P3)+MH2(T7,P3)+V59
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71,
T2.
- 73,
7h,
75,
76.
77.
T8.
79.
80.
21,
82.
3.
an,
85,
6.
R7,
RR,
R,
a0,
91.
97,
93.
al,
a5,
96.
97.
9%,
aa,
100,

101.

102,

103

104,
105.
10h,
107.
108 .-
109,
110,
111,
112,
11R%.
114,
115.
116,
117.
118,
119,
120,
121,

1227

123,
124,
125,

20
21
22
23
24
25
26

- 27
o]
20

30
31
32
23
34
35
36
27
38

hn
"
up

n
hl

TR

us
uh
b7
48
Lg
50
81
52
53

- 54

55
56
57
58
59
60
A1
£2

A3
AL

65
AH
67

AR

AQ
70
71
72
73
T

VARIARLF
VARTABLFE
VARIABLE
VARIARLF
VARTARLE
VARTABLE
VARTARLF
VARTARLE

. VARTARLE

VARTARLE
VARTARLE

VARTARLE-

VARIABLE
VARTARLE
VARTARLF
VARTARLE
VARTARLFE
VARIARLFE
VARTARLE
VARI ARLE
VARTARLE

VARTARLFE

VARTARLE
VARTARLE
VARTARLE
VARTARLF
VARTABLE
VARTARLE
VARTARLE
VARIABLE
VARTARLE

- VARTARLE

VARTARLE
VARTARLE

VARTARLE

VARTI ARLF
VARTARLE
VARTARLE
VARTABLFE
VARIARLE
VARTARLE
VARTARLE

VARTARLFE

VARTARLE
VARTARLF
VARTARLE
VARTARLE
VARTARLF
VARTARLFE
VARTARLE
VARTARLE
VARTARLE
VARIABRLE
VARTABLE
VARTABLE

MH2(20,P3)+MH2(30,P3)+MH2(21,P3)+MH2(8,P3)+V60
MH2(21,P3)Y+MH2(L40,P3)+MH2(22,P3)+MH2(9, P3)+V61
MH2(22,P3)+MH2(23,P3)+MH2(9, P3)+V62
MH2(23,P3)+MH2(24, P3)+MH2(]O P3)+V63
MH2(2H,P3)+MH2(25,P3)+MH2(11QP3)+V64
MH2(25,P3)+MH2(26,P3)+V65
MH2(26,P3)+MH2(27,P3)+MH2(12,P3)+V66
MM2(27,P3)+MH2(28 ,P3)+MH2(13,P3)+V6T
MH2(28,P3)+MH2(29,P3)+V68
MH2(29,P3)+MH2(30,P3)+MH2(14,P3)+V69
MH2(30,P2)+MH2(31,P3)+MH2(15,P3)+VT0
MH2(31,P3)+MH2(32,P3)+V71
MH2(32,P3)+MH2(33,P3)+MH2(16,P3)+VT2
MH2(33,P3)+MH2{34,P3)+MH2(17,P3)+VT3
MH2(34,P3)+MH2(35,P3)+VTU
MH2(35,P3)+MH2(36,P3)}+MH2(18,P3)+VT75
MH2(36,P3)+MR2(37,P3)+MH2(19,P3)+V76
MH2(37,P3)+MH2(38,P3)+MH2(20,P3)+V77
MH2(38,P3)+MH2(39,P3)+V78
MH2(39,P3)+MH2(H0,P3)+VT9
MH2(40,P3)+MH2(22,P3)+V80
MY2(5,P3)+MH2(6A,P3)+MH2(7,P3).
MH2(1,P3)Y+MH2(7,P3)+MH2(8,P3)
MH2(U4,P3)+MH2(1,P3)+MH2(2,P3)
MH2(14,P3)+MAR(5,P3)+MH2(1,P3)
MH2(15,P3)+MH2(16,P3)Y+MH2(6,P3)
MH2(16,P3)+MH2(17,P3)+MH2(18,P3)
MH2(6,P3)+MH2(18,P3)+MH2(19,P3)
MH2(7,P3Y+MH2{19,P3)+MH2(20,P3)
MH2(2,P3)+MH2(8,P3)+MH2(21,P3)

CMH2(3,P3)+MH2(2,P3)+MH2(9,P3)

MH2 (12 ,P3)+MH2(3,P3 Y+MH2(10,P3)
MH2(13,P3)+MH2(4,P3)+MH2(3,P3)
MH2(29,P3)+MH2(14,P3)+MH2(4,P3)
MH2(30,P3)+MH2(15,P3)Y+MH2(5,P3)
MH? (31,P3)+MH2(32,P3)+MH2(16,P3)
MH2(3?7,P3)+MH2(33,P3)+MH2(17,P3)
MH2(33,P3)+MH2(34,P3)+MH2(35,P3)
MH2(17,P3)}+MH?(35,P3)+MH2(36,P3)
MH2(18,P3)}+MH2(36,P3)+MH2(37,P3)
MH2(19,P3)+MH2(37,P3)+MH2(38,P3)
MH2(8, P3)+MH?(2O P3)+MH?(39 P3)
MH?(21 P3)+MH?(un P3)

MH2(9, P?)+MHP(22 P3)
Mg9(10,p3)+M52(23,93)
MH2(11,P3)+MH2(24,P3)
MH2(11,P3)+MH2(25,P3)

" OMH2(12,P3)Y+MH2(26,P3)

MH2(13,P3)+MH2(27,P3)
MH2(13,P3)+MH2(2R,P3)
MH2(14,P3)+MH2(29,P3)
MH2(15,P3)+MH2(30,P3)
MH2(15,P3)+MH2(31,P3)
MH2 (16,P3)+MH2(37,P3)

MH2(17,P3)+MH2(33,P3)
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126, 75 VARTARLE  MH2(17,P3)+MH2(34,P3)
127. 76 . VARTABRLE  MH2(18,P3)+MH2(35,P3) .
128, 77 . VARTARLE  MH2(19, P3)+MH2(36,P3) :
120, .78 VARTARLE ~ MH2(20,P3)+MH2(37,P3) -
130, . 70 VARIABLE ~ MH2(21, P3)+MH2(20,P3)
131.° - R0 VARTABLE -~ MH2(21,P3)+MH2(39,P3)
132, . A VARTABLE qonoooo MAXIMUM SIMULATION TIME
133. R2  VARTARLE 120000 MEAN CALL HOLDING TIME
134, R3. VARTARLE 24000 ° MEAN INTERARRIVAL TIME OF CALLS
135. - . B84 VARIABLE 24000 MEAN INTERARRIVAL TIME OF CALLS
13h, 1. GUARTARLE C1.- LE'VR1*NSCALLS'LE'130000 =
137. * | ‘
138, *CALL GENERATION . S
139. ¥
140, GFL1 GFNERATE  V83,FN&EXPON,,,;10,F
141, ASSTIGN 1,1
12, TRAMSFER , JIMS
143, CFL? GFNFRATE V&L FNSEXPON,,,,10,F
1un, ASSTGN 1,7 =
145, TRANSFER , JIMS
U6, CEL3 GFNERATE  VBU FNSEXPON,,,,10,F
147, ASSIGN 1,3 ?
148, TRANSFER ,JIMS o
140, CFLU GFNFRATE V&N FNSEYPOM,,,,10,F
150. ASSIGN . 1,M , <
151, o TRANSFER ,JIMS
152, CEL5 GENERATE VRY FNSEYPON,,,,10,F
1R3. : ASSTAM 1,5 o
154, TRAMSFER JIMS %gﬁ
155. CFILA GEMERATF V84 FN$EXPON,,,,10,F
15h. ASSIGN 1,h :
157. TRANSFER &IMS
158. (FL7 GFMERATF valy ,FNSEXPON,,,,10,F
159. ASSIGN 1,7 -
160. 4f_-'TRANSFER JIM%
161, CFLR GEMERATE vay FN$EXPOM,,,,10,F
1h2. ASSTIGN 1, 8
1A3. TRANSFER , JIMS N
1AM, CFLO GENERATE VA4 FNSEXPON,,,,10,F .
1R5. ASSIGN 1,9
166. TRANSFER ,JIMS
167 . CFL10 GENERATE yRU FNSEXPON,,,,10,F
168, ASSTIGN 1,10
19, _ TRANSFER ,JIMS
170. CFLi1 GFRNERATE VAL, FNSFXPON,,,,10,F
171, ASSTNAN 1,11
172. TRANSFER JIM%
173. CFL12 GENFERATFE -vﬂu FN%FXPON s 10, F
17T ASSTIGN 12 !
175. TRANSFER ,JIMS
176. CFL13 GENFRATE  V8U FNSEYPOMN,,,,10,F
177. -~ ASSIGN | 1,13 1
178. TRANSFER , JIMS
179. CFL14 GFNERATE VAU ,FMSEXPON,,,,10,F
180, ASSTGN . 1,14 .
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3181.-

182.

183.
184,

1R85,

186,
. 18T/

188.
184,

190,
191.

192,
193.
194,
195,
196.

197.

108,

199,
200,

201.

202,
203,

20l,
205,
- 206,

207.

208,
209.
210.
211,

212.

213,

214,
215,
216.

217.

218 .

219,

220.

221,

222.
223.
224,

225.
- 226,

227,
228 .
" 229,
230.
. 231.
232,
P33,
. 230,
225 .

CEL15

CEL16

TRANSFER -

GENERATE

ASSIGN
TRANSFER
GENERATE
ASSTGN

. TRANSFER

CEL17

CEL19
- CEL?0

. CEL21

CEL2Z2

CEL23

CEL24

CEL?5
CEL26

CEL27

GENERATE
ASSIGN .

' TRANSFER
CFL1& GENERATE

+ ASSIGH

TRANSFER
GFNERATE
ASSIGN
TRANSFER
.GENERATE
ASSIGN

TRANSFER

GENFRATE
ASSIGN
TRANSFER

GENERATF:

ASSIGN
TRANSFFR

Fl

GENERATE

ASSIGN

TRANSFER

GENERATE
ASSTGHN

TRANSFER®

GENERATFE
ASSTGM
TRANSFER

GENERATE

ASSTGN
TRANSFER
GENFRATF
ASSTGN

. . TRANSFER
CENL28

GENERATE

" ASSIGN

CEL29

CEL30

CFL31T

CEL32

TRAMSFER

GENERATE,

ASSIGN
TRANSFER

GENERATEF,

ASSIGN
TRANSFER
GENERATE
ASSTIGN

TRANSFER

GENERATE
ASSTGN i,
TRANSFER

»

LJIMS. -

VY FN$FXPON,,

T 15
JIMS :
VSN FN$FXPON
16
'JIMS .
VBH FN$FXPON

1, 17

JJIMS
1,18

'JIMS'

V&Y  FNSEXPON,

VAU, FNSEXPON

1,19

LJIMS

VRU ,FNSFEXPON,

1, PO
JIM% e

{‘vau,gm%sxpow

, 21

| WIMS :
VR4, FNSEXPON,

1,22
L JIMS

VRL FNSEXPON,

1,23 .
, JIMS ‘

y8u, FNSEXPON,

1 ?ﬂ
JIM%

1,25
JIM%

.VRM FNSEXPON,
T 26

L JIMS

1,27
, JIMS .

N%H,FN&FXPON,

V8L, FN$EXPON,

VRU , FNSEXPON,

1 28
,JTMS
V8Y  FNSEXPON,
1,29
L JIMS

-

-

-t

-

-

-

-

Y8, FNSEXPON, ,

1,30
,JIMS |

R

11

VAL, FNSEXPON, .,

1, ?1 :
JIM%

V8l FN%FXPON,,,

1 32
JIMS
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~ 4

236. CEL33 GENFRATF vau,FN$EkPoﬁ;,,,1o,F

237. - ASSIGN 1,33 .
P38, - TRANSFER  ,JIMS - : .
239. . CEL34 GENERATE VB FN$EXPON,,1,TO F
240, - ASSIGN 1 3u o
241, TRAMSFER - ,JIMS
U2, CFL35 GENFRATE  VRY4,FN$EXPON,,,,10,
. 2483, ASSIGN 1,35
a0y, TRANSFER  ,JIMS .
245, . _CFL36 GENERATE VR4 ,FN$EXPON,,,,10,F
2UG, : " ASSIGN 1,36 '
247, - TRANSFER  ,JIMS .
248, CFL37 GEMERATE VB4 ,FN$EXPOM,,,,10,F
240, ‘ ASSIGN © 1,37 )
250, " TRANSFER  ,JIMS
251. CFL3R -GENERATF VB4, FN&EXPON,,,,10,F .
252. ASSINN 1,38 ' '
253 - TRANSFER JIM% :
o5l CRL39 GEMERATE vau FN@FKPON,,,,10,F
255, © ASSIGM gq
256 . TRANSFER JIMS A
257.. CRLEN GFNERATE  VAY PN%FXPON,,,,10,F
258. - ASSIGN 1,40
259, . TRAMNSFER L JIMS - C
560. - JIMS .TEST F . *1;1,CELLI ' : -
261. . , ASSIGN 3, XHUY '
262. . TRANSFER  ,CALLS -
263, *.' . ' . -
2RY, © CRLLT. ASSIGN 3,XH2 : R .
2h5 . TRANSFER ,CALLS ' :
P66, CALLS FNTER - SYSTM ,
267. GATE LR 1 DYENOT
268, * , . \ N , O
269, *FTXED CHANNEL ASSTGNMENT - e
270. - * _ :
271. _ TEST NF XH2,0,DYNO1 :
272, " TEST NE . XHA4, 0,DYNOT -
273. -  FIXED TEST £ - MH1XR1,P3),0,SERCH
LPTh, _ " MSAVFEVALUR 1,P§§?3,1,H :
275. TABULATE  JOHN ‘ \
PTA. Ny ENTER P . _ -
277, * PRIORTTY 2 ‘ . : o
2TR. ‘ " ADVANCE Y82,FNSFEXPON '
279, TEST E G¥1,0,FREE
280, MSAVEVALUF 1,P1,P3,0,H
P81, . RESET LOGIC R ‘
282. . -, TRANSFER ! JEXIT
. 2R3, % . J
284, _¥SEARCH FOR A FIXED CHANMEL -
285, LA e '
286. SERCH LOOP © 3,FIXFD : Y
PRT. LOGIC S P1
2R8 . ‘ TRANSFER ,DYNO1 L '
. 280, - FATLA TARULATE  FAILA L
- 290, LEAVE SYSTM - - ;0
- o _ -
- 1§7 7 . : 4

& S



. 291, TERMINATE

292, ¥ :
203,  ¥DYNAMTC CHANNEL ASSIGNMENT
291, *
- 295, DYNO1 ASSIGN 3, YH3
206, - pyYmM2 TEST R - V¥1,0,L00K
297, . MSAVFVALUE 2,P1,P3,1,H
PoR, TARULATE  KARLA °
2QQ, ASSTGN A1
300, JOIN - P1
301, ENTER . Pl
302. PRIORITY 2
303. . ADVANCF VR2,FN&EXPON
204, TEST E P7,0,MORE
205, _ : REMNOVE Pi
306, MSAVEVALUF 2,P1,P3,0,H
307, - '~ TRANSFER ,FXIT
IR, * .
na, L.OOK  LOOP 3,DYN? a
310. TRANSFER ,FATLA '
311, © LEAVF SYSTM
312, . ' TERMTINATE
213. *o .
314, . MORE TEST F _G¥1,0,FRFE
315. ' MSAVEVALI® ™ 1,P1,P3,0,H |
216, "' LOGIC R P1
317. TRANSFER JEXTT
318, 0 *
310, *CHANNFL RFASSTIGNMENT
320, * .
321, FREF _SCAN P1,A,1,3,8,RESET
322, " ALTFR P1,1,7,1,3,P8
123, ALTER -+ P1,1,3,P3,3,P8.
324, MSAVFVALUE 2,P1,PR,0,H
325, - - REMOVE P1,1,,3,P3
326. TARIULATE  DANI
327. _TRANSFER ,FXIT
328, . o
320, _ *CALLS LFEAVF 'SYSTM -
330. *. - - ,~.-
331. FYIT LFAVFE P1 . .
232, . + 4+ LFAVF SYSTH
333, .- " TERMTNATE
'%3]_1. ¥ . P
335. *AUXTLIARY CLOCK
336, ¥ - .
337. GENFRATF 355000
33R. ' . TERT F - RV1,1,3TOP
30, : TERMINATE 1 '
340, STOP TERMINATE 24
341, START .. 1,NP
U2, X RESET Shi
U3, ~ START 25,,,
34k, . . FMD, .
345, /%

-,

-~ 168 -

S P S S P Ry
coriel 2 Rer



h,

REFERENCES

‘Rernard T, O'connor, "Developments in Mobile

Telephone Systems", Telecommunications. Vol. 15,
No. 2, February 1981, PP, 31-32.

James Martin, Systems Analysis for Data
Transmission, Prentice-Hall, Englewood Cliffs, New
Jersey, 1972, E

Martin Mesenbergs, "A Hybrid of Erlang B and C
Formulas and its Applications", IFEE Tran. on Comm,
Vol. COM, 27, No. 1, Januarv 1979, PP. 59—68.

William C.Jakes Jr, Microwave. Mobile Communications,
John Wiley & Sons, MNew York, 1074,

-

‘"Technical Report of the American Telegraph &

Telephone Companyv. on High Capacity Mobile Radlo
Communlcaflons Systems"™, Dec. 1971.

T.J.Kahwa and N.D.Geprqanés, "A Hybrid Channel
Assignment Scheme in lLarge-Scale Cellular
-Structured Mobile Communication System”, IFEE
Tran.Comm. Vol. COM. 26, Mo. 4, April 1978, ppu
§32-838, ’

- X . : Sy
Richard H. Frenkiel, "A High-Capacity Mobile
Radiotelephone System Model Using a Coordinated
Small-7one Approach", TEEE Trahs. on Veh. Tech.,
Vol. VT-19, May 1970, pp. 173-177.

Rohert W. DNonaldson, "Analysis and Design of Mobile
Radio Cellular Systems with Fixed Channel
Assignments'",- Report for the Dept. of

Communications, Ottawa, Canada, Jan. 1978.

J.8in, "A Hyhrid Channel Assignment Scheme for

Cellu]ar igh- Cap301ty, Land-Mobile Radio

Commu Acﬁtl ns %vstems with Erlang-C Service",

M, ¢ Thesls, University of Ottawa, Canada, April
79. '




10,

11.

12.

13,

14,

15.

.16'
17.
1R,

20.

21.

N\

~

.}

Lewis . Anderson, "A Simulation Study of Some
Dynamic Channel Assignment Algorithms in a High
Capacity Mobile Telecommunijations Systems", IEEE .
Tnans. on Veh. Techi, Vol. yT-22, No. 4, Nov. 1973,

ppL 210217,

Joel . Engel and Martin M- .Reritsky, "Statistically

‘Optimum Dynamic Server Assig¥ment in Systems with.

Tnterfering Servers", TEEE Trans. on Veh. Tech.,
VT-22, No. 4, Nov. 197, pp. 203-209.

D.C. Cox and D.O. Reudink,‘"Incregéing Channel

Occupancy. in Large Scale Mohile“Radio System: -

Nynamic Channel Reassignment!, IEEFE Trans..on Vehs
Tech., Movember 71973, pp. 218-222. -

D.C. Cox and R;ﬁﬂ Reudink, "NDynamic Channel
Assignment in two-Dimensional Large-Scale Mobile
Radio Systems™, R3TJ, Vol. 51, No. 7, 1972, pp.
1611-1629. - . S ]

IRM feneral Purpcse Simulation System User's Manual,
SH20-0851-1, Second Edition, IBM, White Plains,
M.Y., 1971. | .
Thomas J. Schriber, Simulation Using GgS?: John
Wiley % Sons, Mew York, M.Y., 1974,

P.A. Robillier, R.C. Kahan, A.R. Probst, Simulation
with GPSS and GPSS'V, Prentice-Hall, INC., Englewood
C1iffs, New Jersey, 1975.

Richard N. Lane, "Spectral and_Fconomic Efficiencies
of Land Mobile Radio Systems!, IFEE Trans. on Veh,.
Tech., VT-22, MNo. 4, MNov. 1973, pp. 93-103.

G.A. Arredondo, J.C. Feggler, and J.A. Smith,
"AMPS:Voice and Data Transmission™", Vol. 58, No. 1,
January 1979.

"Advanced Mohile Phone Service", BSTJ, Vol. 58, No.
1, January 1979. ‘

§. Flnoubi, R. Singh. and S5.C. Gupta, "A New Channel

-Assignment Scheme in Land Moblle Radio .
. Communications", E.E, Dept., Soubhern Methodist

University, Dallas, Texas, W.T.C Conference, 1979.

Harold Staras and Leonard Schiff, "A\Dynamic Space
NDivision Multiplex Mobile Radio System", IEEE Trans.
Veh. on Tech., Vol. 20, MNo. 3, Aupgust 1979, pp.
206-213. .

- 170 -



22,

24,

25,

o7,

28,

29.
30.

21.

- el N
Leonard Schiff, "Traffic Capacity of Three Tynes of
Commun User Mobile Radio Communication Systems",

. TFEF Trans. on Comm. Tec¢h., Vol. COM=-18, No. 1,

February 1970, pp. 12=21.

George R. Cooper and Raymond W. Nettleton, "A
Spread-Spectrum Technique for High-Capacity Mobile
Communications", IFEE Trans. on VYeh. Tech., .
Vol.VT-27, No. 4, November 1978, pp. 264-275.

Philip: T. Porter{ "Suypervision and:Control Features

- of a Small-7one Radiotelephone System", IEEE Trans.
"on Veh. Tech., Vol.20, N%.3, August 1970, pp. 75-79.

N.C. Cox and D.0. Reudink, "Effects of Some
Monuniform:Spatial Demand Profiles on Mobile Radio
System Performance", IFEE Trans. on Veh. Tech., '
Vol.VT-21, MNo. 2, May 1972, pp. 62-67.

n.C. Cox and D.0. Reudink, "Dynamic Channel -
Assignment in High-Capacity Mobile Communications
Systems", R,S.T.J, Vol.50C, No.60, July-August, 1971,

- DD, 1833-R57;

D.C. Cox and D.0. Reudink, "Some Effects on Channel
Occunancy of. Limiting the Number of Available
Servers in Small Cell Mobile Radio Systems lising . -
Nynamic. Channel Assignment™, IFEE Trans. on Comm.

Vol. COM=27, No. 8, Aupust 1979, pp. 1224-1226.

7achary C. Fluht and Fric Nussbaum, "Switeching Plan
for a Cellular Mohile Telephone System", IEEE . Trans.
on Veh. Tech., Vol.VT-22, No. #, November 1973, pp..
197-202. . ’ :

J.K. %4in and N.DN, Georganas, "A Simulation Study of
a Hybrid Channel Assignment Scheme for Cellular,
Land-Mobile Radio Systems with Erlang-C Service",
IFFE Trans. on Comm. Vol. COM-29, MNo. 2, February
1981, PP. 143-147.

N.D. feorganas, "Ftude de Methodes de la Gestion du
Spectre des Frequences pour les Systemes de
Communications Mobiles"™, Research Contract Report,
Phase TI, Eederal Dept. of Communications, Ottawa,
March 1980. N

M.D. Georpanas, "Ftude de Methodes de la Gestion du
spectre des Freaquences pour les Svstemes de
Communications Mobiles", Research Contract Report,
Phase TII, Federal Dept. of Communications, Ottawa,
March 1981, .

- 171 -

PR

"

L]



.32.

G. Nehme, G. Mousseau, A. Michaud. and N.D.
Georganas, "A Simulation Study of High-Capacity
Cellular Land-Mobile.Radio-Communication Systems",
Canadian Communications & Power Conference, October

1980, PP. 421-424,

- 172 -



-

NAME I

DATE AND PLACE

OF BIRTH
EDUCATION
?
A

VITAE i
George Hanna Nehme’
ZAHLE, LEBANON, 1954 -

B.A.Sc;.(Electrical'Engineering)

April 1979

'Uniyérsify of Ottawa,

L

Ottawa, Ontario





