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. ABSTRACT .

In cellular land-mobile radio-communication ‘systems,
. A

. mobiles may often t;éverse cell Boqndaries and ,movg so far

avay ffom 'theif local = base stations that signal sfrength
becomes .inadequate during a call. ‘Two solutions will be

presented -in this thesis in order .to resolve this issue. The

£irst solution is - the®hand-off procedure. Here, _calls in

progress: should'be’serviced/hf new voice~chahnels as they

"enter an adjacent cell. If such channels are available, the

g

calls continie; . othervzse they are ternznated prematurely. ..

The esasﬂée of the frequency hand- tf procedure is to study
methods for reducing the probability of these premature call
terminationf.- In‘ the second sol?tion, -by increagiﬁg the
transmitter powver , the signal strength is -incrbased; vhich
helps eliminate problems of local attenuation. However, this

creates the problem of co-channel interference.

P

This thesis presents a cdnputer simulation study a

cellular, high capacity, land-mobile’ radio communi€ations

“system with and without frequency hand-bff stategies. We

assume that there are cell b0undary” crossings for calls-

in-progress, In the hand-qff procedure, wve have studied

- .
several strategies vhere channels are specifically reserved

for hand-offs, These strategies have been evaluated in

- jv -



tefms of .the néw-call rej?ction ratg and the rate of
ébrempture teruﬁpations of calls in progress. In the secogg
meﬁhbd, we have found  the additional bﬁse station
transmitter power requifed td service all the' calls in
_progress without swi;cﬁing them to new channels. As weil,
the co-channel ingerfefence introduced .b} this method has
been evaluated and studied by varying the adﬁitional
transmisgion distance iitﬁ—aifferent partitions of channels
vhile yaiﬁtaining a grade Qf"sérvice of 2%. .gfpally this

éﬁ-channél interference was studied for different traffic

* intensities.
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Chapter I -
-~ INTRODUCTION.

B :
) L P, . . . .
The ultimate objective of mobile communications is to

enable any mobile user to communicate instantly and easily

with anyone else.

Mobile telephone systems have been in use in the United
States, Canada and othe;'countries; for nearly 35 years. The
modern systems of éoday are far superior to the earlier
devices and offer advantages in communication ease as well
as in size, weight and = portability. The early
radiotelephones were tube-type. Their operatiocn necessitaéed
the calling of a mobile operaton. Bésically, the user simply
transmitted to a central operator ' station. Once in céntact
with the mobile operator, -the_varioﬁs connections vere made
by hand, patching the mobile transmissions into the standard
phone line. The voice from the person being called was
patched from the phone lipe into a transmitter at the
operator'é station which broadcast this information back to
the ﬁobilg receiver. Today, almost all radiotelephones in
use feature completely sol;d-state circuit design, with

integrated circuits used, wherever possible, instead of



2
discrete devices. ., The ptinéiple of today's radiotélbphone
connuﬁiqftion Systems is 6ery‘simiiar to the earlier one,
except that théjmobilévoperator is sometimes dispepsed with.
In somévsystems, a dial tone is heard by the,mqbile station
vhen a channel is clear and a tﬁﬁé enéodéd'(push-bstton'pad)
is punched with the proper number combina;ion.‘ All of this
,is done by the mobile caller. Electronic circuitry &t .the
central office autom;tically handles the patching work. It
can be seen that, from a user's point 6£_vi§v, thé mobile
radiotelephone operation is about as simﬁle as dialing a

number from your home [28,2]. .

., The last two decades have seen enormous increases ih
demand for mobile communication services. The growth in
demand is projected to continue at a rate of 15 percent per
annum. Various techniqueé have been proposed to cope uity
this increasing demand for ' mobile radio service. Aﬁong
. them, . the cellular mobile radio 1is..highly favoured
-[8]. In_fact it has been considered of such importance that
the FPederal Communig?gign'Commussion {FCC);in the U.S.A. has
_allocated a 75MHZ bandwidth -in the B0OMHZ band to the
common-carriers who would adopt the cellular structure to
provide the publiE with mobile radio communication services.
Out of the 7;MHZ, 64MHZ 'is allocated for the land-mobile
telephone service with the remaining llMHz.r;served for the
air-ground service. Developmental cellular systems have
be;n put into operation in.Chigago and Tokyo by AT&T and

Nippon companies respectively [7,21].
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Appfeciation of the- potential for cellular - techaology
. reguires an understanding of. existing mobile telephone

systems and their inherent limitations.
‘ i " ) . . . ¢ o .

- . In ;.conventional mobile telé&hone‘ system the mobile
upité are fregquency agile (i.e.,cap;hle of-operating ‘on a
r;hge of chaﬁnels) transceivqrs, and gypically operate at
"7 50-100 Watts of output. The base stations operate on the
scale of tens or hundreds of watts. 1In "anut:oma’i:i.c;l systems
(the Bell system uses the terms IMTS for Improved Mobile
Telephone Servicg),-'to initiate a call, the mobile sfption

must first locate .an idle radio-channel. Then signals to and

from the mobile unit are sent and received by a central base

station, consiSting of an antenna, a relatively high- power:

transmitter, and a receiver. In most systems, the base
station has adequate pover to send and detect signals over a
T ' .

" distance of 20-50 miles.

In cellular . mobile radio systems (CMRS), each cell base
station broadcasts a relatively low power signal (100 watts
is the_maximum, permitted by the FCC) on a specifichet of

pre-asﬁigned frequencies. This signal is intended for

communication with mobile units only within that particular

cell. Therefore,” transmission from a given cell is
detectable over a shorter distance than in conventional
éystems, and poten}ial interference is reduced. As well, the

mobile wunits themselves are low power, with a maximum

-
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alloved output of seven watts, thereby further reducing the

potential for interference. But this creates a problem which

relates to the fact that when a mobile unit moves far away
_trom the local base station, the signal - strength becomes

_inadequite during a call. Indeed,the low-power nature of the

various transmitters makes signal degradation more likely,
and thus increases the probability that a ‘call will be
"lost™ [22]. ., |

L

To solve this-probiem, two solutions have been proposed.
Pirst,‘ increased signal strength can be achieved simply by
greater transmiéte; power.' This is, in faet; a feature of
the AMPS system im Chicago, which employs variable-power
transmitters at both the base station and ﬁﬁﬁ.mobile units.
This helps to eliminate problems of local attenuation, as
both base stat;on and mobile transmittgrs automatically

adjust power output to maintain signal strehgth. Second, the

mobile's movement into a new cell may requi&b the need for a

new base station, and the mobile telephone switching office.'

{MTSO) must sgitch the call to a new channel associated with
the new baée station. This is called the “hand-off"

procedure,

In this thesis we are co?gerned with ' the problem of

frequency hand-offs in a cellular_structured, high-capacit}'

\_\
land-mobile radio communications system, and the problem of

co-channel interference produced when the transmitter power

- e e
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of the base stations and the ‘mobile units, is increased to
servxce the callis-i n-progress. This thesis first presents a

sznulat;on study of methods for reducing the probability of

' premature te:mxnatxons of the calls in hand<of £ status. ‘:Hg

also study the level of the base stat:on 8 transmitter power
needed to service all calls in the system without switching

any of them from the service of one base station to another.

In chapter 2,. varitus\ terms used in our study are
introduced. The Erlang-B and Erlang-C as well as the
Blocked-Calls-Held service discipline are discussed, and the
cgrresponding queueing -models,.-gssuming a fixed number of

servers, are presented.

: Chaptet 3 deals with the summary of the basic concepts,
system considerations and system performance character1st1qs

of a cellular- structuted radio mobile system.

Chapter 4 discusses the basic channel assignment schemes.

A way to ‘allocate the radio channels of the assigned

« frequency band to the geographical cells is introducédL

Three general'categorieé of this method, using a fixe@, a
dynamic or a hybrid cﬁannel aséignment schemes in a given
cell, are treated from the standpoint of layout opt1ons and

traffic handl1ng capab:lltles. '

Chapter 5 is concerned with the hand-off status of calls,

system procedures, as well as the different channel

-

assignment schemes for the hand-off calls.

p-—y
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. The main part of ghis'tﬁeéis lies in the Qimulatioq study
of the freqﬁency hand;o££ strategy in ; cellular structured,
Hiéﬁ capacity.,_land-mobi;e radio systemi_'yith Erlanng‘
service. A“déééription of the simuthed’syétem is given in-
chapter 6. Also, the increasing transmitter power simulation
,_ﬁéthoa will be discussgd in this chapter and different

simulgtion flow—charts vill be presented.

Chapter 7 .is adareSSed to the simulation results,
regkrding the performance of both methods concerning a
system which allows-th; calls to cross the cell boundaries.
The rgsults of réserving cﬁanneié'for therhand—bff calls, as
well as the results 6£ letting the boundary-crossing calls
to keep beiﬁg serviced by the' same channels, will be

discussed. o R

.Finally, chapter 8 presenté _the general conclusions and
remarks of this thesis. A detailed GPSS description of the
simulation models, as well as the computef program, is

. included in the appendices.
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Chapter 11 ,:::
TRAFFIC ANALYSIS FOR MOBILE RADIO SYSTEMS

. \‘

‘2.1  INTRODUCTION

N

The term traffic used throughout the context of this
thesis refers to telephdne trafficc rather- than vehjicular

traffic. The study of traffic is a well-established

- discipline in telephone engineering.

Telephone calls are made by individual customers as they
fit into their living or into the conduct of their business.

The aggregate of customers' calls follows a varying pattern

throughout the day, and facilities must be sufficient in .

‘quantity to satisfactorily handle the period of maximum

demand, usually termed the busy hour. The ‘basic factors
involved in the provision of facilities are the call attempt
rate, call holding time, “grade of service and number of

channels.

' The traffic volume_in telephone systems is measured in a
unit called the Er{ang. An Erlang is th; amount of traffic
one trunk can handle in one hour, if it is busy ,all the

time. An Erlang is equal to 3600 call-seconds.
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The numbé; of Erlangs received is given by:

No. of calls per hour x mean holding time per call (seconds)

3600

The pfoduct of the call attempt rate and the call
duration times.is the "offered traffic”, which denotes the
amount of time that a guantity of callers desires the use of
facilities. The offered traffic is usuélly expressed in term
of“Erlgngs. £

-

Grade of service may be described in terms of either the
probability of blocking, thdt'ig the probability that all
available channels are busy, "or the average delay

encountered by the calls [7,5,2].

2.2 BLOCKED-CALLS-CDEARED (ERLANG-B) DISCIPLINE

With this service discipline, an arrival that occurs when
W . -

all channels are busy is blocked, leaves the system and does

not return in the same period, say the busy hour.-

The blocked-calls-cleared (BCC) discipline’ can be

modelled by the M/M/m/m queueing situation shown in Fig. 2.1

&

in which there are m identical servers (channels) each

having identical service times (call holding time) which are
. -~

assumed to be independent according ' to a negative

exponential distribution and have mean]Qh:seéond. The calls
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N

1/n

=0
 l/n
1/m
1
=
! 1/H1
A (=)




*.

arrive in a

of A calls/hr.

The utilisation factor.p for the model is given by:

. v
A

R L
l(u) o
B ’ ’ (2-1)
3600m i .
or o
Au ,
= = (in Erlangs) = offered load (2-2)
3600 :
The Erlang-B blocking probability is given
formula [2,71]: -
(m.p)™
m!
P - - (2"3)
B o (m-n)k
) -z
k=0 k!
\' '
since no

The average queueing delay is =zero,
alloved to form in the Erlang-B mpdel-'

-

- 10

Poisson fashion with a’ mean arrival rate

by the

queue is
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2.3 . BLOCKED-CALLS-DEI;AYED-éERLANG-C) DISCIPLINE

-

The'bloéked—calls—delayed {(BCD) or Erlang-C model arises

when blocked calls are .alloﬁed to gueue up and wait for
service in order of arrival. ‘More precisely, the system is
composed of m channels and an unlimited waitihg’queueﬂaéalls
arriving to find alfree channel are served. immediateiy.
Calls arriving when all channels are busy, queue up in order
- of grrival . If a channel becomes idle when calls are

waiting, the channel serves the call at the head of the

gueue. Calls do not defect from the gueue.

The (BCD) discipline can be modelled by a M/M/m/f=

gueueing situation shown in Fig. 2.2, This model consists

of m servers . (channels) having identical service times:

.governéd by the negative-exponential distribution with a
mean of 1/y sec and.call arrivals that occur a@cording to a

Poisson fashion with mean arrival rate of A calls/hour.

Once again the utilization factor of each server is given

by edﬁat{on,(z-l).'

The . probability of queueing is given by the Eflang*C
formula as [2,7]: o - .
]
k=0 :
1 - m k
RS LY.
p = Lx=0 T ' '2
c T -mgl (mp) ] | (2-4)
k=0
1 -p
? (mo)k .
k=0
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Fig. 2.2a depicts the situation where the calls have no

liggeferred servers, that 1is, they are served by the first

'sé%;er whoever Becomes available. In Fig. 2.2b, the'calls"

are to be served by their predetermined servers. The

'queueing time in the latter is found to be greater-than if

the calls ‘were " able to'choose the first éerver who becomes

free [13,2,7]).

2.4 BLOCKED-CALLS-HELD (BCH) DISCIPLINE

+

The case of the Erlang-B'ﬁhere t?e number of channels.is_
la?ge may be approximate by another diécipliﬁé referred as
the BCH: . |

In such a system,.calls arrivinghto find an idle channel

are immediatly served. If an offered calll-upon finding no

channel idle waits for, an interval of time exactly egqual

~,

- —_—e
to its holding time, then it disappears from the system. In

. ' L
mobile radio telephone system, the call holding times (the
times between call arrivals and call completions) are found

‘ .
to follow the negative-exponential distribution [2]. If a

channel becomes available during the holding time, a waiting

call will seize the channel for the portion of tﬁe holding -

time remaining.

With ' the same assumptions concerning the service time

*
distribution and the call arrival pattern as in the previous

“two discipiines, tﬁe:blocking probability/is\gound to be: (2,7}

mep) - (2-5)

P =~ I
B k=m
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where m is the number of servers and ¢ is the utilization

factor of each server as given by edﬁation (2-1);

 The way in which the blo;ked.'calis are disposed has
different -effects on ' the blo&iing probability; When the
blocked calls;a;e held, they occupy some channel time, If
the prqbabélity of no idle channel is low, the blocked calls
foccupj nearly the full holding time. If blocked célls are
delayed, they are allowed to wait in the system and occupy
the full holding time. Hence the blocking probability is the
highest of the three disciplines. 1In BCC model, thelblocked
-calls dq not occupy a channel and thus-fQF a given load the
probability of ali"Channels found busy is the lowest among

the three disciplines.

The mobile telephone service is c¢losely described by_;he
- (BCC) assumptions. The International Consultative Commitee
for Telegraphy and Telephony {(CCITT) has recommended:the use
of Erlang-B. %he Dispatcher service 1is closer to.the.(BCD)
. assumption. The Erlang-B discipline was considered in the

simulatioﬁ preéenfed in this thesis [13,2,7,5](*).

(*) : Next page number is 17.



Chapter III
THE CELLULAR SYSTEM

- 3.1 INTRODUCTION

v
- : .

-

Historically, mobile radio engineers have sought the

highést mountain or building within a proposed service area

for their high-power antenna location, in order to "cover”
th; largeét\ area possible. Since it was not practical to
transmit theggéme power from the mobile units, additional
receivers evantually had to be éistributed within the area

to service the mobile- to-base link in low~signal regions.

Because of large obstructions lige‘ hills or tunnels,
holes in the radio coverage from the high base-station
antenna someéimes existed within the primary coverage area.
Attempts have been made to fill in some of the coverage

holes by installing secondary transmitters and antennas.

.

" This solution creates problems in the coverage overlap

4 ' \
because of frequency beats between the signals from the

different transmitters. In addition, careful equalization of
the delay in the baseband circuits to the different
transmitters was réﬁuﬁred to keep distortion at acceptable

levels (Fig. 3.1) [2,13,7]. °

-17...
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Service Area
For A

Fig. 3.1 A Global Coverage Radio System.
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Due to the increasingl demand for land-mobile
commGnication service and the limited radio frequency

spectrum available, in the global coverage systém, one radio

' frequency thannel can serve only one customer at a time in

the whole geographical area in which the mobile telephone is

‘permitted to operate. Different technigues have been studied

in order to use kthat portion of £he grgquency spectrum
efficiently. The cellular strucéure apﬁroacﬁ was first
proposed and believed to be able to solve the channel
shortage crisis and simhltaneously"cope with the rising

demand for mobile radio service‘[13,25].

3.2 BASIC ELEMENTS QF THE CELLULAR SYSTEM.

The most conspicuous attribute of a high-capacity system

is its size. ' The heart of a high-capacity mobile

. communications system is the spectrum allocation. This

system model assumes the availability of severa{ hundreé
channels. In such a system, it ‘has been proposed that a .
small zone approach be considerea as a way to make efficient
use of the radio spectrum for both land mobilé telephony énd

dispatch services.

Basically, a plan was made to permif the reuse of the

radio spectrum by limiting coverage, distributing the radio

' equipment into: many small clustered cells or zones, and

connecting into the land telephone plant at several points.



20

There are several reasons for going to a small-zone plan -
[17,15]: | T
1) Spectrum economy: ‘Channelé may be reused within the
~ service area g?d also within contiguous service
areas. ' (//

2) Flexible growth: After ;he‘i;Etial installation of a
system, “growth "can take place within the initial
allocation, a) by shrinkiné zone size in the center
of the system of b) by adding zones where there were
néne before. B

3) Power: A small zone implies a lower transmitter power
(or antenna height) at both mobile and base.

4) Balance: 1If base power and mobile power can be made
equal; there is no need fbr more thén one receiver

per transmitter on the land.’

The operation of a cellular system is illustrated in Fig.
3.2, The diagram shows_the basic operating configuration of

the cellular concept (22].

Any given area to be served by a CMRS can be imagined to
be'divided‘ into discrete regions or cells. Each cell is
XJQ\unipped w%th its own radio freqﬁency transmitter and
receiver, and switchiqg and control eguipment. Collectively, .

this equipment is referred to as a "cell site™.’

In Fig, 3.2, |we have assumed that available mobile

frequencies are identified by letters of the ‘alphgbet. Thus,.:
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MOBILE UNIT IN
CELL SITE 23
OPERATES ON
CHANNELS A AND M

LAND LINES CONNECT ALL CELLS TO MTSC
(MOST OMITTED HERE FOR CLARITY)

MOBILE UNITS IN MOBILE UNIT IN CELL 1

CELL 2 OPERATE ON ALS0 OPERATES ON CHANNELS
CHANNELS G/S AND J/V; A AND M, BUT DOES NOT INTERFERE WITH
OO0 NOT INTERFERE WITH ADJACENT UNIT IN CELL 23 BECAUSE OF 5.CELL
CELLS. WHICH USE DIFFERENT CHANNELS . SEPARATION

Fig. 3.2 Basic Operating Configuration of
the Cellular Technology Concept.

(diagram taken from ([221)
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for .example; A/M reﬁfesentq a two-wgy‘channel operating
~mobile-to-land on frequency -A and land-to- mobile on
.frequencé M, If any two mobile units are far enough apart,
they can both operate on the frequencies without'sufﬁering‘

from co-channel interference. .
. F

The first problem with sqéﬁ a system is that 'SeverA} t
mobile units may desire service within the same cell at the:
same time. 'This creates a need for new frequencies or
channels 'in-each cell. This problem can be solved .by some
combination of two,pfovisions: more channels, or frequency
'agility in the cell sites. Frequency agility means that tﬁe
cell sites Ehemselves would have the abilitf to broadcast on .
all channels allo¢ated to a system, if necesséry, to méet
demand. Returning to Fig. 3.2, for example, if chénnellp/P
is normalig allocated to cell 3, but is currently idle,iééif
1 could seize that channel and provide service to a new
) éaller in cell 1. This solution is very important when calls

are "lumped" geographically.

. A second major problem relates to the fact that as
transmitting units move about'.the'terrain, signal strength
is subjected to variation and degradation for several
‘reasons. It may be that the mébile unit passes behind a tall
Suilding or ov;f a metal bridge that attenuates the signal
to and from the cell site. It maghélso happén'that aﬁgobile

-

unit moves so far away from the local cell site thaifsignal
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strength becoﬁes inadequate during a call.. Again, two
solutions can be prdpoéed. First, increased s;gQQ{ strength
can be achieved simbly by greater transmitt;fl‘power which
helps to eliminéte,broblehs'of local attgnuation. éhg second

solution of distance attenuation is overcome by the unique

feature that makes the cellular'concept viable, that is the

call "hand-off" procedure. This procedure will be explained

in detail later on chapters 5 and 6. .

\

3.3 CELLULAR CONCEPT AND SYSTEM DESCRIPTION

The urban, area to be covered by this system is divided
into "a number of nonoverlapping cells or zones. 1In the
center of each zone is a fixed base station and mobile units
in the =zone can communicate with this local baséQStation
which contains a.group of low-power transmitters/receivers.
All these base stations are connected via land lines to the
mobile switching office fMSO) which, in turn is connected to
the Direct Distance Dialing (DDD) network L?ia " land

facilities as shown in Fig. 3.3. This allows for a complete

]

connection between any mobile unit and any fixed subscriber.

The MSO is equipped with an Electronic Switching System
(ESS) with special data terminals, and trunking facilities
and a unique program to achieve the required extensive
centralized coordination-and control to proﬁerly administer

base station = assignments,channel assignments and

re-assignments and to .interconrect the moBiles with each

other and with the DDD network.’ . .
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Fig. 3.3 Block Diagram Layout Of & Cellular Radio System.
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ff must be emphasized that all this eguipment iﬁ far too
expensive for any one user to afford. But the traffic
carrying qapacity of this syhtg@ is so large that many users
can sharé the system and equipment cost is divided among
them. The MSO must bé awvare _of the location of the mobile

unit so that the call can be switched to the correct base

station. In one realization of the system the "locating”

function is accomplished with an “elgctronic fence™ around
each zone, ZOnes.ére laid out and zone boundaries slightly
modified, so that . zone boundary lines cut fthrough streets
near their centers. At each intersection of street apnd zone
boundary line a short range'sensor is installed. All mobile
units have low;power transmitters that periodically emit the

unit identity. When the unit gets within fange {perhaps 100

feet) of a receiver this identity 1is picked up. By having

two antennas, back-to-back, that look ‘down the ~street in

. each direction, the receiver (with the aid of some internal

storage) can, not only tell which vehicle crossed the

boundary but'lzso in which direction. "All such receivers are
L J . . .

connected to the MSO and transmit veliicle number and

direction of crossing [4,27T?
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. 3.4 CELLULAR LAYOUT

In the ce;lularfmobile radio telephonéfsystem,' the prime

mechanism for serving large subscriber groups with limited

spectrum ié‘pﬁe use'of'smgll radio coverage zcones or cells.
Where the afea covered from a single base siation is small,
it is possibie to reuse the radio channels of that base
several times in the samé reééqn. Hexagonal celi; are

preferred because they nearly approach the circular pattern

~that " can  be eésily produced Dby the base station

omnidirectional antenna. Furthermore thqynfill a plane with
no overlap. Each cell has its own base station located at

the center of the cell.

A frequency modulation (FM) system with a reasonable
modulation index has certain édvantageS‘over an amplitude
modulation (AM) system [21]. A possible:requirement for FM
Eight be that. for a mobile in the worst .case position ,the
(RF) signal—to-‘interference‘ratio‘should be better than 8
dB gbout’Qs percent of the time. It will therefore be
necessary to attempt to maintain a much higher :average
$-T0-1 ratio to insure that the 'minimﬁm requirements are

surpassed most of the time.

- =

Since each base station transmits within its own cell,
the reuse of the same -frequency channel in the other cells

is feasible, thus providing many voice paths in a single

~ .

v



urban area. Efficient use of frequency channels requires
‘the simultaneous assignment of channels-in.rﬁdio coverage
cells which are spaced as close together as possible without
.incurring'excessive cdchannel interference. However, there
exists a minimum seperation (Y) within.which the channel
cannot be reused [i7,5,6]. |

| The minimum separation ratio cannot vary continuously but
.may assume. discrete values consistent with the spacing
between any - two cell centers. This minimum separ8tion is
called the minimum reuse interval and given by :

Y = D/R Y o (3-1)

-
Where D is the geographic separatjon between the two base
stations using the same channel simultaneously and R is the
cell radius.  The ratio D/R is a function of the (SIR)
ratio, the cell size, the antenna heights and gains, the

propagation media, the frequency of operation as well as the

- modulation technigte.

Using an acceptable value for Y, we must introduce enough

sets of RF channels to provide each zone in an infinite
plane . with one set while preserving the established
seéaration betweeﬁ zones using the same set. The minimum
reuse distance is relgted to the number of channel sets N

by ‘the function:

N=1/3 (v)> (Hexagénal Cells) (3-2)

L
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where p&ssible values of N belong- to the series:
. & _ . .
i3+j2+i,.j=N; i and j called "shift parameters”, must be

positive  integers [5,13]:

| For any value of ¥ there is an interference cell group
"(1CG) associated with each cell.‘bhannels assigned to a cell
cannot be reused elsewhere within the ICG if already in use

in that cell. The thick block contddr, in Fig. 3.4,

- represents the Boundary of the ICG of the shaded cell. There.

are 19 members-in that ICG. The capital letter in each cell

denotes the channel set allocated to be used there., As can
be seen, any reuse of a channel set is prohibited within the

1CG.



29

Channel Set : o : -Inti;-rference Cell

Gfoup Boundary

Fig. 3.1 A Cellﬁlar Layout of a High-Capacity Mobile Radio System.



3.5 CELL SI Z.E CANSIDERAT"ION . =

What cell size should be used? Small cells are desirable
for two reasons; the resulting large number of*bells‘would
permit considerable bandwidth conservatibn via\ channel
reuse, and the power levels required of transmitters would
be low. Rediced power levels reduce costs of mobile and base

transmitters and lessen electromagnetic interference with

other syStems."However small cells require improved vehicle

location aqcuracy' and increase the probability that a

call-in-progress will have to be transfered to another

channel because of cell boundary croséings.

If the density of offered traffic were uniform over the

entire service area of the mobile radio system, the-desigh

of a grid of small <overage areas would be straight forwatd.

However, thg traffic density usually decreases to much lower
yalues at the outskirts of métrdpolitain areas than at the
centers of ¢cities. Also, ©base stations are .expensive.
therefore, in order to minimize system costs, larger cells
are ﬁsually.prescribed on the outskirts than around the city

centers.

The lower bound on cell size is primarily‘cdntrolled by-

the practical constraints on the amount of data processing

required to keep track of . moving vehicles and to switeh



SRR PR . SN S S O A

o L - 31
voice paths as the mobiles move from cell to cell. Cells of
about ‘one mile radius are pﬁssible' today and that .even
smaller cells may become feasible in‘the future due to,;?e
rapid adyancemeht-in microprocessing - technology. The upper
bound of cell size is. a function of the mobile (qr base)
transbitter, p&wgr, channel-banduidth,-- receiver design,
antenna heights and gains, minimum required SNR and is also

dependent on whether diversity is employed. Cells of about

" twenty-mile radius are possible today [26,17,71].

3.6 SYSTEM PERFORMANCE CHARACTERISTICS

3.6.1 Noise in a Mobile Radio Environment

. In a conventional point-to-point analqg\AM communication
system disturbed by additive white gaussian noise of power
density N,/2, the output signal-to-noise ratio (SNR) . is

.given by :

-

SNR = P/N,W : (3-3)

Where P is the received information signal power and W is

the audio bandwidth.

For conventional point-to-point above threshold FM }

transmission of a gaussian'message in white gaussian noise :

v

SNR = (3/2)B?*P/N.W (3-4) "~



the transmitted FM signal.

32

Where B* = Wic/W*, and Wic is the mean-square bandwidth of

<

In a mobile radio environment, SNR as given by’ equation

Jf3-4) is often not applicable for one or more of ‘the

following reasons [2,21,26] :

1) Past Rayleigh . Fadihg: As . the propagation
characteristic between the mobile ‘an@ the base

station changes continuously as the vehicle moves,

" the multiple reflected waves transmitted from a

single source may interfere-"destructivelynfo-Vﬁ?fing.

degrees. ' This interference causes " the signal
envelope to vary in intensity in accordance with the

Rayleigh distribution :

- o a<0
pr{a) = (3-5)
a_ g -at/2r,  a20
r )

-]

Where r, specifies mean -power of the distribution.
2) Slower Log-Normal Fading: The actual value of the
mean received power : )
. o y
s =1z, /72 . (3-6)

»

{ L

varies slowly with respect to the wave length as the
distance between the base station and the mobile

changes. This slow variation 'is approximated by a
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Log-Normai distribution. This r, varies as R, where R
is the distance between the baég station and the

L I

mobile. The probability dehsity Pg{a) is :

2 v
.~ Pgla) = —i———.expt— 12:Eal-] {3-7)
‘Y2n © 202

fhe expected value (%;) of "S" is :

=

ae = A - 10n.log(R(B,) ) - {3-8)

Where the constant A depends on terrain and

envikonment, antenna heights and_gaihs and carrier
frequehcy; ﬁ, is a ﬁormqlizing facfo; (the radius of
the cell). |, " : |
Co-channel interference: Reuse of an FM channel by
mobile and base stations in geographically separated
radic cells causeg co-channel interference which is
not-normally"present in conventional point&ﬁo—point
coﬁmunication links.‘fhe actual level of'interfergnce
depends on the geégraphic reuse sepa}ation, the
modulation index g, thé propagation factor n, message
statistics, and th; receiver structure.

Adjacent. _ channel " interference: " Imformation
transmitted in channels adjacent in the spectrum to

the 1local channel provides another source of

interference. The level of -interference depends on
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- the frequency separation of the local and adjacent

5)

- 6)

chaﬁnels,$~ the modulation index, the propagation
factor, geogfaphic proximity and the rgceiver design.
Seleétive,Preqdenc&iFading: - Because there are often
several signal tpansmission paths betwveen the mobile
and the b;se station, the interfefence between these
paths may, - at any - given moment, be either

. ’ \
destructive, constructive or neither depending on the

-

frequency of the transmitted signal. Since the

instantaneous frequency of a modul?ted "FM signal

depends on the amplitude of -the message signal,
fluctuations is received Signal Etfeﬁgth'may occur
even if the mobile is stationary. - .

As a mobile moves about the instantaneous phase of

the received signal changes abruptly due to sudden

changé in preferred sigpal paths. The result is
output noise which is referred to as Random FM. It

is proportional to:
= L4 . -

where V and 1 denote, respectively, vehicle velocity

and the wavelength of the transmitted signal.

e itis it
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3.6.2 OQutput Signal to Noise Ratio

The discussion in the previous section suggests that
determination of the SNR for a mobile radio channel
subjected to fast Rayleigh fading, slower Log-normal signal
level -variation, co-channel or }‘adjaéent channel
interference, freguency selective fading and_Random FM, is
not a sgmple matter. In one sense the avaiiabilftj of
diversity receivers further complicates thé'*p}oblém of

. ¥ . o
calculation of SNR which now depends not only on the various

typesl/of noise, but alsc on the detailed structure and

‘amount of diversity employed. 'In another sense, diversity

simplifies the problem of SNR calculations.

in the presense of co-channel interference and for good
diversity and/or carrier-to-noise (CNR) ratio high enough to
keep the signal above.threshold, the minimum required SNR

for a cell is given by [21]:

\

I

’ 2
. S -1
sor = (rrr(§ )%, Fige 3, [léég—.cunj } (3-10)
=10y P R

where :
Py
P

interference to the radiated power of the signal

in gquestion.

—2> = ratio of the power ‘of the ith co-channel:
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Di' = geographic separation between the distant (ith)
transmitter and.phe local receiver.
cell radius. i

.
[ ]

1 = number of co-channel interferers. -

r = constant dependigg on I, the amount éf fading
suffered by 'both the signal and the interference

. and on the average signal characteristics.

8 modulation index, |

Q -Jattenuétién factor which lies between 2 and 4.

Y

CNR = darrier-to-noise ratio at a unit distance from the

transmitter (=P/N W).

W = audio bandwidth,.

N,/2= power spectral density of additive white Gaussian

noise.

The first term of equation (3-10) accounts for the
co-channel interference while ‘the second one for the
additive white gaussian noise. The guality range important

to mobile radio is 15 to 30 dB SNR;

3.6.3 System Cost

System cost includes costs of all base stations and
associated linké, as well as supporting facilities such as
license fees, design costs, eqﬁipmént maintenance costs,
etc, Total system costs can be represented as fixed plus

variable costs. Fixed costs are those incurred in the

-~
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establishment. of a minimal facility. ‘ Variable costs are
those additional costs fequired to provide an improved
system which results from improved SNR,  increasing numbers
‘of base stations and increasing numbers of channels. The

normalized system cost is expressed_as'follous_[?,Zl]:

&-

c=1+x(L 2! M (cNR,)© ©(3-11)

L
« L
i=1
Where: i

a,b,c= cost indices determining the rate of change in

vafiable cost; a<l, b<l and c>l.

K = variable cost factor normalized over the fixed
cost.
L .= number of cells.

M; = number of channels in cell F.

CNR; = carrier-to-noise ratio in cell i.

It follows ‘immédiately that if all base stations ' have
identical values for CNR; and M; then with CNRi = CNR and M
= m: '

‘ b

C=1+KNm.(CNR)® (3-12)

where m is the total number of radio channels;



3.6.4 Message Throughput

L

Messaée throughput Q for a mobile.radio sf;tem iégsimply
the product_gf the system call-completion rate and - the
average hélding “time L. The call-completion rate is the
product of the observed call-attempt rate and 1-P, where P
is the blécking probability : ' _

Q = AL(1-P) {3-13)

When each of N cells has- a total call attempt rate

then:

where.o; = A;L and P, is the blocking probability for cell

i.

3.7 DIVERSITY CONSIDERATIONS

Er

The objective of ' diversity 1is to provide a path for
reliable transmission of a rédiq,éignal between mobile and
base station. 1In the limit, diversity can virtually
eliminate the effecfs of both Rayieigh fading of thé degired
signal and effect of random FM and frequency selective

fading,

The technique which is most often used in mobile

telephone syétems is space diversity, in which different
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site positions cfeafe[ a multiplicity of base-to-mobile
. paths, and in which ﬁhe critIcalrparameter is the degree of
separation. betﬁeen pathg'-ﬁhat is necessary to achieve

independence of path reliability [26,13].
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' Chapter IV
CHANNEL ASSIGNMENT SCHEMES

4.1~ INTRODUCTION . ' . C .

In a high-capacity cellular mobile radio systém that uses
many Base stationé to provide radio service over a large
geographical ‘afea, each . base station is responsible for
radio coverage within its assigned cell only. In order to’
make efficient use of the freguency spectrum, radio coverage
from base stations would be limited to small zones and
channels would be reused several times within 'a particular
urban area under certain constraints. Various channel
assignment schemes were developed, in.order to inérease the
system efficiency. They were studied and their performances
were'gvpiuated by L.G. Anderson [16], T.J. Kawa and~N.D.'
Georganas [24], D.C. Cox and D.0O. Reulink [1,14], J.S. Engel
[19], G. Nehme and N.D. Georganas [8] etc.

This chapter first‘prepents different channel assignment
methods. One such method is the fixed.'channel assignment
scheme (FCAS) that assumes a definite relationship between_
the channels and the cells at any time. .Another technique
is the dynamic channel assignment scheme (DCAS) 1in which no

definite relationship holds between cells and channels. All
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the radio channels available to the system belong to a
_central control. These channels can. be temporarily borrowed
by any cell to serve calls on a real time bﬁéis, provided
that the minimum reuse distance is respected at the time of
_borrowing;‘ Insight ihto these . basic channel aséignment
schémes leads to the conééption'lof the hybrid channel

assignment scheme (HCAS) .which is to be presented in this

chapter. .

4.2 FIXED CHANNEL ASSIGNMENT SCHEME (FCAS)

In cellular systems wiﬁh fixed channel assignment, each
f}eqﬁency channel is permanently assigned to one or more
specific radio cells. ﬁiﬁ this case, a subset of the
channels available to the radio. sysfem is permanently
reserved for use within each coverage cell. The channel
‘subsets are reused in the cbvérage cells separated by a
reuse interval. Only channels from the reserved subset can
be used to serve a call in a particular coverage cell. 1If
ali channels from the reserved subset are in use, service
will not be provided to another caller even though there may
be vacant channels among those which are reserved for use in

adjacent coverage cells.

In (FCAS), the total available radio channels are divided
into a number of channel sets. There is a minimum number of-

channel sets required to serve the entire service area. This
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minimum number (N) of channel sets is governed by the

minimum reuse distance in the following fashion :

. -2 :
N = 1/3( 7Y ) ' (4-1)

where N can assume only integer values 5,7,9,...etc. as
generally represented by the series (1+3)*-1.13 uith‘§ and j
being positive integers [2,7].

The N channel sets are then assigned to the cells in-the
qsystem respecting the minimum reuserqistancé and are to be
exclusively used in their nomi?al cells at any time. All the
N channel sets will be of the same size-if the customer
offered traffic has a spatial uniform distribution;
‘ptherwise the number of channels in. the channel sets can be

appropriateljf“\ailoreat to suit the traffic demands.

Efficieng use of fixed 'channels requires siﬁultaneou%
aésignménﬁ (reuse) - of a :adio'channel in cells that are
spaced as clgse together as possible, wi%hodf incurring
excessiveico-channel interference. If all fixed channels of
a cell are in use, a new call initiégéd in that ;911 is
immediatiy blocked, and will be disposed of in .a‘mannér
dictated by the service discipline adopted in th; service

area. Fig. 4.1 shows an éxample of the allocation of channel

sets to various cells in the system with (~ ) of 5 radii.

The capital letter in each cell represents theQ ngminal

channel set while the superscript associated with 'each

-
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A Interferei:ce Cell G’rouﬁl“, | T . T - - Nominal Channel] Sets
| boundary for the shaded cell '

Fig. 4.1 Allocation Of Channel Sets With The Fixed-LChannel Pssfg-ﬁent
SCheme. . —_— - . f . . .



44
"*letter indicates .the number of times that channel ' set is
reused within the system {2,17,16,21,71.

- "

4.3 DYNAMIC CHANNEL ASSIGNMENT SCHEME (DCAS)

In_systems, with dynamic channel éssignment strategies,
channels are available for assignment to any cell, provided
adequate geogtaphic separation betue;n e;ch _channel is
mainta%ned. In this case, there is ho need of assigning
‘different channel sets to the diffgrent-cglls of an (ICG).
Channels are 'assigned to sérve cai&s in any.Cell in real
time, provided such assignment respects the minimum spacing
constraint v . {(The resulting average spacing between cells
using the same channel depends: on the criterion of

borrowing, but it is usually larger than v ).

In (DCAS), channel search to assign in a particglar cell
at a particular time involves searching through all channels
alloéated to the centréi_pool._ If no such Eﬁahnel‘is found,
service cannot be provided in the cell at' that time.

Usually there are more than one channel in the central

”

pool suitable for borfouiﬁg,_ Then one has to decide which
channel, out of the eligible 'candidates, to borrow for use.
The following schemes f&r a cell borrowing a free channel
<

have been investigated [16,21,2]
a) Borrow the very first channel found in the search

that satisfies the interference constraint. That is,

“
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a channel not being used .in any cell belonging to the

interference cell group for . the. particular cell in

guestion.

The second strategy is to "choose fo:'assignment that

" channel which "is "in use” at a cell nearest to the

c)

assigned coverage cell, but still at least at reuse

interval, away. That is, the channel which minimizes

D over the available channels, wvhere D 1is_  the

distance to the first cell qsing that channel on
‘either side of the assigned cell.  If more than one

‘channel has the.same minimum D then the first channel

encountered is assigned without regard to the
distance io the first cell using that channel in'the
dpposite direction.

Borrow a channel usiﬁg the saﬁe‘criterion as in b)

above, except usifig the minimum distance as (Y+K),
>

" where K-l,gorBJ - This added distance between cells

d}

using - the same channel is for the purposes of

facilitating\;bbiles, which are currently receiving

. service, to go acress cell boundaries and still kegp

the same channel. They would, if necessary, just
changekgﬁe base transmitters serving them.
This strategy is called the mean square (MSQ)

assignment strategy, since it minimizes the quantity:

p.. + , Y njs 2Y (4-2)
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for‘the available channels, - Each channel is checked
at cells in the interval (between y and 2y }. D is
‘the dlstance between the assigned coverage cell ‘and

the cell currently using the same channel within the

'speciffed interﬁal and n is the number of cells USing

the same channe;_uithin the interval: - If . n=0 for

some channel, that is, if the channel is not in use’

in any cell between vy and 2y ,then the first suép

channel encountered is assigned to serve the call.

It'has been shown that - "the very first channel philosophy

gives the best~'overail performance in terms of blocking -

probability, system throughput and percentage of forced

terminations [1,23].

' 4.4 FIXED VS DYNAMIC CHANNEL ASSIGNMENT SCHEMES

" The two aboye cases have beenhétudied guite extensively,
and the results from system simulations have shonn that for
low blocking probabilities, the dynamic sysgem perfOrms much
better than. the fixed channel ‘éssignment 5y;:em. - But for
very high blocking probabilities, the (FCAS) performs better
[16,1,23,19,9]. At light traffic loadings the (DCAS)

‘ technique blocks fewer calls. Ho;evér, the fixed system

outperforms its counterpart at and above moderate offered

traffic. This inferiority experieﬁced by the dynamic system

is a conseguence of the fact that dynamic channels are

I

R
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assigned to serve random calls originéting in cells yhich

are spaced apart a -distance generally greater than the

minimum lrequired reuse seperation distance. Thusg the

channels cannot be used most efficiently [24].

In addition, dynamic systems require a rather complex
centralized control system, and are difficult to analyze. In
fact, computer 51mulatzon seems to be requ1red for analysxs

as well as for design and optimization [2,20].

4.5 HYBRID CHANNEL ASSIGNMENT SCHEME (HCAS)

In the (HCAS), we employ a mixture of the fixed and the
dynamic channel assignment schemes. ‘In this scheme, the
total number (T} of available radio channel is first divided

A

of - chg sets governed by eqguation (4-1). Some of the

channels available to the system are assigned on a fixed

basis. _That is, ‘certain channels can be used only at .

specified base stations, assuming a’'static aSsignment scheme
and observing the minimum reuse distance y. " 1f the

spatial distribution of the offered tqaffic is unifdtm, then

.. the @ve;age'number of channels per cell will be given by :

L]

. M= T/N (4-3)

into’:;:ifnnél sets, where N is the minimum required number
1

R TR
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After the preliminary division of channels, each of the-N
channel sets is partitioned into ; number of fixed channels
" (£} per cell and a number of dynamic ;hannels-(d) per cell
such that [6,7,22]: | '

f+d=M . (4-4)

L™

The optimal channel partition ratio f:d which will yield
the best system performance dependS"gﬁ?the offered traffic
loading. . The channel set (4d) cohtiins channels that can be
‘used in any ceII/;n theWSystem,; to handle -any statistical
fluctuations in'offgred_traffic; usieg:the‘DéAS. Thus there
are altogether Nd dynamic channels in éhe central pool,
Yhicﬂ can be tempo;?;ily bdfrowed for service by any cell in
the system provided the co-channel interference constraint
is respected there ;t the time of borrowing. All the«(f)
fixed channels are to be exclusively used in their hominal

‘cells.

The partitioning of the channel sets yields an average

number of channels per cell given by :
m = £+Ndj/I1.C ) i {4-5)

wvhere 1I.C is‘ the number .of cells contained in the
interference céli géoup (1CG) ,of'the cell and j the number
of ti@es each djnamic-channgl csn be reuﬁed within the ICG.
Tﬁus, ﬁhe'average humber;of channels per ceil, «after the
divisi;n, is less éﬁan'before the division. |

' -
' o . : .
i/ 4
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<" In (HCASf, the search of a channel is first made,thrbugh

the fixed channels allocated to the assigned coverage area.
1f ;hefg is‘a fixed channel available 'in the assigned
transmission area, that channel is. assigned to serve the
call dﬁtempt. If all fixed channels ére in use, a channel

search is made through the dynamically assignable channels

~and will borrow ‘the eligible dynamic channels from the’

central pool to service the call, ‘provided that the
co-channel interference constraint is satisfied at the time
of borroiikg in the cell in "question. If no such dynamic
channel is available, the call will be disposed of according

to the service discipline.

3

For Erlang-B traffic, a system adopting the (HCAS), and

assuming that there are no cell boundaries crossings for all.

' calls-in-progress, _gives better overall perfo;mancé than

either the fixed or the dynamic channel assignmentyschemes
at low to moderate traffic loading. As the system becomes
heavily loaded the (PCAS) prevails over the other schemes
[6,8].

e dirnid -
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Chapter V
. THE "HAND-OFF" ACTION

5.1 INTRODUCTION

"All new high-capacity cellular mobile radio systems
designs feature 'hand—off;; a method of providing contiquoﬁé
service ‘to a mobile wunit moving between cells while é
conversation is in progress. The hand-off procedure is

acdomplished "by instructing fhe mcbile  to change to an

e
adjacent cell frequency, when the signal-to-noise ratio

degra&es to a predetermined level. This requires the MSO tb
know at all times during -a call the vehicle!s approximate
location. Initially an appropriate: channel is'assigned'to
the mobile from the set of channels being used in the cell
in which the mobile is temporarily located. When the mobile
later chaﬁges cells, the MSO must7~assigﬁ_to.the ‘mobile a

channel from the new (adjacent) cell's set. However, since

the mobile's movema:} may also require the needﬁfér a new

base dkation, the MSO must be prepared to switch the call in

midconversation, from the channel associated with - the old
‘base station to another,channel associated with the new base
station. This process, called a hand-off, must be closely

synchronized with the channel retuning process in ‘the mobile

- 50 -

e vesiniiniad .
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unit in order to reduce the customer's "break interval”,
i.e., interuption of the conversétion, to a tolerable level,

hopefully below that which he can bear [4,6].

5.2 HAND-OFF PROCEDURE

fhe hand-off procédure, as designed by the AMPS system in
Chigago [22], is controlled by a powerful centr&l éomputer,
wvhich AT&T calls a mobile teiephone switching office- (MTSO).
Fig. 5.1 illustrates the hand-off method. The MTSO is first
alerted by the cell site (in this case cell 1). that an
iﬁ-progress call on channel A/M is operating at an

unaéceptable‘signal level, In Fig. 5.1, this has occured as

mobile unit moved qgf'of cell 1 (position ¥) and into cell 2

(pésiéaon X). The MTSO requests all cells adjacenf to cell 1
to sample a supervision channel to determine thch cell site
is ciosest to the mobile unit. In this case, cell 2 wins.
The MTSO signals both cell sites and the ‘mobile unit to

prepare for hand-off.- o

*

-

At a'given instant, the MTSO switches the wire 1line
connection away from the cell 1 landline to  the cell 2
landline; cell 2 begins transmitting on channel V/3; celll
ceases transmitting on channel A/ﬁ, and the mobile unit
retunes itself from channel A/M to V/J. _TPe entire process,
which takes place in'a matter of milliseconds, in effect

rerouting the call to a nev cell site (or base station), on
/ . . . .

LIPS -
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MOBILE UNIT ON FREQUENCIES A/M
IN CELL 1 MOVES INTO CELL 2. MTSO
AUTOMATICALLY SWITCHES BOTHCELLSITES
_— AND MOBILE UNIT TO CELL 2. FREQUENCIES
¥/J. SIGNAL STRENGTH IS MAINTAINED
+ WITHQUT INTERRUPTION.

Flg 5.1 Block Schematic of the "Hand-off"
........ Procedure (diagram taken from (22])

TP Y
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a different channel, with no perceptible interruption in the”

call.

5.3 . CHANNEL ASSIGNMENT FOR THE "HAND-OFF" CALLS

Vehicles crossing cell boundaries and_requifing new base
station and radio channel assignments produce the following

effects: .

1. The average call duration experienced by eacgucell is
shortened since a call exiting a cell vacates a
5phannel prematurely.

2. The -effective call attempt rate increases by the
boundary éroési;g rat;, since a call.entering a cell
requires a channel in the new cell just as a call

attempt originating in the cell does.

3. Some calls are forced to terminate prematurely
becatzz;:chanhels are not évailable for their
conti ion after they enter new tells.

Items 1 and 2 considered together do not affect ﬁhe;
traffic offered. The effect of item 3 can be minimized by

giving priority to boundary-crossing  calls in progress over

new call attempts [6].

This section presena three ‘channel assjignment schemes
namely the fiied, the dynamic and the hybrid channel

assignment schemes, as applied to the hand-off calls.
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%

5.3.1 Fixed Channel Assignment Scheme

_In the fixed- system,‘ when the callFin-progréss is
crossing a cell Loundary'into an adjacent cell, it ?illlhave
to ba served by the base station of the new cell into which
it is entering. Since the new' cell has its own ‘nominal
channel set  which is differgnt from tﬁe channei"éet
allocated to the former cell, ' a new fixed ehannel will have
to. be-assiéned to service that é;il. This switching of
channels is called the "hand-off" and is performed while the
call is still in progress. 1f no idle fixed channel is
found in th; new cell, the call—iﬁ-progreﬁs, on éntering
into the new cefi, will be. forced tc a premature,

termination. .
5.3.2 Dynamic Channel Assignment Scheme

In the dynamic systeﬁ, if the vehicle Has moved closer to
another base station, that "now closer” station must be used
to serve the call. The ?figinaily assiéhed dynamic channell
is then checked at the new'Ease siation used and at all base
stations within a reuse interval of the new one. If the
channel passes this check, that is, is not in use at those
stations, the new base station and old channel are.assigned
to serve the ;all and the old base station is cleared of the
call. If the old channel'is in use within a reuse interval
of the new base station, then a whole new dynamic channel

e
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search is initiated, identical to the one used for new

call-éttempts. The only diffgrénce is that, if a substitude

channel is not available, the call is forced to.terminate

instead of being refused [1,2].

B

-

.5.3.3 Hybrid Channel Assignment Scheme

. 9 . ‘ )
Just as -'in the case of new call attempts, the hybrid

éystem is a mixture of the fixed and dynamic systems. Such
system will be described later in detail when the system

development will discussed.

-

O T
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' DEVELOPMENT -OF THE SIMULATION MODEL

6.1 THE ""HAND-OFF* PROCEDURE '

* 6.1.1 Description of The Cellular Simulated Svstem

G

- The system to be simulated is illustrated in Fig., 6.1. It

consists of an array of 37 hexagonal cells. Each cell
contains one base. 'station.’ The following general
assumptions are made:

1. The mobiles are identifiable entities and can tune ‘'to

any channel.- The channels used are dictated by the

.

base stations. N

2. The  base stations can transmit' on any borrowed

frequency at all times. The frequenc:es a<e assigned

to them'bykthe'MSOZ_

3. The ﬁbwer level radiated from a base stat:ion antennd

is sufficient to givb an adeguate SNR ratio at the

cell's boundary. Thus the coverage limitation is due

to the co-channel interference.

‘4. The service time per call ’s assumed tc  be

‘exponentially distributed, with a mean of 120 secs.

-5, All <call arrival times are drawn from .a PpiSSOn‘

process with the same arrival rate (: calls/hr). Thus

the loading wil]l be:

-l

Ve
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R 3.%— = — (Erlangs) (6-1)
: | . 3600 30 o
. 6. The first available _channel in 'the search, that

satisfies the spacing’ constraint v , 'is borrowed for™
use.’ ‘ E : .

7. For an hexagonal cellular layout the relationship

between D/R and -the number of distinct channel sets,

N, required is given by:

-
Q - . T
Y= — =4f3% : (6-2)
R »
In the simulation model, .N is taken to be 3 and
consegquencliy the minimum reuse distance s egual o 3
o .cell radii. Alsc, the numper cf members (IC) :in the
s "t ICG eguals T . :

B. All cells are of uniform s:ze anc shape.

evelopment s based on the

_practical definition of a cell. The exact shape of the ceil

’ -
The simulation model under 4

is not changed in this study, but the model :itself can
accommbdate any shape of cell. A mobile is simply assigned
"to the nearest base station. If at some point while a

. !,.
is in progress the moblle moves closer to Some oOther base

[+
it

. [} .
station, ‘a boundary crossing is sa: ¢ have occurred

<

this fact is noted.

AT

a
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"

. Transactioﬁs_ (xﬁt';) foF the system as a whole are
ggn?ratéd, at time intervgls ipécifieg::Ey an exgégz;;ial
distribution (thefoC's represent mobiles). The;XAC's piék'
| up random (X,Y) coordinates and a velocity vettof\(V*,vy).

The nature of the distributions: for (X,¥Y) - & (Vx,V") is

Y
detailed later. = The following test is then performed 37
times: | _ ' ; ‘. .
' d’-(x-xi)';(Y-Yi)’; i-l,é}....,37. Test 1
vhere: o

(X,®)=current position of mobiles, and
(X; ,Y;)=location of ith base station.
The minimum value assumed by d' is then used to assign the

mobile to a base station.

Next a search is implem?ﬁted to find ;‘suitable fixed or
dyﬁam}é svoice channel. .For-,-this seatch GPSS coding
developed ‘in [i3, op- 55] can be used. 1f the search is
successful, éhe mobile fpickg up” a call holding time from
the exponential distribution; otherwise, the cail attempt is
tefminated-according,to Erlang-B discipline. o )

At regular intetyals.of simulated time (or cycle time, °"T.
"), say 30 seconds, tests are p;rtormed on all calls which
are still active. Fifsf, a nev (X,Y) coordinate is computed
"using Ehe cld coordinates and the velocit; vector; that is:

it the new coordinate is (X,Y), then:

x-x+v¥15

YeY+V, T,
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. Sedond,ﬂ‘the fbliouing test is performed to determine ‘if
the mobile has moved outside ‘the outer perimeter bf the

system:
‘_d’>1.1R'? Test 2

vhere d is the separation of mobile from nearest base

.station, and R is the,cell‘radius.

The premise upon which this tes;ris based is that, -while
within the confines of the system, ‘the mobile éin qevér,be,‘
further than a distance R from the nearest base station. If
d* is 10% greater than R’ then we say that the mobile has
left the system. (The additfonal 10% qllon some leeway for

the cross-hatched areas of Fig. 6.1). .

Third, test 1 is performed 37 times and a base stggion
numbér.assigned to the mobile. The new base station nuﬁbér
is compared with tﬁe previous base station number to
determine if a boundary crossing has indeed occurred. If so,
a counter is incremented by one; if nof; the counter remains
unchanged. 1f the mobile has entered a newv cell, a new
channel search must be ini:iated.k- A counter is incremented
by one if the seagch is sdécesétul; ‘another couﬁ:er is
incremented by one it the search is unsuccessful. '

n- DR <
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Pinally, in the assignment of velocity components Vy and
vy, currently, 50% of mobiles iill'habe a vx component and
Vy component, 25% of no?rlgs will have a V, component only \\¢/ .

" and 25% of mobiles will have a Vy component only.

L
.

.

6.1.2 Geherafionfgg Random Position Coordinates (X,Y)

The intention is to generate call attempts which are
uniformly distributed in space and which constitute a
'Poisson process in time, -For the: call attempts to be
luniformiy distributed in space it is not merely sufficient
that the X and Y coordinates; be independent uniformly
_distrfbuted random va;iables._ This is a result of the shabe
of an individual celi and of the overall system of cells
(both‘ are hexqg;nal). - AS an explanation, consider the
following illustration: if the X-coordinates ue:p'inAfact'
unifo;mly distributed, then the probability that the random
X value fg}ls in a small’ range about X=0 wvould be identical
"to the probability that the_x‘lvalue falls in a small range
-of the same size centered about X=4¢.5R, for example (R=cell
radius). Now if the X value wvere near zero and a uniformly
distributed Y value vere computed, then the call attempt
could fall in any of the s?ven cells: 1,2.3,....,71ﬁ 6n the
other hand, if the X value were near 4.5R, :ﬁen the call
attempt could only fall in one of the #four cells: 30,31,32
or 33. As a rgsult; vhen a simulation run.wvas completed,
there would be progressively more c;li aéxempts.in those

cells with larger X-coordinates.

Y

%
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s The solution which has .been implemented is to use a

~

-probability density function as shown in Fig. 6.2 for the
AW . .

X-coordinate while retaining a uniform distribution for the

Y-coordinate. .
p(x}
87
Vvi.é' T K 1
3
RS
kl-
0

. Fig 6.2'.Probability Denéity Function
- 0f X-Coordinate ' .

For example, lﬁhe probééility of choosing cells 11,12 or
13 which lie along X=1.5R, is 3/2 times as great as choosing .
cells 32 or 33 vhich lie along Z=4.5R. From Pig. 6.2, we can

write:

p(X) = -(K;/6R)X + (7/4)K  for 0<X<5.5R .

o . . -~y

*
L]

Since fp(x)dx = 1, it is possib to de:_grmine K1:

.5R T
Kl p(X)dx = 1, therefore K
o . -

.1408/R.

k]

ok
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Thus p(X) = -(.02347/R*)X + .2464/R, 0<X<5ISR. - -\;
X
And finally: P(X) -_fp(x)dx-, or:

: : o .
P(X) = =(.011735/R*)X* + (.2464/R}X, 0<X<5.5R.

]
BY

The inv_e?s_g comulative distfiBution E_uhction is found by

solving the following equation for a given value of "U":

(.D11735/R*)X* - (.2464/R)X + U = 0 i

. Where: U reéresents, a random number uniformly distributed
between 0 and 1. The numerical regsults for different values

of R are tabulated in appendix A. 3
. ¢ '

The steps followed ‘in the initial assignment of a -

location to the mobile are: o - S

1. Drav a random X value from the distributien tabulated
A
(in Appendix B}; call this va],ulg X .

2. Calculate Yy a-(l/.@)xl +%§R, for a give'n R (see
Fig. 6.1). . _
3. Multiply Y, by a random number \;niformly distributed
betwéen 0 and 1; label the new value of ¥, T,. o
J/;q\hultiply X, by +1 or -1, and ¥, by +1 or -1 such that
the follovmg ordered pairs are equally l‘zkely.

(x, r ) (-xl T HE )R )

——
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s,

The Vy, and Vy components of the velocity are truncated

.

Gaussian random variables with means of zero metres/ses,

-

standard deviations of 13 metres/sec and maximum values of

27 metres/sec (these values was used by Cox and Reddink.TZQI).

~ Because of the truncation, it is necessary to modify

f(v) by some constant factor. "c” in order that:

27 . .
cf £(v) dv = 1, therefore :

-27
: 1
c = = 1.042
_\ 1l 27 _g2
13721 /_,,
Thus : ) v'
1.042 2
F(v) = — e $7/338 ds, {v|s 27
| 13728 _
=27
f(v) .
A
-

.6.1.3 GENERATION OF RANDOM VELOCITY COMPONENTS (vx,v"’) s

-27 . 0 ' S 27

Fig 6.3 .Probabilitylnéhsity Function of” the
- Velocity Components o

2Tl ks atiiad



To tabulate the inverse cummulative distribution function

for the random V and V components‘of the velocity, the

following steéps are performed:

i)

Set P(v)=U

ii) Solve fdr *"v" by using the error‘iunction'tablg for

the following values of U: - .

u=0,8.05,0.1,0.15,.......,1.0-

Also the following assumptions are made:

4

6.1.4 Channel Types and Reassignment Method

1.

All distances should be spegﬁfied in peters. The

-

reason is. thgp'after a random . X 6r Y coordinate is
generated, the values are ?utoma;ically truncated to
the nearest integer by GPSS. If the units are
fmétres'}‘ then the maximuﬁ"ér;or that would result
from this truncation is 1 metre. In contrast, if the
units were in kilometres, ‘then the error could be as
much as 1 km. . ‘

All the statistics should be calculated only for the

central 19 cells. This eliminates "edge effects”.

e 6.1.4.1 Channel Types

The simulation program has been made as flexible as

possible and allows for four tyﬁés of voice channels:



1. Nominal fixed channels: A channel assignment on a
fixed basis to cell 'i'.(tgpe A).

2. Fixed "hand-off" chanﬂe}s: A small group of channels
in cell 'i‘, assigned on a permanent basis, aqd to .be
used only for® hand-offs and when a nominal fixed or
nbminal_&ynéﬁicﬁchanﬁel is not available (type B).

3. Nominal dynamic channels: A group of channels which

'may be used. in any cell provided the co—chapnel
interfereﬁce constraint is met (type C).

4. Dynamic ;hand-off' channelgz A group of. chanﬁels
which may be used in any cell only when all the
following conditions are met (type D): .

i) May be used for hand-ﬁif purposes only. That is,
for continuation of ‘a call 'whén a boundary

crossing occurs. ' .

ii) There are no nominal fixed channels-available,

iii’) There are nc nominal dynanic'channels:available,

iv) There are no fixed "hand-offf channels.available,

and . : ‘ - '
v) The  co-channel interference constraint is

’ satisfied.

Previously, a typical channel 'division ratio might have
been f:d=8:2 [13, pg.55], indicating 8 fixed channels per
cell and 6 dynamic dhanneis for usé by the édti;e system,
Now, 1in the most generél éase, "f" is further divided intp
“types "A" and "B" and "d" is divided into types "C" and ;ﬁ'.

As an example:

| ' 66
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A:B:C:DLS;Z;I:I

_ would signify 6, "type A" channels and, 2, 5tfpe'B” channels

per cell plus 3, “type C", and 3, “type D". channels

available to the entire system.

.

6.1.4?2 Channel Reassignment Considerations

Channel reassignment must be carried out when: ' l 5.
1. A mobile}'érossiﬁg a cell boundary, vas using a fixed
*hand-off" or nominal fixed channel idAthe old cell.-
Such a mobile must noJ find a new chénnel in the new
cell énd also release: the old fixed channel.  The
released fixed channel can then bé used to free a
dynémic channel (if any) being used in the old cell. )

2. A mobile usih§ a -nominal fixed channel or a fixed

"hand-off™ channel terminates its call.

The priorities dﬁring channel reasé'gnment are:

a) A noqinal fixed channel can f;eé a nominal dynamic
channel or a a}namic "hand-cff" channel for further
use. _

b).A. fixed "hand-off" channel " can free a dynamic
"hand-off”™ channel bﬁt not a nominal dynamic channel.

¢) In all cases, an attempt is first made to free a

dynamic "hand-off" channel for further use. If there

are no dynamic "hand-off" channels 1in use in a

particular cell, then an attempt is made to free a

nominal dynamic channel.
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t

The above channel reassignment policy is reflected.in the

flowchart ~of Fig. 6.4. ' .

R

. -
A MOBILE USING A EIXED CHANNEL (TYPE A OR TYPE B) HAS
JUST COMPLETED A CALL OR JUST LEFT CELL '"i".

THIS SUBRSUTINE IS NOW EXECUTED

[ 3

Fig 6.4 Channel Re-assignment
“y— Policy

ARY
DYNAMIC (TYPE
D)CHANNEL IN USE
IN CELL 1

NO-

RELEASE DYNAMIC
. CHANNEL (TYPE D) '
\ 4 | FOR FURTHER USE :

SIMPLY MAKE TYPE B
CHANNEL AVATLABLE
AGAIN IN CELL

JUST EXITED

WAS
OBILE USING
TYPE A OR B FIXE

CHANNEL
l’

RELEASE DYNAMIC
CHANNEL (TYPE C)
FOR FURTHER USE

FLl
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6.1.5 ThoAStaEisticsdgﬁ Interest

1. Blocking‘probability'(initial assignment):

# of Call attempts not finding a Channel

. P, =
b . .
- ‘ . Total Call attempts

2. Forced term1nat1ons, occur1ng when a mbb1le crosses a

cell boundary and cannot find an avaxlable channel

-

' 8 of Calls forced to terminate when a boundary
crossing occurs :

Py = \
# of boundary crossings

6.1.6 ° The Simulation'FIow-Chart.

The,simulation model can be eas;ly followed with the a1d‘
of the flow-chart's represented in Fig. 6.5 and Fig. 6.6.
The first flow-chart represents the main program and the
‘secoﬁd_flow-chart _represents the subprogram for opdate of
| the mobilé status. For the channel assignoment flow-chart,

please see the reference [13 PP. §5].



6.1.6.1 Main Program

. ‘ The incoming calls arrive in the system according to the -

< Poisson distributidn.' Each call’ is assigned an initial

pos1t10n in the system: a Random (x Y) cootd1nate pazr. In

B

order for the call to be served, it _15 asszgned to the
negrest base station and given a velocity according to the

truncated Gausslan distribution.

~ " . . 4
. ~

After the call completes these three steps, it searches

for a nominal fixed channel. 1If none are available, then it
searches for a nofminal dynamic channel. This search is done
~.in the same manner that was developed in . the past for a

4 . ,hybridosyétem with Erlang-B discpline {13 pp. 55].

If the" ca&L~§alls horfind -a nominal channel, it will be

rejected by the 1. If it is successful in the search

it then engers the split box of the flow-chart in whlch a

copy of the XAC s 1is: mad; and sent to the‘ advance block to
serve out the holdlng time of its parent (the mean holdlng
time is 2 mlnutes ahd 1ts dlstrlbutzpn is exponentlal) The
copy un11nks 1ts parent from the user chaln, "ACTIV", once

‘the call holding time has'exp1red. 1.?ne channel 1is then
) : N : :

a&ailéble again, The parent “@copxjare thén terminated.

v L -

-

- " the user chain "ACTIV".

| o G .
The parent XAC was sent from the split box to be linked.to-

a7
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‘ 5.1.6:2 Subprogram for Update of the Mobile'Status

e : ]
~ -
»

. This subprogram is used to control: the active mobiles

(calls) for the successful éontinUation of their cgﬂlst.

-

First, the calls will be sent one 'by one every 30.
seconds, then all the collected calls will be withdrawn from
‘the chain "ACTIV" to be sent one by one every 30 seconds to

-find the nearest base station.

The mobi}es‘ that find, 6 their base stations successfully
are subjected to two tests. The fifst test verifies whether
or not the mobiles are still ‘'in the systeﬁ. - 1f not, they
must leave :;he system imﬁediately. Otherwvise, 'they are

'subjected to the second ‘test. The second test involves

determining if the mobiles are still in the same cell that

h
-
3

were initially'chosen. If the results of this test indicate

that the mobiles always occupy their own cells, then the

-

.current channel assignment is acceptable. Next,. a random
selection of half of the . active mobiles maintain their
previous velocitieé. Tﬁgée moSiles 'are‘re—liﬁkeh  to the
'uﬁer chain "ACTIV" with no further processing The
r;malnlng moblles have their veloc1t1es re-initiated to zero
and then have ngw values chosen.for ‘their yelocxt}es. The;

.aré_then‘kerlinkéd to the user thain-"AGTIV". :

-
) . ¥ .

If the results of the second test 1nd1cate ‘that “the .

4
e/‘moblles are occupyzng new cells, ~then these moblles ‘are

?
14
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tested further to determine if they used dynamic channels in
their old cells. 1f they were, then it must be shown that

the interference rules are satisfied in the'neu cells. 1t

the rules are s;tisfied, then theﬂmobileS'\affec:ed can be

‘treated as though they.didn't change ‘cells. Mobiles that

'did not satisfy the 'int:;fenence rules must be handled

separately. These mobiles “will have to search for new

nom;nal channels. If thé search is successful, then these

mobiles will :verify their, gelocities and be grouped with

. - :
mobiles that didn't change cells.  If the search was not

.;uccessful, then ihe calls will sear¢ch for a new™ type of

channel: X-"hand-off{" channel.

fg)h d-off channels are available, then these calls will

o ‘ . L Y

be served. -{f shand-off channels are not available, then
'_these calls will be forced to a premature termination.

Al / PN

THE LNCREASING OF TRANSMITTER POWER METHOD

.1~ Method Description

4 ~

A ‘second solution to solve . the problem . of * signal

Y

attenuation when a mobile unit is far away from the local"

bagi;‘station,' 'is’ the transmitter power method. This

involves . increasing the:. .transmitter power of the base

station, so that the mobile can retain it's gﬁibinél channel

(and hence fhe_?i}qinal.basé station) as it crosses cell

boundaries.

.
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The model tﬁ,be developed for this method is thé same as
vas developed in the previous section with some

modification.

Since the transmitter power of the base_station in a cell

is enough to service all é;:V\cails within that cell only,

the pover must be increased to service the calls in progress .

- while the mobile is outside of the Triginating_ce;l. s

Since the mobile unit is to keep the same initial channel
. § 2 . .

£ : i i i .th 1 - -off"
or the entire holding the of .the ca 1, ,ehggd\y

frequencies are not needed. The guestion here is, what is

the additionai'bowér'°needed__sq‘ that the probability of

. Cal . . ’ .
"switching” frequencies is reduced to 2zero?. When the
mobile wunit enters an adjacert cell and is still lbeing

serviced by the saméachannel, the co-channel interference

problem arises when the ICG of the new cell contains at

least one busy chanﬁel.IHence, the average of the co-channel .

interfence must be also considered, ’

A

L %

6.2.2 System vaelopmeht;
, . B

The; model of “transmftter.power ~increasing method, is ;A

oﬁtéin?d by mqk}ﬁg a number of- moﬁificaﬁions. to 'the‘*.

flow-chart shown in Fig. 6.6,

When a call .in proggégg crosses the boundary\ of the cell

from where ittziiginated, to an adjacent_&el;, i%s distance

~
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-'17

d from the old base station is compared to the distance *

. (R+aR). The value "aR* is the additional disténce {a

percéntage of the cell radius) given to the call so that the
call can keep being servzced by the same 1n1t1a1 channel. If

the d1stance d is found to be greater than (R+aR), then this

- call vill need to be switched to a new channel; that is the\\\ o

"hand-off" procedure will apply, 4

Otherwise, the existance of co- channel interference must be
tested for. If the ICG of the cell in question contains any
busy channel, a counter will % 1ncremented by one. *This
increment of od% represents one occu;gknce of- covchannel

interferénce. Another counter will be ﬁncremented by théw\\;
d

" number of the busy channels in the ICG. This secon

increment represents the number of channels interfering'with_‘
the.channgl in question. The counters will remain unChangéd
if the ICG does not-contain any busy channels. ;5 / .

-

. ] SN
At the end of the system simulation,- two guestions have
to be answered: what is the addltxonal pawer needed for the

call to keep the same initial cthannel?" and, what is the *

average of the co-channel 1nte;fgrence produced?.
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Qf o smumr;ouhssﬁms( *

‘The cellular system shown in Fig. 6.1 was simulated.. The
- simulation was ' performed using -the simulation pack;ge

GPSS/360 on an AMDAHL 470/V7A computer. The simulation was

started c’wi.t:h no calls in the system. Statistips' vere - : ‘\_
.collected at the ggd of eaéh simulation run. The traffic is-
uniformly distributéd'oﬁer the cells. 37 cells were used
because of fhe'constraints‘iﬁposed by GPss [10,11,12]. The
performance data is accumulated from the central\portxon of

the system (19 m1dd1e cells) . wh:ch is representat1ve of an
infinite ,system.  The.reason for using an infinite cellul;r
' layout is.to‘ overcome the edge effects. _Using a finitef'._
systeﬁ, cells near the edges of the system will have fewer-
ne1ghbour1ng ‘Cells to induce co-channel 1nterference. The . .
cells :around. the edges have 1nsuff1c1ent nelghbourxng cells N —
. to cause calls to be bloqke¢, whgreas the central;y located
cells have numeroﬁs'-neighbéd;&ng celis. This results in a
h;gher probablllty of co~channel interference in the qyils )
~_or1g1nat1ng from the central cells tpan those q}igipgzang B

from cells at the edges.




. _ ' oL 3

7.1 THE “"HAND-OFF" PROCEDURE SYSTEM PERFORMANCE

In this secfion, the results obtained by ‘using’a fixed
system will be-presented. Recall that a fixed system is one

that contains no nominal dynamic chanpels.

E ] .

The analysis on1§ examiﬁés the performance‘6f'19,central
cells. This avoids the effects-resultiné from the boundary
6f the system.  The number of fixed nominal channels was
varied over four values while the number of " "HAND-OFF"
channels is increased from zero as starting value. Recall
that a "HAND-OFE" channel is one reservéd for a mobile céll
which has to chénge its ffeqUenéy in crossing the cell
boundaries.h It is used when “none of the nominal. fixed
channels are available. Three differént situ&fions la:e
studied: First, a system with only'noﬁinal'fixed chaﬁngls,
secondly, ' a-system with fixed "HAND-OFF" channels added to
the systém, and finally, a 5§stem with dynamic ;HAND;OFF"
channels ' replacing the - fixed "HAND-OFF" channels of . the
previous .case. _

f.‘-‘...‘k"‘: '
L ‘ ' . i ., .
'7:1L1 SYSTEM WITH gOMINAL FIXED CHANNELS ONLY

-

This system assumes that each cell has an equal number of

' nominal fixed channels.
S . ' \ - -
The simulation results of this system are presented in

Tables 7.1-7;§ and .Fig. 7.1-7.8. For four different

.
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'partitioné of - channels 05:0:0;0,10:0:0:D,lE:Q:D:Q,éO:O:O:O)

the p;obabilities'.-'__)biocking ‘the initial- calls are
approximately the 5::i\\jas those for calls coming frqm
mobiles éébssing the boundarg?s of. adjacent cells. This_ig’
bec;hsela call crossing the-bousaarf of a cell does not ha#e
. any special priority in‘finding a.chapqgl in thﬁ new cell,
It is considered to be a new call generatéé'within a new
cell. . Therefore, such a cail has an éqpal cpance of bging
served by a voice channel as any 'Etue'.newly. generated
call, '

~

These two types of the -prbbabilitje;’ of.blockingv‘are
compatible with the theoretical results for (Erlang-B) with.
some diffeéences due to the fact that’ thé mopileé Eire
assigned velocities\{which allowed them to move across ther
boundaries of adjacent cells, However, the same system was
simulated witﬁ velocities gqual'tq- zero and yie;deauresults
comparable to the theory. . |

¢ | |
7.1.2 System with Fixed.”ﬁANﬁ-OFF" Channels

<

'Here? the hand-off cal}s are givenﬂh{gher priority to be
served than.théfinitiél calls. This prioqitf comes .about by
adding a numbér of "HAND-OFF" channels in each cell., The
results of simulation ~are ‘shown in Tabl®s. 7.1-7.4 and Fig.
7.1-7.8. - I£ can bé founq,__from'thé-resuiés, that'qskméke--'
the ,probaﬁilities'oﬁ blocking of the calls in hand-off _
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status acceptably small, a 20% of the total number of nominal

.fixed‘ channels must be added to each ,cell, . as fixed

"HAND-OFF" channels., This applies to a system whose traffic

gives a grade of service-up to 2%. ‘In-other words, for 5

nominal fixed channels per cell, 1 fixed "HAND-OFF" channel

is needed to avoid blocking of calls in  hand-off

status,vhere the traffic corresponds to a gradé of service

of 2%. With 10 nominal fixed channels per cell, 2 fixed

"HAND-OFF" channels are needed,..etc. Experiments were made

. for the following partitions of channels: 5:1:0:0, 10:2:0:0,

16:3:0:0, 20:4:0:0.

Table 7.1 —_

. Y . a N N
TRAFFIC |  5:0:0:0 . [5 FIXED QEfNNELS 5:1:0:0
[ERLANGS] | SIMULATION ’ ERLANG-B SIMULATION

$Pb %Pt | $Pb | %P 8Pt
107 [ .32 o S .34 .36 0
1,5 .94 1.4 \3&:4 - {7127 o
1.7 .1.86 ' 1.56 | 2.2 | 1.96¢ . 0
1.88 - | 1.97 «2.27 3.0 2.65 .35
: e | : e
’ -
5 * -.,-—f“ .

.

g

-t
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Tab;e 7.2 .
TRAFFIC 10:0:0:0 10 FIXED CHANNELS| 10:2:0:0
[ERLANGS ] SIMULATION ERLANG-B SIMULATION
_$Pb %Pt $Pb $Pb $Pt
3.09 .11 .15 .1 20 .0
3.96 .26 28 .5 370
5.08 | 1.22 1.82 ,| . 2.0 1.62 0
7.5 7.21. . 7.46 - 10.0 6.6 - .7
Table 7.3
TRAFFIC 15:0:0:0 {15 FIXED CHANNELS| . 15:3:030
[ ERLANG SIMULATION ERLANG-B SIMULATION
. ' $Pb -%pf’// $Pb $Pb %Pt
7.38 .42 .8 .5 4 0
9.00 1.77 2.26 ' 2.0 1.49 .0
10.Q0. 2.74 . 2.68 3.5 2.87 0
TRAFRIC 15:2:0:0
| [ERLANGS] .| ~SIMULATION:
| $Pb. %Pt )
8.5 .93 .23 | - )
- 10.0 '2.70 © %55, . .




“Table 7.4
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1
TRAFFIC 20:0:0:0 20 FIXED CHANNELS| 20:4:0:0 .
[ERLANGS] SIMULATION . ' ERLANG=B | SIMULATION
| 'sPb eRt  %pb " sPb %Pt
. . | oo
12 .42 .53 ' 1.0 .64 0
13.5 1.98  2.31 2.4 1.56 .13
'14.0 2,70~ 2.67 . 3.0 2.16 0
<
-4 /
) +
: “‘ ' : -
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7.1.3-'.SZStenléisg.gzﬁa-ic 'qun-ovrf_éﬁanngls
In this model, the fixed 'HAﬁDfOPF' chqnnélglare téplaced

. by dynagid fHAND—bP?' cﬁannels. Such ghannels give higher;
priority ‘to the hand-off calls than the initial ¢al}sm
'HAND-OPF"cﬁannels--og 208 of the number of nominal fixed
chqnnels pet'cell, vere needed to eliminate blocking of the
.~hand-off callé for graae of service 6£ 2%. In this case,

\\\the number of dz‘i‘§¥ '
thi; same objective is 26.7% of the number of nominal fixéd

"HAND-OFF" channels required to attain

channels per cell, For .example 4 dynamic "HAND-OFF”
ch;nnels per system (i.e. 4/3 channel per cell) are needed
for;tﬁé 5 nqﬁinal fixed channels per cell. For a‘sysiem of
10 nominal fixed channels, 2 dynamic "HAND-OFF”". channels per
cell are not enough to rea;h ghe objective, However, 8
"dynamic 'HAﬁD-QPF' chhnnels per.sysfgﬁ (i.e; " 8/3 channels

. per cell)._are 'enough to eiimihate' the blpcking of the
hand-off calls. For systems vith 15 and 20 nominal fiyged
channels per cell, 4 and,l§/3ldynaﬁic "HAND-OFF" channels
per celf are needed,respécti&é;y. In each case the number of
dynamic 'HAND-OFF' cﬁ;nnels‘needed per éell represents 26.7§

of the number of nominal. fixed channels per cell.,  The

simulation results are shown in Tables 7.5-7.8 and Figq.

7.9-7.12; _  ©
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The addifion'of fixéd "HAND-OFF" channels to the kysten

gielas a higher‘ pe;fbrnhnée (in terms of reducing-ﬁghe

_blocking probabilities of -the hand-off calls), than the

system with dynamic "HAND-OFF" channels. The reason is that

ipterfefence_tulqp'are not satisfied.

the dynamic channels cannot be used 'if the <co-channel

Table 7.5
. TRAFFIC 5:0:0:0 5:0:0:3*. "5:0:0:4%
[ERLANGS ] SIMULATION SIMULATION SIMULATION
& .
sPb  §Pt 3Pt $Pt
1.0 .32 0 ) 0
1.7 . 1.86 1.56 .99 0
2.16 2.9 2.76 .1.16 .29
Table 7.6
TSAFFIC 10:0:0:0 10;0:0:6*_ . 10:0:0:9* 10:0:0:8*
[ERLANGS] SIMUL. SIMOL. SIMUL. SIMUL.
| $Pb 4Pt $Pt 3Pt $Pt
3.09 .11 .15 0 0 0
5.08 1.22 1.82|  1.73 0 .0
5.9 — o 0 .35
7.5 7.21 7.46 3.93 .96 1.11




*: Number of dynamic hand-off ¢hannels in the. system,

Table 7.7 5
TRAFPIC | 15:0:0:0 | 15:0:0:9% | 15:0:0:12+
{ERLANGS]| SIMULATION | SIMULATION SIMULATION .

| APb %Pt APt . 3Pt

ﬁiﬁtaa .42 .8 0 0

| 9.00 1.77 2.26 .56 0
10.00 2.27 2.68 .34

J ' .
table 7.8 \
TRAFFIC | = 20:0:0:0 | 20:0:0:16*
[ERLANGS]| SIMULATION | SIMULATION
B $Pt Pt
12.0 .53 0
13.5 2.31 0
'14.0 2.67 L. ©
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Flg. 7. 9 Performance of S;hem with Initially 5 Nominal Fixed Channels per
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mic Channels in the System (1 or 4/3 Channel per Cell) Reserved for
the Hand-off Calls.
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7.2 THE INCRﬁASING,QE TRANSMITTERIPOWER;HETHOD SIMULATION

wy

_ The results of simuiation for four partitions qf channels

. are shown in Tabler7.9-7.18 .and plotted in Fig. 7.13-7.19. . -

It -is observed that the probability of hand—-eff calls .
déc;eases as 1 the additional distance of 'transmission

afforded by greater transmitter power is increased. This is . ) .
due- to ‘the ‘facF'that when the additional transmisSibn'
distance is 1increased, the cell fadius seems .to have
® increased and therefore the mobiles are more likely toxétay
yithin .a given cell and be éenviced by the *sahe base

station.

The probability of any call in the \s}stem Ed be in .

hand-off status decreases and becomes  zero at a distance of

1.55R and a traffic whose grade of service is 2% minimum.

The. corresponding base statién transmitter power should
be 2.4 times the initial transmitter power level. -In tﬁe
analjsis_of the co-channel interference results, it is found
that: ~
1. The co-channel interferenée increases with increasing-
additional transmission distance. The reason behind -
- it is that: by increésinguthej’dditional transmission’
distance, the interference region of the éell in T

.question becomes larger resulting in more calls
’ " )

A

F————
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'falling in that regio&. This in turn produces-more“.'

interference between the’ frequenéies serving ‘the

calls in-progress and the frequencies in the ICG.. °

Y
¢ | 2. The co-channei interference increases with increasing. .
- traffic for'ahy additional ;rahsmission distance and
i any partition of channels. this shown in Fig.
7.16-7.19. This can be explained as follows:' as the
traffic is increased, there will be more calls tn'the
\f ;ystgm and therefore more calls iqﬁ the interference
: region which will cause the co-channel interference
= to increase.‘ ; '
Table 7.9 o \ ,
5:0:0:0
TRAFFIC*= 2 ERLANGS
1% 22 | 3%[ a* | 52 [ 6% | 7+ | 8= or | 10% | 11+|
o 8s3[ 50 of -of o 0 o | o 07 |0
10| 16| 20| 217| 336[21.4 |43.4 2.3 | 17.7 67.2 | 3.5|
20 72 9i 333 539|17.5 |66.6 3.5' 28.4 108 5;7
30|, 29 4| 343 55§ 18:1 68.6 3.6 29.3 lil 5.9
s0| 6| 1| 303| s03(16.0 |60.6 | 3.2 | 26.5 | 101 | 5.3
- 50{. 0| 0} 345 5¢5/18.2 69.0 | 3.6 28.7 | 1os 5.7
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Table 7.10 |
10:0:0:0
; TRAFFIC*= 5.8 ERLANGS
12| 2+ [ 3% |4 [ 5x [ e | 7% | 8 o | 10* | 11
oj2e3s [47 | o o]0 o | o 0 o | o0
l10| s28 |22.3580| 869 |28.4 |s5¢ | 2.8 | 45.7 | 86.9] 4.6
20| 173 |10.6{809{1375 |42.6 [80.9] 4.3 | 72.4 [137.5| 7.2
30| 60 | 4.2|851|1396 [¢4.8 |85.1] 4.5 | 73.5 |139.6] 7.4
{s0] 19 | 1.4|865|1445 |45.5 |86.5| 4.55| 76.1 [144.5| 7.6
50| 6 | .5(866|1420 [45.6 |86.6| 4.56| 74.7 |142.0] 7.5
55 0 0 {895[1459 |47.1.|89.5| 4.7 | 76.8 {145.9 7.7
Table 7.11
-
lS:OﬁD:Q
TRAFFIC*= 9.3 ERLANGS
12| 2% | 3% [ax |52 | e* | 7+ | 82 9* | 10* | 11*
ol203s5 |s0.8] o of o o .| o 0 o | o
10| 503 |21.9| 758|1251{39.9 [50.5| 2.7 | 65.8 | 83.4| 4.4
20| 231 | 9.4{1120|1874|59.4 |75.3] 4.0 | 98.6 [124.9] 6.6
30| .78 | 3.7|1254|2094|66.0 |83.6| 4.4 |110.21[139.6] 7.4
40| 33 | 1.6(1260(2104|66.3 |84.0 4.42|110.74|140.3] 7.4
sof 3| .2/1200|2016(63.2 {80.0| 4.2 |106.1 |134.4 7.1
ss| o | o |12¢3]2088|65.4 [82.9] 4.4 |109.9 [139.2] 7.3]




N Table 7.12
20:0:0:0
- TRAFFIC*= 13.7 ERLANGS
N ST
1x| 2% 3x |4x |5+ 6* 7* | 8% g* 10% | 11*
/ .| ‘ -
0[2202 |50.6 0 o] o 0 0 0 o [0
10| 697 [23.6| 942]1573{49.6 |47.1| 2.5 82.8| 78.6| 4.1
. y _
20| 272 |10.0[1459|2437|76.8 [73.0| 3.84{ 128.3]121.9{ 6.4
30| 118 | 4.4[1596|2665|84.0 |79.8| 4.2 | 140.3|133.3| 7.0
. |a0| 38 [ 1.5|1699{2854(89.4 |85.0| 4.5 | 150.2|142.7| 7.5
50| 6. .3l1554|2611|82.8 [77.7| 4.1 | 137.4|130.6] 6.9
85 0 0 |1710{2873(90.0 |85.5( 4.5 | 151.2|143.7{ 7.6
Table 7.13
$:0:0:0 .
TRAFFIC= 1 ERLANG

1* g* 5% 6* I% g=® . §* ’ 10% 11*

10 151 | 224 | 7.95 | 30.2 | 1.59 |11.79 |44.8 |2.38

20 199 | .305 |10.47 | 39.8 | 2.09 |16.05 |61.0 [3.21

30 226 | 353 {11.89 | 45.2 | 2.38 |18.59- [70.6 |3.72

~1
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Table 7.14 & '
- L 5:0:0:0 "
. TRAPFIC= -2 ERLANGS
1* 4% 5% | 6% 7% | g% g% 10* 11
10 | 217 | 336 [11.42 | 43.4 | 2.28 [17.68 | 67.2 [3.54
. =V
20 333 | 539 |17.53 | 66.6 | 3.51 [28.37 [107.8 [5.67
30 | 343 | s56 [18.05 | 68.6 | 3.617|29.26 [111.2 (5.85
150 345 | 545 [18.16 | 69.0 | 3.36 |28.68 |109.0 [5.74
Table 7.15
5;0:0:0
TRAFFIC= 4 ERLANGS
L 5|  6*f 7% | g g* 10* | 11*
10 274 | 453 |14.42 | 54.8 | 2.88 |23.84 90.6 |4.77
30 | 468 | 764 |24.63 | 93.6 | 4.93 |40.21 |152.8 |8.07
50 | a12 | 676 121.68 | 82.4 | 4.34 {35.58 |135.2 [7.12
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Table 7.16

- © 10:0:0:0 .
“TRAPPIC~ 3.96 ERLANGS®
1 | a4 5% 6x| 7+ | gx | o* 10* | 11x
10 | 471 | 784 [24.79 | 47.1 | 2.48 {41.26 | 78.4 [4.13;
30 | 760 {1273 |40.00 | 76.0 | 4.0 {67.00 [127.3 |6.70
50 | 808 |1379 [42.53 | 80.8 |- 4.25 [72.58 [137.9 |7.27
Table 7.16 -
‘o 10:0:0:0
TRAFFIC= 5.8 ERLANGS
C1r | e 5* 6x| 7% | g* - g% -19* | 11
10 540 | 869 |28.42 | 54 2.84 |45.74 | 86.9 [4.57
30 | 851 [1396 [44.79 | 85.1 | 4.48 {73.47 [139.6 [7.35
50 .| 866 |[1420 |45.58 | 86.6 | 4.56 [74.74 [142.0 }7.74
e
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 Table 7.17" o
R | /-
! . . - 1030:0:0 '
TRAFPIC= ‘7.51 "ERLANGS -
1* | 4 s#|  6*| 7% | 8% | ov- [ 10% | 11*

10 562 | 947 |29.58 | 56.2 | 2.96 |49.84 | 94.7 ‘|4.98
30 890
50 .| 959 |1616 |50.47 | 95.5 | s5.05 85.05 |161.6%[8.51

1503 |46.84 89.0 4.68 |79.11 150.3 {7.91

ot

TRAPFIC*:
i*r
2.*
3*

-t

4%

5*

6%

. L

7%

8*

.interference per channel

Traffic gives a maximum grade of service of 2%
Additional transmission distance (%)

§ of crossing boundaries calls

% probability that the calls are in hand-off
status '

Total number of occurances of co-channel
interference during the simulation time

Total number of freguencies jnterfening during

the simulation time L

Average number of occurrances of co-channel -

interference per base station

Average number of occurrances of co-channel

4.

Average number of occurrances of co-channel

interference per base station per channel

g%

~ base station

Average number of freguencies ithSEering per
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N.B.:

Averagg'nﬁmber-of frequencies ihte:fering'ber
chanﬁel ' '
: Average number of frequenc1es 1nterfer1ng per

base stat1on per shannel

1 ——

All the sta;istics.calculaiions were made for the

'19 middle cells.
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& Average Hand-off Stafus of Calls for 19 Middle Cells
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Fig. 7.13 Performance of System with Initially 5, 10, 15 and 20
Nominal Fixed Channels per Cell ‘
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Average Number of Frequencies Interfering per Base Station per Channel

for 19 Middle Cells.

Fl

]
[

" 20:0:0:0 15:0:0:0

60
7\ —®
°t 5:0:0:0.
al ,
3]
‘2 3
1)
0 10 30 . 30 - . 40 50 60

.% Additional Transmission Distance.
Flg. 7.15 Perrorman:e of System with Initially 5,10,15 and 20 Nominal
: Fixed Channels per Cell. -



"

of Occurrences of Co-channel Interference per BRase Statidn

ver Channel for 19 Middle Cells

H
i

Averapé Nunber

e s R e N

. A | © 108
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Tig. 7.16 Performance of System with Initially 5 Nominal Fixed Channels per Cell
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for 19 Middle Cells.

Average Number of Frequencies Interfering per Base Station per Chaimel
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Fig 7.17 Performance of System w:.ty Initially 5 Neminal Fixed Channels per Cell.
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Fig. 7.18 Performance of System with Initially 10 Fixed Nominal Channels per Cell.
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Chapter VIII
' CONCLUSIONS

Previous simulaﬁions'of_cellular land-mobile radio commu-
nication Sysrems did ndt-ieclude tﬁe case of mebi;es crossing.
cell-boundarles. For—the specific case of uniformly distri- ' .
buted trafflc with the Erlang-B service dlsc1p11ne, Nehme and
Georganas [8,24] found that the hybrid channel assignment

scheme is superior to the fixed channel assignment  scheitie

» N .'-
-

(in the sense of lower blocking“probability for a 2% grade of

service).

This thesis has extended previous worksby simulating a

-

cellular land-mobile system that permit mobiles'Erossing cell

boundaries, For unifdrmly distributed traffic with the
Erlang-B service dlsc1p11ne, it was found that the fiixed chan-
nel assignment scheme is superior to the hybrid scheme (in the

above sense) The reason behind that is as follows: in previous

LS

' studles [8 24 6], without calls crossing cell boundarles, the
hybrid scheme performed better than 'the fixed scheme for a-gra-
de of service of 2%‘(thisﬂis the result of the simulation,studies

of the hybrid scheme in cellular‘iépd—mobi;emred;o systems); that

is, more calls are permitted to continue into a, new cell under

the hybrld scheme. Therefore, ﬁhe total ‘number of calls enterlng
[} i L \ '
a cell from its’ adjacent cells w1ll be more” with the hybrid@ scheme

1
S

o . - 113 =



114

: -
- b

than'if'the_fixéd scheme was used. It then follows that the
. _hand-off calls blocking probability will increase under the

-

- hybrid channel assignment scheme.

Two methods of handling the problem of mobiles“ crossing -

cell-boundaries were investigated in the simulation model:

1. The hand-off procedure, and

2. the transmitter power‘Ihcreasing method.

Using the hand-off procedure, the fixed system was first.
simulated by switching the nominal fixed channels when mobi-
les crossed cell-boundaries. The blocking probability of thef
hand-off calls was found £o be unacceptable. Hand-off -chan-
nels were added until the hand-off calls blocking probability
was reduced_to‘an acceptably émall amount (in other words, all
calls in-progress were serviced). I1f 6nly fix&QHEEEE:Off chan-
nels were added, then this point was ?eached when the number
of channels added was equal to 20% of the nominal;fixed chan-

" nels per cell. If only dynamic hand-off channels were added,
then 26.7% of -the nominal fixed channel per cell were needed.
The higher number of éhannels requiré&,by the dynamic hand-
off type is because of the fﬁgt that dynamic channels are
;ssignment to serve random calls originating from célis
which are spaced apart Sy a distance generally greater than
the minimum required.reuse separation. Thus the dynamic"

channels cannot be used most efficiently.
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On the other hand, in order to service all the.calls.‘

in-progress, ‘the simulation of the fixed channel assignment

scheme, hsing' the Increasing of Transmitter Power Method,

indicated the following:

1.

The transmitter power of the base station, required
to maintain a grade of service of 2%, is at most
2.4025 times- the power which is needed to service the

calls within only one cell (or an additional

'transmitter poﬁer of the square"of 55% of ' the

original power).

The co-channel interference introduced {(because of

the increase distance of transmission) increases -

- fairly linearly with traffic and piece-wise linearly

with the additional distance.
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NUMERICAL VALUES USED IN THE SIMULATION MODEL
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A.1. BASE STATION LOCATIONS OF FIGURE 6.1

‘Table A.l.l: Exact base station location in term of R

" |cELL | . .~ |cELL

SITE # x’ Y |siTEt - z S,
1 0 3/TR 20 | 3R -2/TR
2 0 2/TR| 21 3R . -/TR
3 0 /TR | 22 3R ] - o0
4 0’ o‘ 23 3R /3‘ R

“ s 0 TR | 24 3R . 2/TR
6 0 ~2/TR| 25 -3R 2/3 R
7 0 -3/3 R 26 -3 /I R
8 1.5k |-(s/3/2)R| 27 | -3Rr 0.
9 1.5R |-(3/372)r{ 28 = | -3 | -/FR
10 1.5k | =(/372)R| 29 - -3R . -2/FR
11 1.58 | /3/2)R| 30 . | 4.5R |-(3/3/2)R
12 1.5R (3/372)R{ 31 4.5R | -(/3/2)R

13 1.5R (5/372)r| 32 4.5R (/3/2)R
14 -1.5R (5/3/2)R| 33 - ~ "4.5R | (3/3/2)R

~15 ' -1.5R | (3/3/2)R| 34 _ -4.5% |- (3/372)R|
16 -1.5R (/3/2)R| 35  -4.5R (/3/2)R
17 -1.5R -(/372)R| 36 * =4.5R | -(/3/2)R
18 -1.5R |-(3/372)R| 37 -4.5R |-(3/372)R
19 o158 |-(5/372)R| |

: 117, .' .
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. Tablélh.i;zz Approximate base'stationilocation for-RslGODmetres(*)

-

A

118

CELL X Y CELL X Y
SITE # (decm)l ‘gdecm) site # (decm) (decm)
1 -0 . 831 20 480 -554
2 0 554 21 480 -277
3 0 277 22 480 0
4 0 0 23 480 277
5 0 -277. 24 480 554
6 0 -554 25 -480 554
7. 0 -831 26 -280 277

8 240 -693 27 -480 0o

9 240 -416 28 -480 -277 .
10 . 240 ~139 29° - -480 -554
11 240° 139 30 | 720 -416
12 240 416:- 31 720 ~139
13 240 693 32 720 139
14 ~-240 693 33 720 416
15 -240 416 - 38 -720 416
16 -240 139 35 =720 139
17 -240 -139 36 -720 139,
18 -240 ~416 37 -720 -416
19 -240 -693

'

(*): R=1600metres (or

lmile) is one of the cell radius used by

AMPS, The 4 values of R correspond to the cell stages of

development in the AMPS system are: lmile, 2miles, 3milesand 8miles.
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Table A.2:

ICDF for the

system for Rx=1600metres

) AN ey x . . -
x-coordinates_of the mobile locations in the -

“.
.

U X o X
(m) {(m)
-
0 0 .55 4062
.05 328 .60 2498
.10 662 .| .65 4949
.15 -| 1004 .70 5419
.20 1353 .75 5909
.25. | 1710 .80 | 6422
.30 *| 2076 .85 6961
.35 2451 .90 7532
.40 2837 .95 B141
.45 3233 1.00 8795
.50 3641 |

o o 119
A.2 INVERSE CUMULATIVE DISTRIBUTION FUNCTION FOR X
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. Appendix B _
GPSS ENTITIES USED IN THE SIMULATION MODEL.
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B.1 TABLE OF DEFINITIONS

Time unit = lmsec.

Distances unif = ldecamtre -

B.2  STORAGES

The only storage used is called "SYSTM". All calls enter
;svgyni. . After a steady state |is ré;ZHed‘ all statistics
collected ué to that point are cleared and all transactions

-.removed from the model except'for' thoée iﬁ “SYSTM”. The
simulation is then reatarted from the steady state point.

B.3 USER CHAINS

There is a single user chain called "ACTIV" which may be
regarded as a‘poof of mobiles actively engageé in a call. At
each update of the simulation ¢lock the "mobiles“ are
unlinked from the chain one-by-one, their position, chénnei
assignment etc. Updatéd and then returned to the user chain
"ACTIV". )

-+

B.4 GROUPS

Group "i"™ (i=1,2,3,.....,37) contains all mobiles using a

dynamic channel (nominal or hand-off) in the cell "i". .
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B.5 LOGIC SWITCHES

'Ldgié switch "i" (i£1,2,3,.;...,37j, when set, indicates

that there are no nominal fixed channels ‘available in cell

»
-

i'.

B.6 PARAMETERS

P1 © -base station # (P1=1,2,...,37).
- P2 -§ of fixed channels per cell, either nominal

~alone or nominal + hand-off.

P3 -§ of nominal fixed channels per cell.
P -type of channel being.used by mobile (P4=0,
1,2,3): |

0: nominal fixed channel
1: fixed hand-off.channg}
™ . ‘2: nominal dynamic chanﬂel
3: dynamic hand-off channel
PS ~used as temporary storage location during
7 channel reassignment. -
-P6 _ -X-coordinate of mobile (P6<5.5R, R= cell
radiustthe unit is decametre).
P7. - -Y-coordinate of mobile (P7<kll‘3/3)R, unit is
. also decametre). | '
P8 -Vx -.component of velocity (P8 can have its
; values only between -27 and 27).

P9 -Vy component of velocity (the values of. P9 is

also between -27 and 27).



P10

P11

Pl2

B.7 SAVEVALUES

XHY.

ZH9
XF10

XH11
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-used as a loop index in base stat1on,
a551gnment subrout1ne (P10=1 2,...,37)

-used to store address when;transferr1ng back
and forth from main program and subroutine.
4u§ed in‘cb—channel interference subroutine to

indicate the interference region.

-4 of fixed channels per cell (nominal+hand-

off). : »

-4 of fixed channels per cell (nominal).
' ™

" -% of dynamic channels in system (nominal+hand-

off).
-# of dynamic channels in system (nominal).
-simulation é}cle time in msec (that is, time
between updates). | "
-mean call holding time (msec).
-mean call interarrival time (msec).

“maximum simulation time (msec) {(maximum simu-

lated time, not CPU time).

—cell radius (decametre)
-used in base statlon assignment subroutine. It

contains the smalest, most recent, computed

', distance (square) from a base station.

-used as temporary storage locatxon in base
station 3551gnment subroutlne. It conta1ns

identity of_the nearest base station,
p .
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" XH11=1,2,3,....,37. '

< v

B.8 FUNCTIONS ' I R

EXPON -this function is used to gedefaté‘thé peisson
arrivals of calls and the exponential call
holding times. ‘

_ SPEED ‘ -this function is used to generatevéhe gagssian
distribution of the mpgile velocity compo-
nents Vx and Vy.

XXX - -this function is used to generate the
X-coordinates of the mobiyg loéations in
the system. o

QUAD | -this function is used to multiply the

- cbérdinates-of the mobile locations by +1
or -1 such that tﬁé following ordered
pairs are equally-likely:

(X1,7¥2); (-X1,Y2);(X1,-Y2); (-X1,-¥2)

§
B.9 MATRICES

MH1 : -controls fixed channel assignent (both nominal"

and hand-pff). Any posiﬁion (x,y) in MH1l can
only assume the values 0 or 1, indicating the
vacant or busy status of fixed voice channel’
"y" in cell "x".
MH2 4&ontrols dynamic channel assignment (both

nominal and hand-off). Any position (x,y)- 1

in MH2 can only assume the values 0 or 1,



——————

Y

125

indicating the non-use or use of ‘dynamic

-boundary crossing statistics.

channel "y" inrceil "x". .. ' \//,_‘

Any column "i" in row #1 represents ‘the #
"of boundary crossings into cell "“i".
Any column "i" in row #2 represents the # _ -

of mobiles crossing a boundary into cell "i"

e,
A

and successfylly obtaining a nominal channel.
Any column "i" in row $3 represenés the #

of mobiles crossing a boundary into cell "i"

" and successfully obtaining a hand-off channel

after finding no nominal channels available.
-blocking probability statistias (initial "=
channel assignment), -

Any column "i" in row #1 represents the #

of call attempts generatéd in cell "i"
which successfully obtain a nominal channgl.
Any column "i" in row #2 représents th
"of call attempts generated in celi "il which
are not successfully inyoptaining a /nominal
channel. |
-co-channel interference statistics.
Any column "i" in row "j" represents\the #
of times of co-channel iﬁterference o
channel "j" in cell "j" during the
simulation time.

-matrix (37x37).used for'assigping‘the

L]
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interferenpe;rpgions of the cells.
—éo-channel interferencé Statiétics.
\Any column."i"’in row "j"™ represents the 2
of frequencies idterferihgs of channel "j"
in cell "i" during the simulation time.
-base station.location. | .

Columns 1 and 2 in row "i' contain, -
respectively, the x and };céordiﬁates of -

base station "i".

B.10  VARIABLES

'B.10.1 THE HAND-OFF PROCEDURE VARIABLES

1~-37

37-63

B.10.2

11~-373

THE

-variable "i" giveé the co-channel
Ainterference criteri?n whether or not -a
given dynamic channels may be used in a .
given cell. , |

-same as above, they are the combinations

of the expressions for variables 1-37.

TRANSMITTER POWER INCREASING METHOD

—variable "i"(i=11,12,13,21,...373) is

used to verify wether or not a given-
channel is used in a given cell in order
"to see if there is co-channel interference
prqbiem introduCed by the iﬁcreasing power

"method.

126
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" "“the value of this variable gives the

L

B.11 THE FLOATING-POINT VARIABLES = ..

" B.11.1

64
, 65

66
67

68

69

B.11.2

~ o L) W, NN -

e

THE HAND-OFF PROCEDURE

-the Y-coordinates of. the mobile locations

—~the X-components

" the base station

-the Y-components

_the .base station

-the new X-coordinates of the mobile

of the distance between

and the mobile location.

of the distance between

and the mébile'locationm

‘locations after one cycle time.

_—the new Y-coordinates of the mobile

THE

locations after one cycle time.

-the square of 1.1R

-the square of the distance between the

base station and

the mobile location. ' -

INCREASING METHOD

TRANSMITTER POWER

-same as the FVe4

—same as the FV&5

’

-same as the FV66

Y

-same as the FVe67

-same as the FV68

»~-same as the FV69

-sémé‘as the FV70

in the first procedure.

SEEZ=SSSERESREoSIITIDTIIRIRIORERR
EESCESEIIRIRTCESZEREIEREX

S mECSERERNEREIIE=S=SE=SEERDS
*

EEERTACCSERRARTEEERITIE
K2
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BOOLEAN VARIABLES

—controls the simulation

run.

128



Appendix C '
: COMPiJTER PROGRAM AND VALIDATION OF THE MODEL
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c.l VALIDATION OF THE SIMULATION

The compﬁter simulation program, as shown later in this
Appeﬂdii; makes use of 5 Random numbérs (RNi) from the ejghﬁ
Random numbers available in GPSS. . The validation of the
siﬁula;ioﬁ was done only'for the‘case uith- 5 nomiﬁql fixed
channels in the system. The program Qas execgted 9 times,
.each . with a different lset- of seeds. The reéults are

presented in the following table:

TRAPFIC MEAN STANDARD | CONFIDENCE INTERVALS
[ERLANGS ] VALUES | DEVIATIONS g5% . 90% 80%
OF OF .
"l' * . *
Py . - Py
1.5 1.32 J . .30 17.5 14.0 10.6
1.7 1.69 .41 18.7 -15.0 - 11.3
1.88 . |. 2.00 .41 | 15.6 12.7 9.5

*: 1'% of the mean value of P



.kffJ'

. A ) 131
_ . - '
C.2 COHPUTBR%EROGRAM
c.2.1 Hand-off Procedure
SRIATS
RSALLCCATE BLC0300.aVR02-CHA|2|C3ﬂolﬂooaooFMS02'
SSALLLCATE "FSV ¢ ToFUNIS 2532341 s HMS: 54 HSV .7 LLS o8 1 N
“ZALLCCA ; w2+ TAD LeVAF 220, KACs 1500
ILO0CL .
WMI IR sLQC CPERATICN A93F el 1D sisF e CCMMENTS
SIHMULATE :
[
#INITIALIZATICN '
L . . .
INITIAL XH)] 92 ¥ CF FIxED :HAN/;ELL !!Q[: -+ HANRC FF )
INITI AL XH2es 29 - # "F FIXZD CHAN/CILL {(VTICT)
INITI AL XH3 s 2 % 2F DYN CHAN IMN SYSTEwW (VPICEfHAND”FF)
INITI.AL AHG 2 O . CF DYN CHAN IN SYSTSW (VCICE)
INITIAL X1,22309 SIMULATION CYQLE TIME (45ECS)
. INITIAL X2+1200203 MZAN CALL HCLODING TIMZ (*AS=CS)
INITIAL X3.232 MEAN CALL INTERAKRIVAL TIMT (M3FECS)
INITI AL X4 ¢S30C 030 MAXIMUM SIMULATICON TIME (MSSCS)
IJITT AL XS5.1560 CELL FADIUS (OSCAMETEES) -
P ——
1 MATET X il e 3T el FCA CCNTFTL, ¢ OF COLUMNS=XHIL
2 MATRI X He 2740 BCA CONTROL.-# TF COLUMNS=XH3
3 MATRI X Hals37 dOUNDARY £O0CSS ING STATISTYICS .
4 MATRI X iled e 37 INITIAL CHANNZL ASSIGNEMENT STATISTICS
1 MATRIX Xe2T7 2 BASE STATICH _OCATICNS
£ .
INITIAL X1 (8 =13¢1)+240/MX1(14~31=+1),=240
INITI AL MAL (202601 ) 0830/7MX1{25=2531)+~430
INITI AL AX1L029=3241)e720/MAL{34=27,1),~720
INITI AL MX1L192)eB331/MAL(TH2)9=331
INITIAL MX]{13=]14e2)3293/7MX]1(352) 4=657
INITIAL MAL (172} =633/ X1(2s 201354
INITIAL WAL (2a=25¢2) +5547MAL(012) +» 553
INITI AL AXLE 233219 =833/M1MX1{2922) =55
INITI AL MALLI2:2) 3810/ MAL 015209416
INITI AL MXL(33=34+2)ealo/74X1 [ 342) v-4 15
INITIAL AXL(122)9=416/7MX1030+2)s—-416
INITIAL “Rl(37o2)o-alb/MX1(3|2)0277
INITIAL UX(2302)s 5377 /9X1(2842) 277
INITT AL MAL (342 )e=2TT/7MXL1 (2] ¢2) 4= 277
INITI AL MXL1(2B842 s =2TT/7MX1{11,2) 128
INITIAL MAXlE1loe2)e233/7M0X1{(3242)¢l €
INITIAL MX1{35¢62) 4 139/7MX1{(10+2) =133
INITI AL AX1 (1T 202 —129/9X1(31Le2)s 132
INITI AL MX1(30e2)e=137 ’
F3
* SoJIVALZNCE
9 .
cJdad  Euwu 1e2
5137“ Ty 145

erhCTICﬂ C:FINIlIJH
K
& l\ FUNCTITN

HMe s C24 )
Jedlslaaldesasrenil22la A-.j::/.i&n.buv/.:.-031101331:&/-

.1.2/.73;1.33

-3-1.&/.5401o-q/¢BQ|4012/.1'2¢3/ 3202.527e 74020 51/-:3'2.73/076-’

657 03e5/ 2739 eF /0T rdei/ e

SPESD FUNCTICN

23545

AM3ILC2Y

/0993' GCel/e 33947/ .9223,

Je=2T7eU/edCe=1Fe31l7el v=1Dabdl/eldy=12407
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't20‘10.3/-25.‘ﬂ.27/040-0044 ; ..
0330-4075/.40-3013/-420'2.“3’.450-1.47
e T s=taG1l/a5:0/652¢0aE4849

--_olosﬂ/oa,od.&O/.ﬁnJ.lJ/oﬁ:o“.B? : - R
207 9053/ e 7548037/ 03010e48 : v,

e€3 41278767 119e53/7a35017e3874559,27 X . , -
‘ kY

XAX FUNCTICN RM2.C21 : ] ’ i
Ved/7e003+ 3208/ el el Cel2/al3+10008/702+13563 : e
025017100/-30237-6/-35-245.1 ”

4222307 /04552230 4 el s/ !40

s C 984G sE/ 650494.9/.705410
.7:,5;0.9/.5.642.2/.25.930.1/ 90753 2/o=5t31401/1.°|e7q.5

haAD FUNCT ICN Ml LD ' ! e

.:.-111.1 2 ’

IVARIAch CEFINITICH
X

VARTABLZ MH2( 12221 eMR2( 164P2)+MH2Z2( 2.P2) +H2

(12.,P2)
VARIABLZ M2 (B eP2)+MH2( 15:P2) +MH2( 34P2)+MH2{12,P2)+V38
VA=~ IABLEC MH2 {3 4221+ MH2{ 10 +P2) ¢MH2( 4 +P2)}+MMH2(11.P2) +ViD
VARIABLZ MH2 (422 +MH2 (17 ,P2) +¥H2( 5,P2) ¢MH2(10,P2)+V4)
VAGIABLZE MAZ (9P 2)+MR21 12 , P2 ) +MH2( 6+P2 ) +VH2{ S, P21 +Val -
VARIABLE = MHA2( 0P 2)+#MH2{ 19 :P2} +MH2{ T2P2}+“YH2( R P2 ) +Va?2

VARIAULZ AH2 {7 3 P2)+idH2( 8, P2) +MH2 (6 +P21+MH2{( 1 3,22)
YASJABLE “HZ(S-92}+MHZL7.92)+MH2(20.92)*HH2L5192)+1ﬂ2154_2l__ﬂ;

VARIAZGLE MHE(F o P2V +MHZ (G4 PEI+MH2 (B3 4P 2)+MHZ2( 20+22)4VA2 °
VARIABLZ MH2(1J+P2) #MH2 {5 .P2) +MH2( 3, P2)+MH2(21,P2)+Vaa
VARIABLE MH2( 11 P2)+MR2 (44 P2) +MH2( 10+P2) +MH2( 22.22) ¢ Va5
VARIAGL = MHZ (12 B2 )+MH2 {3,023 ) +MHI[ 11 +22) +MH2{ 23, P2 )+V 45

VAR IABLZ MAZ{134P2)+MH2(2,P2)1+MH2( 12 ¢22) +MHZ( 24, P2)+HMH2 (1 ,52)
VARIAGSLT MHEZ{14+PE2) +MA2 (25422 ) +MH2 (15221 +MH2( 2,22 ) +MH2( 1,4,P2)

VARIAALZ MHZ2({15+sP2) +MH2( 20422 ) +MH2 (10 +22 }+HA2{3:22)+VA7
VARIASLZ W2 (1o PR)+MHI (2T 02 ) +MH2 (17,22 )+H2{48,22)+Y¥43
VARIAQLSZ MHe (LT sP2)e¥MH2 (28,.P2) +MH2 (1A ,22) +MH2(5,22)+V 43I
VARIABRLR YHZ( 134 P21 +MH2 (23 4P2 ) +MH2 (13 :P2)¢MNH2( 6.2V +V 50
VARIABLE MR (1 302 ) #+MAZ(T P2 )+ MPH2{ 0eP21+MHZ2{ 13,P2)1+4H2(23,2>2)
VARIAZGLE AHZ2 {2022 ) +MHI {8 ,P2 )+ A2 0P 2) +VH2{ 21 , P2 ) e1H2({ 3,P2)
VARTAELST MRZ (21 +P2)+MH2 (7 22) #MH2( 20 + 221 +MH2{ 30.22)+V51

VAR ladLe %H2(2¢.=¢)+MH2(10.P JHEMHZ (21 +22)+H2(31.22) +V52
VARIABLF MHR2(ZA4P2)+VHZ {11 +P2)+MH2 (22422 ) +H2( 32.P2)+V53

VAS IARL S MH2 (D4 o D2V +MH2 (12,22 +MH2 (24,32 ) 4V 34

VARIAGDLZ MHZ (254 P2)+MH2(34+P2)4+MH2( 264221 +V S5

VARTAULE MHZ (20 P2 ) +YH2 (3S54P2 ) +MH2 (27 422 ) +MH2( 1 O

VAR [ABLE “h2(¢7 P¢)+MH2(3bop’)+MH2(25-3°3tHH2(17
. - X

Tttt b IR O R U U PO N R e e s e e e bt e e WAL N O [ LU

mﬂ&w&wMPDmWﬁQMLUNFLMwQUW9hN“Q

2)

2)+Vv57
2

VAR IABRLE MHE(Z;-PZ)*MH2(1=.92)+MH2(18-92i+V5,

VARTIABLZ MH2 (20w P21 +MH2 (2022 ) +MH2 {21 +P2)+¢MHZ2( 21 4P2)

VARTAULZ MHS (31 +P2) +VMHZ2 {21 P2 )} +MH2 (30 +P2)+VHQ

vAaLAﬂLE___1n2L12;22L:3u2L_2422L15H7111 23)+VAA

VARIABLZ MA2{3I2sP2)tMH2 (23422 ) +MH2 (32422)+MH2{ 24.,P2)

vAS IABLE MHZ2 (344P2)+MH2(35,92)1+Mh2 (264,22 ) +MH2{25,22)

VARIABLEZ - MHE(SSe P2 I +MH2 (206472 ) tMHZ (274221411 2( 264 P2) #VE?

VYA=xIAGLE M2 (36322 )+ MH2 (3T 422 ) +AH2 {23 92 ) +NH2 (27, P2 1+VYE63

VARITABLZ MH2(ZT+P2)+VH2(23+P2) +VH2 (284922 ) ¢VHZ2( 367 2)

VARIAZLZ MH2 (1 3.°2

JeMHE (Lo P2) +MHZ( 13 +22)




c Ty

1337

e

VASTABLLE - “H;? 323
VAR IADLE M

+BE Y+ MH2 (23.P2)

MH2{ 20 P2) +MR2(34,P2)

. a;3 VARIAGLZE MH2(1Z2eP2)+MH2(2+P2) +VH2( 15,22)
49 VAS IABLZE MH2{11+22)+MH2({3,F2)+MH2{ 16,22
41 VARTIABLS “H2 (104 PZ2) +MH2 {4 4P . T.p2)
42 VARIABLE MHZLF+22)+MH2( De RPR2) +MH2 L1 2,02)

. 44 VARIABLE wﬂ=(21-=¢3+Mna(10.92)+unzts.p°)
43 VARIABLE MHZ(Z2ePZ2)+MH2(114P2) +MH2 (4 42 2)
@3 VAS JABLE MH2(ZFeP2)+MM2(12,22) ¢+MH2 {3 ,P2)
35 VARITABLZ MHZ (23sP2)«MH2(13,P2) +¥H2(2P2)
@7 . VAT IABLE MHE (2 +22) + MH2( 14+ P2 ) +MH2( 25.+22)
+3 VASIABLE AH2 (3P 2)1+MH2( 15:P2) +MR2({ 26 4P 2)
4 3 VARIAHL§ MH 4 422 ) ¥ MH loeP2) $MHZ( 2T ,P2)
30 VAR [ABLT AH2 (5422 +MH20 17 +P2) +MR2( 28 ,P2)
a1 VARIADLE ”HZ(’I.PE)+HH°(ZZ-°2)*MH’(!O. 2)
z2 VAS [ABLE MH2(32,P2) +MH2(234sP2 ) +MH2 (11 422
53 CVARIABLE MH2(33. P2} +MH2{2a422) +MHZ (] 2,22) -
) VASTABLE ~MH2(33,°P2)+VH2(13.72)

53 VARIAHGLE MHZ2 (19+P21+MR2(14.P2)

we VAITABLE © YHZ(15,22) +MH2(25,P2 ) +MH2 (24,232)
a? YA IAJLS MH2 (1092} +MH2 (20,02 ) ¢4H2 (35..22 )
o3 VARIABLE MHZ2(17+P2)4+MAH2 (2T P2 ) +MH2(326.:22)
93 VAR IABLZE MR2(23,22) +MH2 (4T ,.22)

ad VARIABL T un2(_2.= I+MH2(22,22)

[

2

o3

Crw ik

- .
L Y T* TIPS - T T

VARIABLT  MH2(Z7,PZ)+MH2(15,P2)

€4 FVARIABLS ~Na+(c-37“t/13000496+(cual/lJJO‘XJ))/1030
g3 FYARIABLE Po=MAl(Plu,1)

tc FYARLABLE PT-NX1(P10+2)

o7 FVARIABLE P6+(PBE(X1710000))
¥ .FVARIABLE P7+(F3%(X1/10000))

Q3 EVASJABLE kXS

79 FVARIABLE (VGE5YV3S)+(VOE RV LG .

1 SVARTABLE C1'LI*X4*NSCALLS'LE*3000

1 GENERAYZ  X3,FNSIXPCNsyssl5F

2 CALLS ENTER 3YSTM™
3 ASSIGN OeFNIXAL
3 ASSIGN TWVES
3° ASSIOH Oppévl‘

. B ASSIGN TePTel
7 TRANSFZR SD3F +VELIC, 11
3 TS ANSFES S3% «CZLLl11
3 IES5T NE AN s Ve =XIT
iJ ASSIGN 1 +Xh5
11 TRANSFER SdF shCHML,L 11

12 TZST NZ P2+s0,FAILY
13 MSAVEVALLUE 34+5 1P 114

16 KK PRICRITY 2

1 13 ASS5IGN SNHPST

~ lo SPLIT .° 1+HCLD. .
17 LI N ACT IV 4FIFEC
18 nGLD AC VANCE X2+ FNEZXPCN
13 .- UNL INK ACTIV.TY923|105-0CH=CK'
2) - TZAMINATE s
21 I¥yBg3d TEST GE Py =z, TYDDY
22 wEMCVE 21
23 MSAVEVALUS 2+s7F1+P2+00n
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TEsY 2

-~
28 : TRANSFZR +ZALTY :
25 Fredl TEST N& ca¥l e QW VACAT
26 SPLIT 1FREZL
27 TRANSFER +EXIT
28 VACAT MSAVEVALUE 1s21.P2.+J34H
eI ) chT E P&4,0,ZXIT
3 :':‘T [ ) .
2 TRANSFER +IXIT
32 CrECK TEIMINATZ | .
33 FalLl MSAVEVALUZ 4+32+sPl el H
-_— 34 TEPANSFER 1EXIT
x
% hCVTRGL IRANSALT CY4  GZINERATICN
»
35 GoNERAT® X1e 0 sleh P
J0 UNLINK ACT 1V ' P0AT AL L
37 TEZRMINATE
k § - .
e JPZATE VYEHICLT STATUS
™ .
a3 UICAT ASSIGN 6sVoT
33 ASSIGN , 7e70b
IJ v TRANSFER S5dR s CECiLs 11
+1 T=57T NE AHS sueZXIT
2 TEST & XS ePlsCRCSS
+3 4 I0FY TRANSFER e 9 s CHANG
4 LINK: ACTIV FIFC
+5 . CRANG ASSIGN 30
£ Y1) ) ASSIGN SeQ
37 TF ANSFER S35 + VELCC W11
43 LINK ACT IV ,FIFC
i
sdCUNDARY CRECSSING
x
33 LRSS TEST GE P4y NTTZ 32
30 RSMCVE Pl
321 ‘JAVEVALU' doal-DZ-O'H
32 ASSIGNM 1 +XHD
X MSAVEVALUT 3+ 1,01 :1,0
3% TEST = Pls24y525K
35 TEST = VEL »3¢SEZK
Jjo MSAyEVALU? Zer1+P20leH’
=7 MOSAVEVALLYIS 3442 .91 51 . H
38 JCIN 1
39 : TRANSFER s MIOFY
20 NULT2s TEST £ XL « D9 3LV
al IEST = Pas0:3YPAS
€2 - LOSIC . . P}
0Jd 3YPAS MBAVEVALUE 1+P14P2+00A
1Y TRAMSFER + PLUS!?
[<13Y SoM= SPLIY 1], FET=1
ao FoelLal ASSIGNS 1 +XEK5
c7 MSAVEVALULZ 2441421 el4r
a8 5ESK  TCANSFES S35 yNETML 11
o3 Ll . pQQLJnFIV_Dd
(4" T ANSFES S3F +oSPZCL11
71 D24H3,F IND2
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72 TR ANSFER +CXIT
73 FINJD2 VSAVEVALUT 3++¢2+Pl el H
74 ‘ TE ANSFES «MJOF Y
75 FINDD MSAVEVALUZ 3#+2+P1lsl4H
76 TRANSFER » MACFY e
] . .
¥ vASE STATIOCM ASSIGNEMENT SUGRTUTIME
- .
77 CSLL SAVEVALYUZ 3.04H
78 ASSIGN 10.27
7S ITN - TEST. L VTU+VETLSKIP
39 SAVEVALUE - 34P10aA
al : ASSIGN 12.V7T0
az SK I[P LOCP T 1QsFTN
23 TRANSFER P el Nl
¥ ‘ o
€VILICITY ASSIGNMINT SUSRTUTINE ' .
. M _
g YELTC TRANSFES a 2GS s XXX YYY
a3 ARX As51GN 2 +FNBSPTEL
40 TRANSFES 0533« YYYWCONT
37 vvv ASSIGN S FNBSAESS
38 CCN TRANSFER 4111 )
é
ENTAMAL CHANNEL ASHIGMMINT SUBRIUTINS §
#* -
33 NJS AL ASSIGN 2eXhC .
39 SATE Lk P1.CYM "
3l FIxd TEST & MRI{(TheP2) y0333=CH
2 MSAVEVALUS 1¢21e4P241sH
33 ASSIGN: % ¢3)
T TRANSFEF -Psllsl
-EY SZkCH LCCP 2FIXD
o LCWHIC S P1
37 DYNL ASS]GN _2eAF4
38 _ =37 NE P2 U+3ACK]
I JIN2Z  TES3T = Va1 40 sL.COK -
19u MSAVEVALUZ 201 sF21 oM
jol A:53IGN + e
102 R ]
1043 ‘ TR ANSFE® Pelloel
104 LCCK  LCCP CZeJYN2
13 pACK] TEANSFE? Pellal
I 3
253EC1AL HAND=CFF CHANMIL A35 IGNMENT SJUAEFCJTING
K] .
lug SPECL ASSIGHM _ 244k
iv? ASSIGN 3 Ab2
108 FIxl TEST E ML (P14P2) s JsNEXTL
1u3 A351IGN “ el
11.J ASAVE VAL S 12122231
111 TRANSFER Psllasl
dlle NZIXATL ASSIGN 2=l
113 TEST = PZeIFIXL
114 An3IalN . 2eXh3
e A531IGN T 3e KN4
ilo TIST NF PZ+FI4BACK2

T
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17 JYN! TEST E VEL Qs NEAT2
T M3 MSAVEVALUT Z2ePLePLol e
115 ASSIGN 493
12 SJOIN ~1
i2i JIRANSFE® - Pellal
122 \"XTZ“AS.:I\:N 2=s1
124 : ISST & P2 E3 4D YNNI
124 gALK L TFANSFEF Dylla
*
«*CALLS LEAVE SYSsSTHM
M
125 ZXIT LIAVE SYSTM™
126 ZSMIMATE
®x
: KOHANNCL SEASSISNMTNT
127 Frool TRACS
123 UNTRACE
i
| ) SCAN Pl-a;l;’.b__AiDF
132 ALT ALTER Plel +49sPu 022 -
131 . AL TER Plsle2sP2¢2:85
132 MSAVEVALUT 251 4P5,04H
134 REMOVE Dlels sl P2
133 TERMINAT =
135 HaNJOF TEST = P4+l sF=EZ2
130 MSAVEVALUT 12 14P2edeH
137 TESQMINATS .
153 FiEz2 SCAN Plrus2+2+5+5Z5ET
1373 TRAMSFER +ALT
.
sAaJall IARY CLCC<
E
144 SITHEFATCZ JDJJQJ
Lal TEST E VLl 3TC0P
142 TERMINATC 1
143 aTCP TERMINATES D
START 1P ) .
CSEMULT LedeDe " sFellsl3els
RESIT S1
INITIAL MAI{LI=0sl=37)s 0/ Wbl =2s1=37})
bTAFtT 23010

EnD.

%
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.Increasing Transmission Power Method

CREATE
REALLOCATE BLO,300,BVR,24CHA,2,COM,180000,FMS5,2

REALLOCAYE FSV,7,FUNySsGRP A1, HMS 6, HSV,TyLCGy41
REALLOCATE GUE;155TCy2,TAB,1,VAR,400,XAC,1500

.t
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NUMBER

PR st e e

sLOC

OPERATION
SIMULATE

'INITIALIZATICN

PORPWN

InNTTAAL
INITIAL
INIVIAL
IMNLTIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL

MATRIX
MATRIR
PATRIX
PATRILIX
FATRIX

HATRILIX

MATRIX

INITIAL
INITIAL
INIVIAL
INITIAL
INITIAL
INITIAL
INITIAL
INIT1AL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INTTIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
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F

AgBoCyDgELF,

COMMENTS 1

XkH1415 7 N FIXED CHAN/CELL (VOICE+HANDOFF) '
XH2415 OF FIXEC CHAN/CELL (VOICE}

xXk3,0 "® QF DYN CHAN IN SYSTEM [VOICE+HAMNDOFF}
XH& 4 0 8 OF DYN CHAN IN SYSTEM (VCICE)

x1,30080 SIMULATION CYCLE TIME (MSECS)H
X24120000 MEAN CALL HCLDING TIME (MSECS)

X3,349 MEAN CALL INTERARRIVAL TIVME (FSECS)
X4,3400C00 FAXIMUP SIMULLATION TIFE (MEECE)

xX5,160 CELL RADIUS (DECAMETRES)

P p3T7,y3l FCA ZCNTRCL, v CF COLUMNE=XFr]

Py37y2 TrE 1m1chs;e.ca Freoe CLURNTEF

Fg3,y237 BOUAL AKY CROSESPG STATIETICS .

F 2437 INTTIAL CHARAMEL ASSIGREMENT €YATTE l;c.
F92T7,ylw TRE INTERFSFENCE TIMES CLUANT:H

Fe3T,27 ¥C CINTRCL TRE IGC LCCATICANS

Xe3?p2 8ASE' STATICN LCGLAYIENS .

FXLIA=13,1) 4240/ R1014=19,1),=240
MX1(20=24,1),480/7/MX1{25=29,1),=4380
MX1{30=33,101,T720/70¥X1134=3T7,1),4~720
PRLI22)0831/7MX1L1T742),~-831

FRL{13=1442) 43693 /7/7MX1L8,2)43=5923

PRL 019920 =693 /MXLI(292) 9554
FXL124=25,52) 353470 X1(692)3=554 -
MXL(2042)9=»S58/MX1(294,2) =554
PX101252),416/MX1{15,2),416
PXLI23=38,2) 3416/ MX1(9,2) 9=4&16
PXL(1042) =426 /MUX1(3042)3~416
vx1(a1,2l,-Al&lﬂx:(S.Zl,ZT?
MX1U2342) 4277/ MX1L(26,2) 4277
MXLLS592) p=2T7T/PFX1(2142)49~277
MEL(28432)9=27T/MX1(11,4,2),139
MXLU16452) 3139/ MX1{32,2)4139
3’1‘35'2|’1391NXT‘1°'2|,‘139
MX103792) p=139/MX1(31,2)4=139
PX1LU3642) 4139
BHE(142) 91 /MRE{Ly13) 92/VPHETLL414]),
MHE (291 )31 /0HEL2453) 927/ HE(2412),43
PHEE(2913) 4 /PHEL0 29140 ,3/FHEL2,15) 46
YHE(332) 1 /MHE (3 ,4) ,2/FHE1(D,11),2
MHEL(I312) 94 /MHEL3,15) ,5/MHE(3,16),6
MHE (493 ) g1 /MHE 1A ,5) 32/ FPHELA,10) 43
PHE{Aal1l) 4 /MFHE {4,160, 5/MHE(4,170146
MHE (S g h )l Z/MHE(S g 6) g2/ FHE(S,9),23
MHE (54100 34/ MHGIS 31T o 2/MHE1S5,131),6
MHE (6 95)1/PHG (6, T7)2/FHE(6E,8),3
MHE (G99 )4/ MHELE418) 45/PHEIB,19),6
MHE(T 9B g Ll/PHE L T758) o2/ FHE1T7,5,18),23
PHE LB 96 ) g1 /MHE B, TV 2/ VHE(8498),3
PHELB,20) A/ MHEE 9 35} 41 /7MREL9,6),2

IS}
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INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
IMIVIAL
INITIAL
IMITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITYIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIALS
IMITIAL
INITIAL
INITIAL
INITIAL
INITIAL
IMITIAL
INITIAL
INMITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL

¢ EQUIVALENCE

ECL

.SYSTM. EQU

sFUNCT
*

EXPCN FLNCTICNM 2
0907 alygel0A/eiges222/ eI g eIBB 483,509 /70830697e8329157.732427475412338

-
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MHE (265350 p6/MHE {27,160 93 /PHE(2T7 417
MHE 12742601 g3/ MHEC2T 200 94/ PHEL127435
MHE (279 36) JE/MHE (28,170 41 /7/FHE120,418
MHE (204 27) o 37MKEE128,29) 347 WHE(28,38
PEEI20 437) 36/ MHE 129,180 41/7MHE(29,19
MES(29,28) 33/ MHEL29,37) 4/ HE (30,420
PHE(30221) ,2/7MHE (30,31 )437MHE131,21
MHEL21522) y2/MHGE 1 IL30) 93 /PHELI1,32
FEGE (329220 41/ MHE(32,23] 927VPF6132431
FHE(32433) 30/ MHE(33,423) 91 /FHE(I33,24
MES (33,321 ,3/MHE{34,25%) 31/PFHE (34,26
PHE(36,35) 33/ MHE (35,26 ,1/FHECI%,27)
MEE(IB 340 g3/ MHE (35,360 4A/FHE (36,27
WHE(364,28) 427/ MHE{36,35) p3/7PHE(I643T)
PHE (3752803 1/7MHE (375290 424FF6(37,36)

PHELyB8) 33 /FHE(94510) 94/ FHE(8,420),5
MHE(9,21)yS/MHEI10,4) 33 /MHEIL10,5),42
FEE11059) 3 2/7PHE 1109110 gA/MHE120421),49
FHE (1C522) o 6/7MHE(21,3Y,2/MFsl11,41,2
PEE(11,10) 3/ MHEEL14512)34/MHET{11,22),5
PHEC11,23) o6/7MHEU112,92) 91/MHE(12,530),2
FPHEC12,511) 937 MHE L1213 34/ MHE(124523),45
PREL12,240 o6 /7MHET13,1] ,1/70R6113,20,2 -
PEE(23,12) 33/ MHE(33,28)44/PHEC1031),1
MHE 114021 2/MHET14,19),3/MHEL14,25),4
MEGI1552) ol /MHEILS 330 ,2/FHET15,14),3
PHEL1S 160 pA7ZMHES (1592%) 35/PHE{15,26]),6
PEE (168,311 /MHGLIL1G6,40,2/0HE1105,15),3
FEE11691T7) J47/MHEL 18328 ) 32 /7FFE116,27),8
FPREC(1T 940 g1 /MHBLLTp 8 42/7/FHEILT7,16),3
MHET1T o383 A/ MHE 11T g2 7)o5/PHE11T74528),8
MHEL(L1B,5) 1 /MHE110,86),2/FPHE(18,170,23
FHE (108,19) y0/MHE{18,28),5/FFE(18,291,6
FHE [18,6) 4 1/MHE6(28,7),2/FHE119,18) 423
PHE (19529) pd2MHE (204 8) 1 /7MHE61(20,91,2
PHE (2040210 33/ MHE 120,30 ) g4/ MH6 (22 423,
PHE(21510) 92/7MHE121,20),37¥HE(21,422)
PHEE(21430) o5/MHE 121 4,31) 46 /7MHE122,10)
MHE (224111 ,2/7MHE 22523 ) 1 /PHEL22423)
PRE(22531) 9yS/7MHE(22,5,32) 967/PHE{(23,11)
FPHE (23,121 42/7MHE(23,22)33/PHEL23424)
VHE (23,221 ,5/MHE(23,33),8/FHEL24,12)
MHEL24913) g27MHE 1249230 ¢3/PRET124,33)
FHE (28 5140 1/ MHE 254150 32/MNE6(25,261)
FHE (254 34) J47MHE (26,15 ) 31/ MKHE(26,18)
PEEL26325) 93/ MHEL 265327 ) g4/ PHEI264,34)

)
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]

}
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BARRERIDT % 4

089128/, 848,1.837,8842.12/.%4243/7. 92,2 52794 42,817,9542. 931.95,3 2 -
“9 753457498413, 9/.0!.4.5/.!95,5 3!.9!0 S.ZI.!!S,TI.!!!&.O

SPEED FUNCTION
09‘27.0"05'-19¢31[01’-15 5417, 15.-12.‘9
.2,'1003’.25,‘. 27/7. 3’-‘.‘3
o;’g""c7".‘,-3.13’.‘2,‘2.‘.’.‘5’?1 oh?
o8 Te=00e9170a%30/7.5250.644
0953145675 7920307e6)3013/265,8,87
.1.5.5.1.75,5.37:.a,;o..a
085012787, 9,1%.5987,95%,19,58/,999,27

.
XX

FUNCTICN

Fh3gC23

Rh2,C21-

0907085533248/ 41466, 2’.15'1000‘102’135 3
-25,171.0’.3,207 67.35924%5,.1
ehg283.T77445,5,323, 37 %4364 ,1/7, 55,‘0'.2

B bt 9,0/.65,494,8/.T9541.9
«e759590.%/. 8.642 2/ 854896.1/. 9.753 2/7.%%

£,014.1/1.0,879.5

"QUAC  FLUACTICA FN1g,C2
u’.‘l’lji .
| . :

SVARIABLE .CEFINITION . . ' .
]

3 FVARIABLE nustco-svvar:oooo-9541535111000015|llxooo

s 2 ‘FYARIABLE P6=FXx1(P10,1) ,

3 FVARIABLE P?-nxxlvio.zl

‘8 FVARIABLE PE+{P8*(X1/710000))

5 FYARIABLE P7+(F3%{X1/10000)} .

6 FYVARJABRLE  (11/710C)exSexs : e

7 FVAHIABLE- (v2ev2ie(vieyl)

‘8, FVARIABLE . P6=MX1(P1l,1)

] FVARIABLE PT=¥x1{(P1,2) .
10 FVARIABLE (VY8eVB)+(vVIevy) .
14 FYARIABLE (1447100)ex5Sexy ‘

15 VARIABLE 10-914rrs|p1,93| ‘ . \
18 VARIABLE ye12=1 :
11 YARIABLE PRLILS, P21 ¢MHL{L12Z,P2)+Fh1(1,P2)

12 VARIABLE MHL1{12,P2) *+MHL1I1,P2}).

13- VARIABLE rp1|15.nz|¢uu111 e

21 "YARIABLE #H1(2,P2)

22 VARIABLE rh1t1:.p:|+nn1|11,Pz|ouﬂ1la.923
23 WARIABLE PHL{11,P2) ¢MH1 (24 ,P2)¢PP1(2,P2)
24 VARIABLE pHL(Za, Pziounziz,vzi

25 VARTABLE -nr1tzs,p2n+nuxtz,le

26 VARTIABLE PHLI25,P2)1+MHL1 (16 ,P2)1+PH1(2,P2)
3 VARIABLE Prlil4,P2)+MHLIL3I P2)+PHI{3,P2)

T 32 VARIABLE PRLIU1T,P2)¢MHLI{L04,P2)¢MHLII,4P2)}
33 VARIABLE nrzlxo,pzlonn1123.92)+uhxt',921
3a VARIABLE Mp1{23,P2)+MH1{13,P2)ePh1(2,P2)
3s VARIABLE ﬁkl!iﬁ.PZlONHIIZS.PZIObNIGJ.PZI-
3 VARIABLE MHLI{Z26,P2)4MHLILT P2)4PHLILI,P2) .

A1 VARIABLE Bl 012,P2)enHLILS yP2R)¢NMKLLA,P2Y
M2 VARIABLE MELLL18,P21*MHLI{A,F2Z)¢PFLIA,P2) .
% 3 VARLIABLE UPIl!.PZIO?h1{22.92l0lk1l0,92l
& & VARIABLE Fr1I122,P2) oW1 112,P2)4FPH1L4,P2)
Y VARIABLE FEL{12,P2)#MHI(2T7,P2)ePH1LA,P2)



46
21
52
33

B4

55
56

s1

62
63
LX)
5

71
T2
73
31
82
3
a4
91l
2
93
34
t }-]
98
101
102
102
104
105
106
111
112
1123

C11a

11%
116
121
122
123
124

125

126
131

132

1323
134
1
14
143
144
151
152
133
154
195

VARIABLE
VARIABLE
VARIABLE
VARTIABLE

VARIABLE .

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE

VARIABLE.

VARIABLE
VARIABLE
VARIABLE

VARIABLE -

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
YARILASBSLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARTABLE
VARIABLE
VARTABLE
VARIABLE
VARIABLE
WARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIA

VARIABLE
VARIABLE
VARIABLE

QARIABLE

YARIABLE

JEHHLLL18,P2)4FH1L4,P2)

Fr1i{2T4P2
MH1(11,P2)+MHLILE P2 +PHI(B,P2}
MHL1E19 P21 4MHLIB, P21 4VPHL1(S,P2)
FELUIB ;P21 +MHL1I{21,P2)+MHL1(S,P2)
PREL{21,P2)+PH1I{11,P2YePHILB,P2)
PHL{1S4PF2)+MH1{28,P2)¢PFH1(5,P2])
PHLL28,P21+0HLI18 P2 1+PHL1I%,P2}
FH1I110,P2)eFHLILT P21+ PHILE,P2)
MH1{G6,P2) ’ N .
HFL(20,P2) +PHLIE,P2} ‘
PRI(204,P2)¢FHLIL20,P2)¢PH1(E,P2)
FFI(IT’PZ'0'"1'2’,’2"'”1“,P2{
PRLIZ2I4P2)+PHLLIG,P2)
Phl"'P2|f”ﬂlll.,?:""hll?gpz’
FrELI9,P2)eMFHLII?,P2)
PH1(18,P2VeMNLIT,P2]) .
FFI‘!,P:"*E‘(:’,EZ'f”Hlll.Pz.
*rH1(19,P2)+PHLIA,P2)
EHE1IZ14P2)¢MHLIS P2l emhi{8,P2)
PR1(214,F21+rmlin,P2)}
PHLI(ALP2EeMHLILL18,P2) +MH1{9,P2)
FHI(18,P2)+PHIIT,P2I¢MHL113,P2)
FPH1{T74P2)ePrH1(3,P2)
MH1(224F2)eVPHLIG,P2)+MPHL1I9,P2)
ML (30, P2 +PH1I(9,P2)

MPRL1LIJ0a P21 ¢MHIIZ22,P2)+PFHI(3,P2)
MPH1I{34P2)eMplll1T7,P2)4MM1t10,P2)
MELilTeP2)+4rHLIG,P2)oemNl1110,P2)
Mr1(8,P2)+rH1(20,P2)¢mMH1I(10,P2)
Pr1{23,F21+PHI{3,P2)+MELILO,P2)
FHL{20,P2) eMHLI31,P2)+PHLIL0,P2])
FR1{I1,P21+MHL(23,P2)¢PHIT10,P2)
MPHL(2,P2)+PHLILIE,P2)MKr1I(11,P2)
MHL (1S, P2)*MHLIS,P2)emb1(11,P2)
lhll!.PZ)OFHIIZL.PZIO!&1(11,?2)
FHLUZ2A,F2)+PH112,P2)eMH1I{12,P2)
PFI'ZI,P:"'HIl32,?210"h1(11 P2)
"hi|32'PZl’PH1'2‘.92"““1‘11'P2'
FELI1,P2)ePHILL12,P2)
FH1(1S54,P2)+PHL{4,P2)*PN1(12,P2)
’Fl(‘.Pz”"ﬁi(zz,Pz‘QFFIlIZ'PZ'
FPlll.PZlouhltlngZS
MPLI224,P2)+FHLI{I3 ,P2)¢MPH1ITL12,P2)
PH1I{23,P214¢PH1I{12,P2)
FH1E14,P2)+PH1tLI,P2) .
FH1IT14,P21+MHLI I3, P2)+Mr1113,P2]
PRI P2I ML I2I,P21eMR1IL1II,,P2)
BPH1{23,P2)+WHL1(13,P2)
MPl1i13,P2)¢MPHLITIS,P2)
MHELI2,P2)¢PNLlL1D,FPRleMHiiLA,P2)
PH1I(I26,P2) ¢MHLI(3I,P2)+MFL1I14,P2})"
MH1i{26, PZI#IHllI&,PZi
.Fl‘lz,'z”'"llI'PZ'OFPI‘IS'Pz'

PR1I{A,P2)IemHIT1I2,P2i+MF1113,P2)
Phl(l.P!IONH1I15,FZ|
PHLE2TP2)¢VHLIA PRI +MR1{15,P2)
FHLI(A4,P2+MHLILS ,P2)
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1%6
1§11
‘162
1¢3

164

165
l1e6
173
172
173

174

175
ATSE
181
182
1¢3
184
185
186
191
192
193
194
201
202
203
204
211
212
213
21
215

216"

221"

222

223

224
225
22¢
231
232
2313
234
23%
236
241
242
2423
2446
251
292
2923
254
261
262
263
264

VARIABLE

VARIABLE
VARIABLE
VARIABLE

-VWARIABLE

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE

VARIABLE:

VARIABLE
VARIABLE
VARIABLE
VARIASLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VAGIABLE

VARIABLE
VARIABLE
VARIABLE

MARIABLE
VARIABLE
VARIABLE

MARIABLE
WARIABLE

VARIABLE"

VARIABLE
VARIABLE
VARIABLE
VARLIABLE
VARIABLE
VARIABLE

WARTIABLE .

VARIABLE
VARIABLE

. VARIABLE
CMARIABLE

VAREASLE
VARIABLE
VARIABLE
VARLABLE
VARIASLE
VARIABLE
VARTASLE

MARTABLE

VARIABLE
VARIABLE
VARIABLE

~

PH1G3A,P2) ¢VHL 127 ,P2040 N1 L18,P2) -

ME1U11,P2)¢NHL(2,P2] ¢+MH1(16,P2)
PHLI(Z2P2)¢MHILLL,PZ)eMKI{16,P2)

CRHLL2,P21eMHLI25,P2) ¢MH1(16,P2)

MP1(28,P2) +MHL (5, P2) sMF1116,P2)
MEL(2854P2) *MHL (38 ,P2) +NHLI(16,P2)
BE1(38,P2) ¢WH1 28 P29 ¢WH1116,P2)
PRLU10,P2) ¢MH1(3,P2) $MHI11T,P2)
MELIS,P2)oMHI(10,P2) eMFLI17,P2)
PEIC(A3P2) eMHL(28,P2) +MbL(L17,P2)
PHL(28,F2) sMHI (S, R2) ¢MF1L17,P2)
FPH1{265P2) ¢MH1 (36 ,P2) ¢¥H1 (174 P2)
MELU3C P2 ) ¢NH1{29,P2) ¢FHI(17,P2])
MHLUS,P2)4PHLI4,P2) +PH1(18,4P2)
FHL (T P21 ¢MH1{S,P2) ¢¥H1(18,P2)
.Pl(ﬁ,?z‘0'"1127,’2'0?"1(1..?2'
FH1(T,P2) $FH1 (18, P2)
PHI'27.’2"”"1(37'92l0’?1'1.,’2'
MRL(374P2) o FHL (18 3P2) '
MF1i8,P2)oPHI(S,P2) +MHI(18,P2)
MHL1(8oP2) ¢+MHLI18,P2)

PR11B,P2) +MH1(28,P2) $MN1LLD,P2)
’Fl‘z.;’z,""lll’.':'
MrL(S,P2)ePHI120,P2) . 3&
FF1(6, P21 eMh1{10,P2Z) ¢MHIC20,P2)
PR1UI0,P2) *MH1 (31 ,P2)ePN1(20,P2)
Pr1(32,P2) ¢MH1 (20 3P2) . -

eHI 21eWHLTB,P2)oVH1(31,P2)

(5,p
-*1'11|92".H1‘5.’2’0.51'21,92'
FH1{0,P2)ePH1{21,P2)
PHT(I2,P20+PHLI 11 ,P2)+MH1I2]1, P2)°
¥rl1l21,P2) - .
PHLIDZ,PRE+MNL(21,P2)
FrE1l4,P21eVH1{9,P2)*rh1(22,P2)
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