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ABSTRACT

Tﬂis-thesis presents a simulation stedy of a

cellular, high—capacify, land—moQiie radio communication

system using. the Hybrid €hannel Assxgnment 5cheme. a -.

mixture of the Fixed and the Dynamic Channel Assigﬁment

gchemes, for Erlang-c service. The performance of thi?;

.system in regard to the probability of queueing, the .

' average queueing time and the average numbe: of queued‘ ‘

_calls is evaluated from the results obtained ‘and compared

with that of‘the systems employing either the Fixed or

" the Dynamic Channel Assignment Scheme for the same type
of 1Ervice.- The Hybrid Scheme'ié.shown to yield_better

" ove

rall performance, for low to moderate traffic lcadings,

than' the other two chanﬁel assignment schemes.
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" CHAPTER 1

,\\e;»a . ' INTRODUCTION

P

"+ The prominent advantages offered by moblle radio"
communlcatlons have aroused tremendous increase from
both the public and private sectors of the societies
around the world, especially the omes in North‘America
47 \and Japan. In fact, the demand for mobile radio services

has: enormously 1ncreased 1n the past twp decades and is
expetted to continue at ‘a growbh rate of 15% per annUm
Ell 12, 25]). “Nevertheléss, the;}ncrea51ng demand for
- mobile radio commun1cat10n serV1ces which 1nclude mobile
telephone service (MTS), dlspatch service and mobile
data service has fed back a severe problem of frequency
spectrum congestion. The . spectrum conge;tion probleml
\compllcates ‘matters in the de51gﬁ of mobzIe radio *
communications systems and has to be so;vedfurgaatly
To cope with' the grew1ng demand for mob11e
‘radlo serV1ces and 51multaneously allev1ate the problem ‘
'of spectrum congest1on, one has to e£f1c1ent1y ut111ze
‘the frequency spectfum allocated. The follow1ng ;
techniques [2, 18, 19, 2 27] have~been ppoposed or
used to achieve the de51red obJect}ve of 1ncre351ng the
' 9

channel occupancy

(8) Bandw1dth Reductlon .7
M . e - .
The,bandw;dth of a channel®can be reduced- to
. s . . ) .. . .

make room for more channels in.a given fnequency-“

~.5

*



(b)

{c)

(d)

(e)

R .

9:"- _2_‘ A

\Fpectruﬁ. How::lr the chénnel bandwidth cannot

be coﬁtinuousl& reduced without degradations
to the channel performance. o L
Diversity or Pooling

Moﬁile transceivers are given accesé.tp many
frequencies any qne of which ean be used if the
others are busy. .Setvice will be dgniéd when
all accessiblé frequencges areuysed.'

Cellular Structures

The desired service area is dévided into non-

- overlapping zones or cells with a base station

in each cell responsible for radio coverage

within the zZone. -

Spread Spectrum Techniques (SS}

The inforﬁatioﬂ signal is 'spread', prior to
trgnshission, by a suitablyg chosen éiming
function over a bandwidth considerally larger
tﬁan that of the modulated carrier. Upon
reception, the spread signal is 'de-spread' by
the multiplicaticon by the exact replica of

the gpreading function at the transmitter to

' restore the original signal’.

Single-Sideband Modulation-(ssé) .

The idea is to use single-sideband amplitude mo-

dulation (SSﬁ—AM) with amplitude and/or fregquency’

P SR S

amem e — s e e 3 e W




. compandor. The amplitude as well as the fre-
gquencies of the.voice signal are compressed, =
in baseband, prior to transmission and expanded

at the receiver. is technique yields a

considerable reducti in both required power
,and-bandﬁidth for t anémissioq. ' |
Among those prospective solutions to the spec-
trum congestion problem the cellular struéture is highly
favoured. In fact it has been considered‘of such impor-
tance that the Federal Commﬁnicéﬁion Commission (FCC) in
the U.S.A, has allocated a 75 MHz bandwidth in the 800
MHz band to the common-carriers in the states who would
adopt the cellular’ structure to provide the public with
mobile radio communication services. }Out of the 75 MHz,
64 MHz is allocated for land-mobile telephone service
with the remaining 11 MHz reserved for air-ground service,
[121]. Developmental cellular systems have,béen puf into
operatioh in Chicago and Tokyo by the AT & T and Nippon
companies respectively . | |

The gellular-structured mobile radio systems
designers have had to find suitable solutions to some
problems associated with the implemeqtation of a fully
_ operational system. The problems are identified to be
as follows:

(1) the channel assignment technique;

(2) the mobiles identification and location

monitoring; .
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(3) éhe switching plan between the Mobile Switching
‘ foice (MSO) and the base-stations; communication
| between (a) base-stations (b%m%es and

base~-stations; - : T
;  (4) the interconnection between the MSO and the DDD

network;

{5) the proper radio equipments used in mobile%ias
well as in the base-stations in regard to the
required power and performance;
(6) the type of modulation used.

' This thesis focuses on the problem of assigning
radio frequency channels to the cells in d*cellular-
structured, high-capacity land-moblle radio communications
system, sioce changél assignment is ; critical issue in
the degign of such a system, affecfing both system
capacity and equipment design. Differeﬁt channel assignment
schemes documented-in literature [1, 4-12, 14-18, 22-27]
are preseﬁéed along with their performance: In particular,
a Hybrid Channel Assignment Scheme which is an amalga-.
mation of the Fixed and the Dynamic Channel Assignment
techniques and has been shown to give better spectrum
utilization than the two amalgamated téchniques for
Erlané—B éervice (18] is‘discussed. A simulation study
.on the-pérformance of a cellular high-capacity land-
mobile radio system adopting the Hybrid Channel Assignment

technique for Erlang-C service is presented.
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In chapter 2 various terms; e.g. offered traffie,
Erlangs, call holding time and grade of service are:in—
troduced. The Erlang-B and Erlang-C as well as the
Blocked—Célls-Held.serviqe disciplines are discué;éd in
Sec. 2-2, and the corresponding queueing mocdels assuming
a fixed number Qf servers are presented.

Chapter:ﬁ is devoted to the summary of the
basic concepts, system considerations and system perfor-
mance characteristic; oé a cgllular—strucﬁured radio
system, based on the material documented in the literature
on mobile;radio commﬁnications.

We consider vqrious channel assignment schemes
in chaptef 4. The two basic channel assignment tech-
nigues namely the Fixed and the Dynamic échemes are pre-
_sented in sections 4-2 and 4-3 respectively. Section 4-4
.concentrates on the Hybrid Channel Assignment Scheme whose
performahce with Erlang-B service discipline is also pre-
sented there.

The main part of ‘this thesis lies on the simu-
lation stﬁdy of a cellular high-capacity land-mobile
radio sygtem using the“Hybrid Channel Assignment Scheme
for Erlang-C service. A description of the system simulated.
is giveﬁ in chapter 5 and the associated assumptions. are

'given in Sec. 5-1. Section 5-2 is reserved for a detailed

description of the simulation flow-chart.
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._The simulation zesults regarding theoée;formﬁnée.
of the system are presented in chapter 6. Section |
-6-2 considers the probability of quéueing, while Sec 6-3
is devotgd to performance from the‘point of view of
queueing times. Th; performance on the average -number of
queued calls is presented in Sec.6-4 while the last section
details the respective berformancg of the Hybrid scheme
for Erlang-B and Erlapng‘servicé.
| Chapter 7 ;ﬁbodies the conclusions and remarks.

A detailed~GPSS ¥low chart of the simulatio_ model, as

well as the computer program, are included in“the Appendices.
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CHAPTER 2
- . ~
TRAFFIC CONSIDERATIONS | \

.2.1 Introduction . T

- The traffic study is a well-established éiscipliﬁeﬁj
in telephane éngineering. Thus the term traffic uéed |
throughout the context of this thesis refers to telephone
traffic rather than -vehicular traffic.

Telephone calls are initiated by individual

customers in a way that fits ip their daily habits or in

the conduct of fﬁeir business. Thus customers' calls )
follow a varying pattern throughout the ‘day with a peak
demand occuring during the busy hour. Thus, suffic#ent
facilities (trunks or radio channéls) are needed to handle
the time varying ‘traffic especially in the busy hour. The
bésic factors %nvolvéd in the provision of sufficient
facilities are the call attempt rate, the call duration
(holding) time, the number ¢f channels and the grade of

service.

The product of the first two forementioned factors
is called as the offered traffic, which denotes‘the;:;ount
of timé that a quantity of customers desires the use of
facilitie3d. The offered traffic is usually expressed in
terms of Erlangs. AﬁbErlang is the amount of traffic one

trunk (channel) can handle in one hour if it is occupied

all the time, in other words, 3600 call-seconds of traffic.



-
The time period in which a call fully occupies

a channel is the call duration (holdiﬁg) time. It comprises

principally the actual conversation time and relatively

small time intervals nec;ssary for the set-up of the

dedicated communication circuit between the two.comversing

~partiesf In a léndftelephone network.the call ‘holding

times are found to follow the negative-exponential‘distri—'

bution. Mobile telephone and dispatch calls.are expected

. \to have a similar d&stribution for their holding times [27]
( Grade of-service may be described in terms of
either therprobability of blocking (or queueing) — that
is, the probability that all available channels {trunks)
are busy, or the average delay encountered by the calls.
It is of general practice to assume that

customers place their calls randomly and independently

of each other. This assumption, however, is not strictly
valid because when two customers are conversigg their
ability to originqte calls independently is restricted.
Neverthelesg, in ordinary telephone network calls are
found to be initiéted randomly. Because of‘this random
flacement of calls and the large number of subscribers,
the call initiation is a Poisson process with the inter-
arrival times obeying the negative-exponential distribu-
tion. Mobile radic systems are expected to have a simi-

lar call arrival pattern. Furthermore it is also assumed

that each customer over a long period of time offers



the same total number of Erlangs as évery other customer.
Obﬁiously the individual customer calling fate varies A
widely, howevef tﬁe'average call attempt. rate is used.
Under this assumption, the bility that at any’

moment of time any particular customer will be using the

telephone is then a constant.

2.2 Telephone Traffic Formulaé/)

The disposition of the calls finding all channels
busy (tﬁese calls are termed as the blocked calls from here‘
on) depends.on'a number of tﬁings such as tﬁe equipment
available and the habit§ of the caller. There are two
e?tr;mes in the disposition of the blocked‘calls namely the
Blocked~Calls-Cleared (BCC) and the Blocked-Célls-Delayed
(BCD) discipline. 1In between these two exbreﬁe cases there

is an intermediate one known as the Blocked-Calls-Held (BCH)

discipline [17,20].

Probability theory together with queueing theory., ™

enables the derivation of the traffic formulae relating the
offered traffic, the number of channels and the grade of

service for the three service disciplines mentioned above.

2.271 Blocked-~Calls-Cleared (Erlang-B) Discipline

With_thés service discipline the blocked calls
are immediately cleared from the system and no further
considerations will be taken for their return in the same

period, say thé busy hour.

aldm
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Tha BCC discipline can be 'modelled by the M/M/m/wm
queueing situation shown in Fig 2.1 in which there are m
identical servers (channels) each having £Eentical gervice
times {call holding time) governed by the negative—exponentia;
distribution with a mean of % sec, and the calls are arrivinéa
in a Poisson fashion with a hean-arrival raté of » calls/hr..
Arrivals which occur when a channel is idle are served
immediately. An arrival that occuxs when all chénnels
are busy is blocked, leaves the system and does not return.

The utilization factor (channel occupancy) ¢ for

the model shown in Fig..2.1 is given by

D) o .
P * Fiom (@-1) -
- L
or : .
mp = 3/50 = offered load in Erlangs.

+

The probability of blocking (the probability that

all channels are busy) is given by the Erléng-B formula:

(m?)“‘
m

B mo )k ‘ . (2-2)

~./
The above formula is well tabulated in [20]. Since no

queue is allowed to formgin the Erlang-B ;Bdel, the average .

r

queueing delay is thus zero.

v .
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Fig. 2.1 A Queueing Model For The BCC Service Discipline.
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2.2-2 Blocked-Calls-Delayed (Erlang-C) Discipline

Calls en ﬂﬁnding no idle channel wait in suspense
until one becpmeg free, at which time the channel is seized
and occupied for the full call duration time. Thés disciéline,
blocked-qallsﬂdelé§ed, is the:basis of She Erlang-C formula
for obtainihg'tﬁe probability of queueing - that ié,nthe
probéb;liﬁy that éalls are denied for immediate seTvice and have
to gueue up for é channel to become free.

The BCD discipline can be modelled by a M/M/m/=
queueiné-éituation shown in Fig 2.2. This queueing model

" consists of m servers having identical service times (call
ﬁuration times) governed by the negatij945xponential distri-
bution with a mean of 1/u sec and call' arrivals that occur
according to a Poisson process with a mean arrival rat? of
A calls/hrf. Furthermore the cmeue is of unlimited

size. calls arriving to find an idle channel (server)
receive immediate service. Calls arriving when all servers
are busy, queué up in the order of arrival (FIFQ). If a
server bacomes free, when calls are waiting, the server
will be seized by the call at the head of the queue and
occupied for the full holding time.

However, two cases arise in the BCD model, énd
they are shown in the figures 2.2a -amd-2.2b.

Fig 2.2a depicts the situation where the calls

have no preferred servers, that is, they are served by the
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firﬁ; server whoever becomes available. In the queueing

predetermined servers. The queueing time inﬁgig

-

latter case is found to be greater than if the calls wére
able to choose tﬁ;'first server wHﬁabecame free [20],

The two queueing modeis shown above assume the
same call characteristics. Once again the utilization

factor of- each server is given by -

[ 4

. A ! 5_zy
P " 300m . : (2-3)

and the probability of queueiﬁg, for the model in Fig. 2.2a

is Eiveﬁ?by thqurlang—C formula as

"Tm-1 k-l/
\ p AMO.
k=0 -
1 - e k|
-~ : z .
b m [ k=0 3 . |
¢ ™ w1k - (2:4)
¥ Emp) 4
P 1 k=0 .
A\ TPl K |.
- k=0 ’

)

It is noteworthy to remark that in the Erlang-C
(BCD) mqdel no calls léhve the system without receiving
service from a channel. .Thus the probability of blocking

is zero. However, the blocked calls peing allowed to wait

- in the system generate a non-zero average queueing delay.

»

‘model shown in Fig 2.2b, the calls are to be.served by their

-

S

A~ |
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.is given by‘[17].
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2.2-3 Blockéd-6a11s-uéf; (BCH) discipline
& , . N
In such a%system calls arriving to find an idle

channel are immediatley served. &if the calls occur when
[

a11<shannels;arehbusy they gili remain in the system for
one full call duration time. If a channel becomes available
during the holding time, a waiting call will seize the channel
fOféékp,remainder of fhe call holding time. If after one
fudf duraéion'time has ‘elapsed and the;e is still no idle
channel*availe&ie,‘theu a waiting call will leave* the system.
With the same assumptions concerning the call
arrivérf patfiyn»and the service times distribution as in

the previous two disciplines' the probability of blocking

(2-5)

where m is the number of servers—and p the utilization
factor of each server as given by equatioﬁ tZ-l).
The way in which the blocked calls are disposed -°

has different influences on the probability that all

1

‘channels are found busy. In the BCC model, the blocked calls

do not;occuﬁy a2 channel and thus for a given load the
probability of all channels found busy is the lowest ﬁmong

alls are held,

the three disciplines. When the blocked

they occoupy some channel time. If the probgbility of no
,\ .

SRy
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rfull holdlng tlme. In.the 'BCD model,

: 1d1e‘channe1 is low, the blocked calls occupy nearly the .

the blocked calls

'are allowed to wait. in the system and occupy the full

dhrat;on t1me . Hence the-probablllty of all_channels

_.being oecupied is the higheat of the ‘three disciplines.

The current mobile télephone service is more likely

closer to the BCD dlsc1p11ne

described by'the Erlang—B model white dispatch_eerﬁice is

The Erlang -B model adopted in current mobile

‘when the system is heav11y loaded.

However,

ltelephone servige' causes a lot of calls to be rejected

better service

can .be provided to the subscrloers if calls, on flndlng

no channels avallable at their times of;}nitiation are

allowed to stay in the system dwaitiné'service by an idle

-as.idle-channels are.available.

channel. The callers on queue will be notified as soon-

k-4

The Erlang-C (BCD) discipline. was considered

in the simulation.model presented in this thesis because

r

of the above fact.

»



CHAPTER 3

CELLULAR- STRUCTURED MOﬁELE RADIO SYSTEMS

3.1 Introduction . . -

.
¢ ' " Most of ‘the early'm?bile radio communications
systems adopeq ih; Global covérage concept, [2,17]-and the
conventional_FM modulation technique. In this type of
large radio coverage area s&stem.a.high power base‘station
~antenna was usually mounted on the higheat mountain or
building within the proposed service area in order to

-

'cover' the largest area possible.Since it was impractinal
to transmit the same power from ‘the mobile units, additional. @
-receivers had to be distributed within the area fo service
.mdbile-to-base iink in low-signal regions. Furthermore,
due to some large terrain obStructions iike hills, tunnels
or bu11d1ngs there are 'holes' in the radao coverage from
the high base- statzon antenna Eventually secondary

T

transmitters and antgnnas had to be installed to fill in S—

some of the coverage holes. However this solution created
the problem of coverage oveflapning as shown in Fig. 3.1,
becausg# of frequency beats betweén ﬁhe éignals from the
différent transmitters. In addition, careful equalization
of delay in the paseband circuits 'tot the different

transmitters was required to keep distortion at acceptable

Pl
cy

. levels.



Service Area
For A

Fig. 3.1 A Global Coverage Radio System. .
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The global coverage sfstem is found to be unable
to meet the ingreasing demand for radio éervice because
in addition to the shortcomings mentioned above channels
are generally nonreusable within the service area. High*
capacity ﬁobile radio systems designers of today highly
favour the cellular sfrucfure which is believed to be
able to soive the channel shertage crisis and simultaqeously
cope with the rising demand for mobile radio service

[2,5,10,14,23].

3.2 Cellular Concept.

"~ 3.2-1 Basic Concept .

In cellular-structured systems the entire service
area is divided into non-overlapping zones or cells. A
base-station equipped with a omnidirection antenna is located
in each cell. A high gain- aitenna is not regquired as the
base station is responsible to provide radio coverage
to the mobiles J?thin;;he small zone only. The base-
stations are connectedfyia land lines to the Mobile Switching
Office (MSO) whith is in turn connected to ‘the DDD network
via land facilities as shown in Fig. 3.2. The MSO is
equipped with an Electronic Switching System (ESS) with
;special data terminals, prunking facilities and an unique

prdgraﬁ?to ach;gye the required extensive centralized

coordination and control to properly administer base

- ;

st%;ion dssignments, channel assignments and re-assignments
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and to interconnect the mobiles with each other and.with
the DDD network [13]. Thé base stations act effectively
as remote frequency concentrators dinder gﬂélcontrol-of
the MSO.

3.2-2 Mobile Call Sequence

An MTS subscriber usually subscribes service in
one metfopolitan coverage area (MCA), referred to his 'home
MéA' which may include one or more cells. An unique direc-
tory number of the form NPA-NNX-XXX [27] is giyen to each
individual subscriber where NPA is commonly called thé
"area code“; N is any digit other than 0 or 1 and X is any
digit. The six-digit prefix of the directory number is
used for mobile serﬁige and will be used in only one MCA.

(a) Lahd—to mobile calls: |

When the diréctory numbexr of an MTS.éubsc;iber

is dialed into the DDD network, the network will

route the call to the system serving the correc£

N MCA and the called ﬁobile will be paged throughout
that MCA on a special paging channel. When the
called mobile is paged, the system will send

back an audible ringing “to tﬁekldﬁd caller

indicating ;ﬁ%t the intended receiver‘hés been
paéed. At the same time the system sends out

an audible siénal to alert the paged mobile that

a call is coming in. A mobile subscriber in

'MCA other than his home MCA is given 'foreign
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MCA' service in which a mobile operator is
brought in to complete the call.

(b) Mobile—té-land calls:
All mobile originated call initiations are accom-
plished on an aﬁtomatic dial basis in both homé
and foreign MCA's. Standard Telephone dial tone

will be provided as a start dialing indication.

3.3 Cellular Layout

A cellular layout of a land-mobile radio communi-
cations system is shown in Fig. 3.3. Hexagonal cells are
preferred over o£her geometric coverage areas such as the
equilateral triangular or square cells which also provide
non-overlapping coverage areas, because they most nearly
approach the circular pattern that can be easily produced
by the base station omnidirectional antenna. Besides,
a-hexégonal cell has the least number of neighbours-whose
traﬁsmitted signals can cause cochannel interférence in
that cell .[17, 23]. | | -

y

- ’ - 8ince”"each base station transmits within its own

cell the reuse of the same frequency channel in other cells

is feasible, thus providing many voice paths in a single

urban area. Efficient use of radio frequency channels requires

the -simultaneous assignment of channels in radio coverage

—t—

cells which are spaﬁgd as close together as possible *WIthout
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Channel Set . .Interfeérence Cell

Group Boundary

Fig.3~-3. A Cellular Layout of a High-Capacity Mobile Radio System.

-
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incurring excessive cochannel interferénce. However, there
exists a minimum separation within which the channel cannot
be reused. This minimunm separation is called.the Minimum

Reuse Interval or Distance (Y) and is given by:

R S (3-1)
where D is the geographic separation between the two base
stations using the same channel simultaneously and R is the
cell radius. The minimum reuse”interval is a function of
the signal-to-interference (SIR) ratio, the cell size, the
antenna heights and gains, the transceivers, the propagation
media, the frequency of operation as well as the modulatlon
technlque employed [12,17,18,27].

For any value of v there is an Interference Cell
Group (ICG) associated with each cell Channels'aésigned
to a cell cannot be reused elsewhere w1th1n the ICG if
already in use in that cell. Furthermore the ICG can be -
considered as a basic block in which each cel requires an
independent channel set. This basic block mai\;exrepeated
until the desired service area is covered [27]. The thick
block contour in Fig. 3.3 represents the boundary of tHe\
‘ICG of the shaded cell. There are nineteen members in thee
fCG. The capital letter in each cell denotes the channel
set allocated to be-used there. As can be seen, any reuse

 of channel set A is prohibited within the ICG.
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3.4 Cell Size Considerations

In general the most economical cell plan fér any
system c;;acity uses cells wﬁich are small enough to serve
the maximum density of mobiles while using all channels.
This minimizes the number of base station sites and assigns
radio channels in the ‘largest trunkiné group because in
telephone fraffic.engineering large group of servérs are. '
more éfficient than ‘'small ones.

At any system capagity the localiuger densities
vary from high-density city centers to low-density ‘suburbs,

and the best cell size will vary accordingly. In addition

system capacity also changes with time. These facts suggest

a system whose cells change size continuously with location

and time, but such a system is ecbnomically unfeasible.
However the optimum cell size can be approximated in a
system wﬁich reduces cell size in discrete steps through the
addition of new base site$ while léaving the existing-
ones in place [27], as shown in Fig. 3.4.

The lower bound on cell size is priparily controlled
by the practical constraints on the amount of data
processing required to keep track of moving vehicles and
to switch voicepaths as the mobiles ﬁove from cell to cell.

Cells of about one-mile radius are possible to-day and

that. even smaller cells may become feasible in thé'future






due to the rapid advancement in ‘microprocessing technology.

The upper bound of cell size is a function of the tobile

(or base) transmitter power, channel bandwidth, receiver

-

design,antenna heights and gains, minimum required SNR and

‘is also dependent oh whether diversity is employed. Cells

~ of abwat twenty-mile radius are possible today.

N . . -

3.5 Noise and Interference

’\

It is a general phenomenon that signrals transmitted

over a transmission media are bound to be degraded due to

interference and noise. Radio signals in mobile radio f

environments bear no exception to such degradations which

come from the following sources [12,17,27]:

(a)

i
Y

Fast Rayleigh Fading

As the propagation characteristic between the
mobile and the base station changes continuously /

as the vehicle moves, the multiple reflected
waves transmitted from a single source may
interfere destructively to varying degrees. ' This
interference causes the signal envelope to vary
in intensity in accordance with the Rayleigh

distribution: AN

P_{a) = J -a? (3-2) .
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|

where T, is the mean power of the distribution.

e —

(b) Slower Log:Normal Fading

The actual value of the mean received signal
level
TY e

5 = Lo . - (3-3)
5 .

* varies slowly with respect to the wavelength as

the distance between the mobile and the base
s;i;ibﬁ changes. This slow variation is well
¥

r0 varies as B'n where B is the distance between

proximated by .2 log-normal distribution.. ‘Thus

N

;He base statioh_and the mobile and R the attenu-

t
ation factor which between 2 and 4. More
\3

spécificélly the probability density of the mean

received signal expressed in dB is given by

1 . [ ((};-30)2]
P (a) = ——=_ éxp | - ——— (3-4)
a S it o 202 |

where a, ¢y and ¢ are expressed in dB and the
T - \ ) ¢
expected value @y Of the received mean signal is

L

| = -
a, = A - 10 2 log (B - (3-5)
0 B,

where ;the constant A depends on terrain and

environment, antenna heights and gains, and



Cap.

(c)

(d)

(er)

a L

\ <

car;&eﬂ’frequency, and B, is radius of the -

. cell. _J/

Cochannel Interfefence

The reuse of radio frequency channels by mpbiles and
bage Sfations in geographically separated radio
pbverage cells causes. cochannel interference

which doés not eccur iﬁ conventional point-to-

point commumication 1iﬁ%§. The intgrference

level depends on the propagation factor, the.reuse

separation distance, the message statistics, the

.modulation index and also the receiver structure.

Adjacent €hannel Interference
Information transmitted in channels adjacent to
the local channel provides another source of

interference. The level of interference depends

‘on the frequency separation of the local and

adjacent channels, the modulation index, the

propagatibn factor, geographic proximity and the
3 . -

receiver design.

Selective Frequency Fading

There arq'pften serveral paths of transmission

between the base-station and the mobile. The

interference between these paths may, at any
moment, be either constructive, destructive or
nei&&zr depending ‘on the frequency of the transmitted

Signal. Since the -instantaneous frequency of a

-

AY
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modulate& FM signal depends on the amﬁlitude of
the ﬁegsagq signal, flucfgations in the-receivgd
signal power.may occur even whéh thé mobile i; '
~ stationary. )
(£} Random FM

As the mobile moves about,the instantaneous phase

of the received signal may change abruptly due

. to the sudden change in preferred signal pat
;) & The result is output noise which is referred to

as rand?y FM which is proportional to:
f. = gl - ¢ (3-6) -

where V is the vehicle velocity-and T the wavelength

of the transmitted signal.

-

(g) " Macroscopic Shadowing

Large terrain features such as mountains and

buildings cause variations in the received signal
¢ - strength. These shadow variations occur over

. 4 |
tens or hundre@s'of feet.

3.6 Diversity Considerations

In a general sense diversity involves the use
of multiple independent 'branches' of transmission in the -
communication paths to saveguard against“.the failure of

any single branch. 1In a radio system thesenbranches can be



o
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ichieved-by using either different carrier frequencies on

the same path or a single Qarrler frequency with different

paths, polarlzatlons or t1mes of transmission [27].

The technique most often useq in MTS systems is)
Space‘Diversity in which'differént ba;e sites or antenna
positions create a multiplicity of base-moﬁile paths, and
in which the'critigal pafametﬁr‘is the degree of separation
between paths that is necessary.to achieve independence.
(a) Diversity Against Rayleigh Fading |

(1) Space Diversity

Since an area tens or hundreds of feet in extent

tends to have a constant local mean about which .

the Rayleigh variable ?s distribﬁted, then iﬂsthe

enviroment at BSD,MHz,éntennashgpaced by as little
"as several inches will provide independent
!'Rayleiéh fading signals with the same'localr

mean. Such small spacing of antennes makes

p}actical impleméntation of spacefdiversity.at"

the mobile possible. o -

-~ (ii) Polarization Diversity LT :

Signals of vertical éhd horizontal poiarizations
even when transmitted and received by essentially
y ' unseparated. antennas will exhibit independent
Rayleigh‘fa&ing_sjgnals. 'If both orthbgonaily
~;f'polarized signal are simultaneously transmitted

8 ét the mobile, clesely spaced polarized antennas

\
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" .at the basg@ station would provide independent
diversi y(bra;chss. -
fb) Diversity Against §hgééwing
In typical systems using a base station transmittdéng
at .the center of each cell, shadowing;by large
obstructions in the radio path leads to 'holes" in the
coverage area. These holes can be filled in by using
a Satellite base-sthfion. However the use of a
satellite per cell is astronoﬁically-costly. Instead,
space diversity agéinét shadowing within each cell
can be achieved by placing base sites: a£ alternaté ‘
‘corners of the hexagonal cell 'as shown in Fig; 3.5.
Such coverage plan requires only -one Easé site per
ceilrsince while each cell is being seeved by three base
sites, sach site is serving three cells’simﬁléaneously.‘ -
The use of inward directive antennas at the three base sites

can increase the .signal levels .within the cell-and: redoce

cochanne% interference radiated in ether directions.

3.7 System Performance Characteristics

3.7-1 Required Sipgnal-to-Noise (SNR) Ratio

As FM signals undergoing severe rapid fading in
mobile radio envf§§Lment so are the Toise and interference.
This complicates the FM receiver design. During a single

fading'cycle; the receiver passes fhrough a'sequénce of

-~

AN

.
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several different conditions:

(1 While the signal level is substantially above
that of the i@terference the circuit quality is
goodé

(2} When the signal level drope and approaches the
interference level distortion begins to occur;

(3) When the signél level falls below the.interference
level a ”6lick" results; ‘

(4)k*¥?en the interference dominatés crosstalk is
A

heard.

As the signal rises out of fade the same sequence
of conditions is repeated but in the reverse order. i
In the presence of cochannel interference and
for good diversity and/or carrier-to-noise (CNR) ratio
high enough t6 keep the signal above theeshold, the

~minimum required SNR for a cell is given by [12]

o]

. I Q P, 1 . 2 -1l
SNR = [r £ (-%_ A 3, [1'58 CNR] = (3-7)
. : "

-

P

wherte Fi = ratio of the power of the ith

cochannel inter-
ferer to the radiated power of the signal in

question.

4

4
Di = geographic separation between the distant (ith)

transmitter and the local receiver.

R = cell radius.
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I-;;}umber of cochannel interferers.
constant depending on I, the.amount of fading
suffered by both the signal and the interference
an& on' the average signal charécteristics.

B = modulation index. |

2 = attenuation factor which lieg between 2 gnd 4,

A

CNR = carrier -to-noise ratio at‘a unit distance from

the transmitter (-ﬁsw)f'

W = audio bandwidth.

;Q =" power spectral density of additive white gaussian
ﬁoise. -
The first term of equation 3-7 accounts for the
cochannel interference while the second one for the additive

white ganssian noise. Furthermore equation 3-7 gives an

average SNR over the cell at radius R. Local variations in

- SNR are caused by variations in terrains, buildings, antenna

heights and gains and other environmental conditions. The

i bl

quality range imp%étant to mobile radio is 15 to 30 dB SNR.

3.7-2 System Cost

System cost, includes cost of base stations,
cost of éssociated land links and of supporting facilities
such: as licénse fee, design cost, equipment maintenance -
cost etc. The total system cost can be expressed as the

S
sum of the fixed costs and the variable costs. Fixed costs

4



N

e

are those incurred in the ‘establishment of a minimum

) . . :

facility, while variable costs are those additional costs

required to provide an improved system which results

from improved SNR, increasing number of base stations and

increasing number of channels. The normalizgi system cost
is expressed as follows [12]?

b-1

L a c :
Z M. '(CNR.) (3-8)
i=1 ! :

C = 1+ KL

L

where X = variable cost factor normalized over the fixed
cost.
L = number of cells
M. = number of_channels in cell i

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

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

. variable cost; a < 1, b < 1 and c > l;
For all base stations having identical values of

CNRi and Mi and‘eaCh channel is assigned to one and only

one cell then with-CNRi = CNR and Mi = %

M2 (cNR)© (3-9)

c=1+ kL2

where M is- the total number of radioc channels.

3.7-3 System Throughput

n \
The system throughput Q is defined as the number

of calls which will be served in a given period of time.
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For Erlang-B service discipline the system throughput is

given by [12]

Q= I ARy L
(3-10)
L :
/’\/)\ ELALICRE SR
where L = number of cells

}i = mean call attempt rate in cell i

Qg = the probability of blocking in cell i

X
Py = il = the channel utilization in cell i

1 = mean call holding time.

u
For Erl4ng-C service discipline, calls are never denied of

service. Thus the blocking probability (PB } is zero and
i

hence

Q= L Py (3-11)

J i
For other service digciplines blocked calls will generally

be re-attempted at a later time. .Owing to this,-the.mean

et
call attempt rate will be modified as follows

' 2 3
A=Ay [1eag Pyo+ (aPp ) 4 (quPp ) -]
.’“1 . 1 1

A
i

1l - q.P
93 Bi l

(3-12)
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. where q; is the probability that a blocked call in cell i .
will be re—aftemptedzat a.later: time. - '

The cellular structure enables radio channels to
- be reused within the desired service area thus enhancing---
the utilizétion of the allocated frequency spectrum. In
'additionlthé cellular structure systems require,lower
transmission power levels which in turn produce lower
interference level to other systems and reduce mobile and
base equipment costs considerably. However more accurate
information on vehicle locations are needed in this kind of
structure. As seen earlier, the cell size, shape and
location, the use of diversity, the transmission power, the
number of channels, the number of base stations,.the SIR
as well as other factors have tremendous/effects on the
performance characteristics of a cellular<structure mobile

radio system.

-
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CHAPTER 4

-

CHANNEL ASSIGNMENT SCHEMES

4.1 Introduction

In cellular radio systems; each base station is
—\bi—;éﬁppnsible for radio coverage within its assigned cell
only. Hence channels agsigned to one cell c;n be reused
elsewhere within the sgrvicé area under certain constraint.
An immediate interesiing question arises as how should the
radio channels be allocated to the cells in a high-capacity,
cellular mobile radio system s@ as to maximize the channel
occupancy, thus utilizing the frequency spectrum more
efficiently without incurring excessive cochannellinter-'
ference. The channel assignment becames a criy{éil issue
in designing high-capacity cellular mobile radio syszbmif,?ﬁi
since it affects both system capacity and equipment desién.
Thus the channel assigpment problem has received a great
deal of attention ever-since the cellular concept was
proposed. Various channel assignment schemes were developed,
studied and their performance wvaluated by people like -
L.G. Anderson [1], D.C. Cox and D.0. Reudink [5-9], J.s.
Engel [10, 11], T.J. Kahwa and N.D. Georgﬁias [18], just to

mention a few.
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This 'chapter first presents two basic channel
assignment schemes namely the Fixed and the Dynamic Channel
Assignment Schemes togetﬁer with their performance. The
insight to these basic channel assignment schemes leads to
the conception of the Hybrid Channel Assignment Scheme to
be presented in the final section of this chapter. Througﬁ-
out the discussion on the various channel assignments scheme
the following assumption is Sﬁgi;//Thg power radiated from
the base station antenna in each cell.is sufficient to
provide an adequate SNR ratio at the cell's boundary and may
be a little.ﬁgyond. Thus the coverage limitation is due
to interference, essentiaily the coéhannel interférence
and to a small extent the intermodulation interference, but
not due to the lack of sufficient signal power or the presence

+
of thermal noise. ;

4.2 Fixed Channel Assignment Schéme (FCAS)'

The Fixed Channel Assignment Scheme assuées a
definite relationship between the channels and‘the cells
at any time. That is to say once channels are assigned to
a cell they will be the only channels allowed toqhe used
there at ali times. Tﬁese channels are known as the néminal
channels of the cell. Conversely speaking, the cell to
which the channels are assigned is called the nominal cell.

The Fixed €hannel Assignment Scheme tackles the

questioh of how to allocate channels to various cells in
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the system under the interfgrence constrafnt in the following
manner. The total available radio channeis'are divided {nto
a number of channei sets. There is a minimum number of
channel sets required to serve the entire service area.

This minimum number (N) of channel sets is governad by the

- minimum reuse distance (y) in the following-fashion [14, 17]:

for hexagonal cells (4-1)

/
where N can assume only integer values 3,4,7, 9 .. etc. as
generally represented by the series (1 + j)* - ij with i
and j being integers.

The N channel sets are then assigned to the céliéxﬁ
in the system respecting the minimum reuse distance and
are to be exclusively used in theif nominal cells at any
time. Fig. 4.1 shows an example of the allocation of
channel sets to various cells in the system with a y of §
radii. Tﬁe capital letter in each cell represents the
nominal éhannel set while. the superscript associated wi£h”
each letter indicates the number of ti that channel set
is reused withiﬁ the system. mej\k

All the N channel sets will be of the same size

~if the customer offered traffic has a spatial uniform dist

tribation. If the spatial traffic ié non-uniformly distri-

buted then the number of channels iq the channel sets can

~be -appropriately 'tailored' tqrsuit the traffic demands.

N
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Fig. 4.1 Allocatton Of Channel Sets With The Fixed Channel Assignment
Scheme. :
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This tailoring technique is called the 'Static Borrowing'
M1]. & .

When a call‘iaxinitiatpé_in_;ell i, the MSO will
assign a nominal_éhanne1~t3 service the call if one is
available.  Otherwise, the call will not be serviced and
will be disposed in a manner according to the 3ervice .

(_\J discipline adopted in the system. That is to say, the call
on finding no qgminal channels available at the time of
’ initiation will be blocked and cleared from the system
(Erlang-B), or delayed” (Erlang-C) or even held. Now when
the call-in-progress is crossing a cell brundary into an
adjacent celi, it will have to be served by the base
station of the new éell into which it is entering. Since
the new cell has its own nominal channel set which is
different from the channel set‘allocated to the %ormer cell,
a new fixed channel will have to be assigned to service
that call. This switching of channels is called the’ 'hand-
of ! whicﬁ is performed whiléﬂ;ﬁ; call is still in progress.
If no idle fixed‘cﬁ;ﬁnel is found in the new cell, the call-
in-progress, on entering into the new cell will be forced

to a premature termination. The probability of such occur-

rences was found to be small (6, 7].

The main advantage of the Fixed Channel Assignment

4

Scheme lies in the fact that the channels are used to the
maximum possible number of times within the system, thus
iﬁcréasing the -channel occupancy. The drawback -of this

scheme is that when the nominal channels in a ceil are fully
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occupied, another call, request will be rejected though there
might be one or more of the neighbouring cells héving one
or more of their nominal channels idle at the time, which

could ‘be temporarily borrowed for use.
~ )

4.3 Dynamic Channel Assignment Scheme (DCAS)

4

In sharp céntrast to the FCAS, the DCAS bears
no definite relationship bgtween cells and channels. 1In
other wordi-it 1s needless to assign different channel sets
to different cells in the system.. Instead, all the radio
‘channels available to the system belong to a central pool.
The channels can be temporarily borrowed by any cell to
serve cqlis ip/ﬁ real time basis provided that the minimum
" reuse diftanée Yy is respected at the time of borrowing.
(The iesﬁ ting average spacing between the cells using the
same cHannel at the same time may be greater tﬁen Y depending
on thé!borrowing‘strategy). Upon compiption of service,
tﬁe—thgnnels will be returned to the central pool for the
next assignment. ' .
During 'hand-off' the cell-in-progress is allowed
to keep the channel that it has been using provided that
channel is‘pot’currently in use in the cell into which
that call is enféring or elsewhere within the interference
cell group of that cell. Otherwise, the call will have to

be switched onto a new channel which satisfies the interfer-

ence constraint in the new cell at that moment. If no
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channel is found capable to serve the call,-the call-will

1

be forced to terminate premgturely. ‘
3 Usually there is .more than one channel in the cen-
tral pool su1tab1e for borrow1ng Then oﬁe has'to decide
which channel out of the: eligible candidates to borrow for
use. The f0110w1ng borrowing strategles have been w1dely
1nvest1gated (6, 7, 8]: a
(a) First Available
The very first channel éncountered in the channel
- search, that satisfies the cochannel interference
constraint, that is, a channel not being used in
the ‘to-be’ assignéq cell and elsewhere within
’the ICG of that cell, is borrowed to service the
call.
(b} Nearest Neighbour (NN)
This strié?gy chooses for assignment the channel
which is in use in a cell closest to the to-be
assigned cell, bup still at least Y cell radii.
awé By doing so the distance D, over the
av@ilable channels, between-the first cell using
that channel and the to—belasgigped cell is
« ‘minimized. If there are more than one such
channels the first one encountered in the
.channel search will be assigned to the cell in

question.
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(c) Nearest Neighbour + k (NN + k)
This strategy is similar to the NN except that

it minimizes the distance
D<y +k , k=1,2,3,... (4-2)

over the available channels. This algorithm
tends to allow more calls to keep their assigned
channels upon cell boundaries crossings. If no
such chaﬁnel exists at the time of borrowing,
the channel with D = y will be assigned to the

"
borrowing cell. - f

(d) Maximum Usage
Th%s strategy selects a"&hannel that is being
used most at a distance.y cell radii aw5§ from the
- to-be assigned cell. That is, a channel, which
is currently in use in most cells just outside
" the interference cell group boundary of the cell
in question is chosen. .If there is more than one
sucl candidate the first one enéoﬁntered will be
assigned to‘t;e.borroﬁing cell.

'(e)' Mean Square (MSQ)

This strgtegy minimizes the quantity

=
L=
=

.y<D, € 2y (4-3)



where Dj_is the distance between the to-be

assigﬁqd cell and the cell‘currehtly using the

same channel within the interval {y, 2y], and

n tﬁé number of cells ﬁsing the same channel

‘within this interval._ The intervay,fy, 2y] is

chosen-. because the chanﬁel in use a distance

greater fﬁan 2y cell radii away from the cell

in question would allow the reuse of that channel

at another cell within that distance. If n = 0

for some channel, that is, the channel is not

being used in any cell within the specified
interval, then the first such channel encountered
will be assigned to serve the call requesting
service at the cell in question.

It has been shown [6, 7, 8] that the five dynamic
channel assignment strategies have similar performance
characteristices. However, the NN philbsophy gives the best
overall performance in terms of blocking probability, system
throughput and percentage of forced terminations, the MSQ
and NN « k strategies are the next best choices on the
system performance list. The first available tacticé
results in performance which does not deviate too ruch
from the other channel assiﬁnment strategies. In most
cases, it performs very similarly to the NN + k philosophy.
Nevertheless, the first available strategy is the simplest

and most economical one to implement as it requires .much
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less data processing involved in channel- assign-
ments. Thus the firsf available strategy lends itself to
the dynamic channel assignment invoked in the Hybrid Channel
Assignment Scheme to be discussed later in this chapter.
Simu{ation studies on the performanée of systems
adopting either the Fixed or the Dynamic Channel Assignment
Schemes with BCC service discipline have been conducted by
L.G. Anderson [1], D.C. Cox and R.0. Reudink [2-7, 9] and
J.S. Engel and M. Peritsky [11]. Resuit; obtained from
those studies show one common phenomenon concerning the
pesformance of the two ‘channel assighﬁent schemes. At
light traffic loadings the Dynamic Cﬁannel Assignment
tecﬁnique blocks fewer calls, carries more traffic and

fg;pes fewer call to prematured termination than its rival.

é However, the Fixed system outperforms its counterpart at

~and above moderate‘offered traffic. “This -inferiority

"experienced b} the Dynamic system is a comsequence of the
fact that dynamic channels are assigned to serve random
calls originated at cells which are spaced apart a distance
generally greater than the minimum required reuse separation

P
v. Thus the channels cannot be used most efficiently.

L
The simulation results also show that systems '
employing Dynamic Channel Assignment Scheme are-rather
insensitive to time and spatial changes in offered traffic,
giving rise to almost stable grades of service in each cell

[8}. oOn the other hand, in the Fixed system the said



changes in offered traffic very much worsem the service
deviation, a measane of the ftuctuations in the grade of

service from one cell to another.

4.4 Hybrid Channel Assignment Scheme (HCAS) -

The distinctive performance of the Fixed and the
Dynamic Channel Assignment Schemes enlightens the concep-
tion of the Hybrid Channel Assignmeni which is an amalga-
mation of the Fixed and the Dynahic assignment techniques
[18]. |

In the Hybrid Channel Assignment the t6t31 number
(T) of available radio channels is first divided in N
channel sets, assuming a static assignment scheme, where
N is the minimum required number of channel sets governed_'
by equation 4-1. Eacﬂ cell in the system is allocated one
of the N channel sets, observing the minimum'reuse distance
Y. If the spatial distribution of the offered traffic is
uniform, then the average number of channels per cell will

be given by
T : L
M=r . (4-4)
However the number of channels per.cell can be éppropriately

tailored. to suit the traffic demands if they are distributed

unevenly from cell to cell.



- 50 -

After the preliminary division of* channels, each
othhe N channel sets is partitioned into a number of fif;d
channels (f) per cell and a number of dynamic channels

(d) per cell such zhat

f+d=M (4-5)

The optimal channel parti‘!on ratio f:d which
will yiéld. the best systeﬁ performance depends on the
offergd traffic loading, as will be seen later. Ail the
f fixed channels are to be exclusively ;sed in their nominal
cells, whereas the d dynamic channels will be donated to
the system for dynamic assignment. Thus theqi are altogather
Nd dynamic channels in the central pool, which can be o
temporarily borrowed for service by any cell in the sy§€;m
provided the cochannel interference constraint is conformed
there at the timé of borrowing.

The partitioning of the channel sets yields an

average number of channels per cell given by [18]

) -~
m= £+ N _ . . (4-6)

where Z is the.nUmber of cells in the ICS of the cell and
j the numbqr-of times each dynamic channel can he reused
within the ICG. Generally it does not require as many
chanﬁel sets as there are members.in the ICG, that is,

N < Z. Thus the average number of channels per cell,
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L]
after channel partitioning, is generally smaller than the -
one before partitioning. In other words, with the Hybrid
Channel Assignment Scheme each cell uses, on the éverage,
fewer channels than the Fixed Channel Assignment proce-
dure. « )

Calls requesting service at a particular cell
will prefer to be served by the fixed channels if any are

available. Otherwise, the cell will borrow the eligible

dynamic channels from the system pool to service the calls.

If neither nominal fixed channe nor dynamic channels are

idle at the time of initiation of a %all in the cell, the
call will be disposed of in accordance,with'gdé:service
discipline adopted. | _ o

l | Since calls are initiated randomly, different
dynamic channels will be as§igped to service the calls in
a random fashion. The consequence sf this randomness is
well reflected>in that calls'using the same channel are
generally located in cells séparated by a distance greater
than the minimum reuse distance y. Hence the channels may
not be used to the maximum possible number of times [9, 12]

S
within the system. On the other hand, fixed channels are

allocated to cells observing the minimum reuse distance Y. /
So in order to maximize the channel occupancy, calls using
dynamic channels should be switched, whenever possible,
onto permanent‘channelé. Owing to this fact, a channel

reassignment technique is incorporated in the Hybrid Channel

. | \—\
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Assignment Scheme so as to enhance the channel as well as
spectrum utiliéation.
The- performance of sistems using the Hybrid Channel
Assignment Scheme with E;lang-B (BCC) service discipline
\\ has been studied through simﬁlation (18]. The following
| table summarizes the resplts abtained ih regard to the
performance characteristic namely the blocking probability

of the systems.

Table 4-2 ‘Performance of systems using HCAS with Erlang-B

ser;iqgnhiggﬁpline

X » .
»
o
Lecad Increase Channel partition givjag
from Base Load* lowest blocking probabilities
= 1 .

0-15% - ‘ /5 with most dynamic channels

o 15%=35% ' %ith mediu& member of dynamic

chanﬁels
35%-50% with fewest dynamic channels
above 50% with only fixed channels.: ~
* [

* Base Load is the offered traffic in Erlangs which gives
a grade of service of 0.018. ,
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For Erlang-B traffic, systems adopting the Hybrid
Channel Assignment Scheme give better erréll pérformance
than'the two amalgamated techniques at low to moderate_
traffic loadings. As the sygtems become heavily loaded the
FCAS ﬁreVaiis over the éther schemes, - This‘unsurprisingly
reflects the general characteristics of both -the Fixed and

the Dynamic Channel Assignment §chemes.

fa



CHAPTER 5

DESCRIPTION OF THE SYSTEM SIMULATED

-

5.1 Development.of the Simulation Model

The system simulated is shown'in Fig. 5.1. A

system of forty cells was chosen merely due to the system
(3 Y

limitations of the GPSS/360 [15, 161. ..

In developing the simulation model we considered

a cellular, high-capacity, land-mobile radio communication

system employing the Hybrid.Channel Assignment technique,

‘ i§ which:

(a)
(b)

(c)
1d)
(e)
} (f)

(g)

—

all cells are of ﬁniform size and shape;
the customer offered traffic is uniformerlwm 5
distributed over the entire system;

the call initiation isﬂﬁwﬁoi§son process with a
mean call arrival rate of A calls/hr.;

the call holding time is exﬁohéﬁtially distributed
with a mean of 120 sec.; '

blocked calls are delayed, i.e. Erlang-C service
discipline;

the minimum reuse distance y is equal to 3 cell
radii; v
the First Available channel assignment strategy

is adopted for reasons mentioned in sec. 4.3.



Fig. 5.1 The Cellular-Structured Mobile Radio System Of 40 Cells
That Was Simulated.

»



(a)

(b)

(c)

(d)

(e) -
* #ralls{in-progress

Also the following assumptions were made ™
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all mobiles are identifiable aﬁd_cgpld operate

on any frequency as dictated by the base sfations;

all base stations could transmit ‘on any frequency

at all times as assigned by the system controller \Q\

i.e. the MSO;

-

the power level radiated from a base station

antenna is sufficient to give an adquate SNR ratio

at the cell's boundary.

tation is ﬂ!inly due to the cochannel interference;-

Thus theiéoverage limi- |

calls that are assigned to the channels remain

on for the full call duration time spec{fied by'n

the exponential distributioﬁ;

N

there are no cell boundaries crossings for all .

Y

With a minimum reuyse distance of 3 cell radii,

the-nu@ber (N) of channel sets required to service the

——

J

desired coverage area, as given by equation 1—1 'is%equal

to 3 whlla,the number (2) of members in the ICG equals 7.

Also,  the aver:ge namber (m) of channels per ceﬂi resultlng

from the channel part1t1oning is given by f + _TL(i::f

The input narameters to the' 51mu1at1on mode1 are

-

’ ;the mean-call attempt rate A and ‘the channel divi%ion ratio

(

f:d.

-

e

S

-

In order to study the system performance an 5}f

“infinite cellular layout should be used.

_.The reason foﬁ“ﬁ\\

)
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'ﬁoing so is that for a cellular s}stém*of fihjte size, cells
near the adges of the system will‘have.fewer heighbou;ing
cells to induce cochannel interference. As a-result

calls or1ginat1ng ﬁﬁbm\the edge cells will have a greater
chan® of se121ng the dynamic channels than those coming
from the centrally located cells. This gives rise to

higher probabilities of queueing in the central cells.

Due to this edging effect we decided to collect system
.statistics from the central twenty cells in order to
ag:;)roximate an infinite system with a finite one.

e

5.2 Simulation Elow-Chart ,

The floy in t;;:;imulation model can Pe‘easily ‘
followed with the aid of thé flow-chart shown in Fig. 5.2. j’ .
An incoming call (say x) originated from cell i on entering | -t
into the System will follow one of the three paths as shown
in the. flow-chart, after some preliminary tests on the
currenat activities of the fixed as well as the dynamgc
channels in cell i. If call x passes the av§ﬁlab111ty
test oP\tHé fixed channels in cell i, it w;:I search for the
- first available fixed channel allocated to cell i and will v
then receive immediate service by that channel. If call
b 4 finds all fixed channels occupied in cell j; it will

N ,
proceed to the next tgst on the availabity\qf dynapic

channels_ which could be borrowed for use in cell J"at that

A



Fig. 5.2 TFlow-Chart For The Simulation Model Of The Cellular Mobile

Erlang-C Service Discipline.
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" moment of‘fime. On passing that test, call x will search

for the first available dynamic channel satisfying the

cochannel interference constraint and will then seize the
channel for a full call qurggion‘time. With odds against
it, call x can find neither fixed nor dynamic channels
available at the time of its initiation will have to join
the system ;;eue, in a 'FIFO' faéhion awaiting service by
an idle channel. _ i}

Upon completion of service by a fixed channel
call x releases the channel. Beforg returning the channel
to,cell i, call x first checks if other calls from the same

cell are currently being served by dynamic channels. If so,

Channel Reassignment is initiated. In the channel reassigning

'Y
process, call x hands-off the released fixed channel t&
the first such call-in-progress, thus freeing the dynamic

‘ &
channel which that call previously occupied. The reassigned

call will continue t X
T

onverse on the newly assigned fixed

channel for the remainder of ‘the call holding time while
call x leaves the system. The freed dynamic channel instéad
of returning to the central pool will redeem the 'suitable’
queued call. “

- If there is no call currently'using a dynamﬁc
channel in cell'i; call x will then proceed to check
whetﬁér-thefe are calls priginated from cell i that are
waiting in the system queﬁe for service. If so,_it wiil

forward the vécated fixed channel to the 'suitable'



.

candidate before leaving thé system. Otherwise, it will
simply return the released fixed.channel to cell i for the
next assignment hefore termihatiné its mission.

If served by a dynamic® channel, call x will vacate
the dynamic channel at the end of the call duration time.’
Before returning the channel to the central pool, call x
first examines.the current status of the system queue.
Suppose that the queue is non-empty at that moment, call x
will release the vacated.dynamic channel to service the
'suitable' queued call before exiting-the syFtem. If the
queue is empty at that time, call x will simﬁly return the

A

dynamic channel to the system pool before leaving the system.
@

At this point it is noteworthy to elaborate on the

'suitable' call search routine as marked in the flow-chart

-~
v 3S well as the strategy adopted in assigning a just vacated

channel to the suitable queued call. If the just vacated
channel is of permanent nature and is allocated to be ex-
.clusively used in cell i, then it will be assigned to the
first call in the system queue, that originates from cell
i since the blocked calls are queued in the order of their

st relieved channel is a
f

arrival timei..‘Now suppose the j
dynamic one. Matters become sligH‘T}\complicated. Recalling
that dynamic channels can be temporarily bofrowed for use

by any cell, if and only if the cochannel interferenée
constraint is satisfied there at the time of borrowing,

thus the call at the head of the queue would be prohibitéd



i

from being served by the redeeming dynamic channel if the
borrowing conflicts the interference constraint at the
origin of that call. Under this circumstance the queue will
be scanned from the top. In the scanning process, the -
redeeming dynamic channel will be assigned to gervice the
first call encountered at whose origin the interference
critériop is ﬁonformed. The queued call so found is termed
as tﬁef’suitgble' tall which has been previously referred
to. Hénée, even though the blocked calls are queued in a
FIFO fashion they are not guaranteed with such a service
discipline due to the interference constraint, but the

FIFO service is definitely provided to the queued calls
originated from the same cell regardless of the nature of
the redeeming channel. 1In othef words, a constrainted

FIFO queueing discipline has been imposed on all the queued

calls.
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CHAPTER 6

SIMULATION RESULTS

6.1 System Configurations Simulated

~ The cellular system shown in Fig. 5.1 was

‘simulated. The simulatiory was done using GPSS/360 version

01 Level 03 [15, 16Jand w2s run on the IBM/360, The

simulation was started initialNy with no calls on in the

system. The simulated sygtem tiook about 20 min to reach the

steady state. Statistics we ccllected at the end of
each simulation run.

The table below summarizes the different system
configuratious simulated. . P

e J
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TABLE 6.1

DIFFERENT SYSTEM CONFIGURATIONS INVESTIGATED

-

AVERAGE NUMBER QF CHANNEL PARTITIONS

CHANNELS PER CELL IN

SYSTEM WITH UNIFORM —TFIXED :

TRAFFIC LOADINGS
IN ERLANGS USED IN

DYNAMIC THE SIMULATION
TRAFFIC § FIXED CHANNEL
ASSIGNMENT “SCHEME
] 10 : 0
10 8 2 %5, 6, 7, 8, 9, 10
5:5 :
- 16 : 2 .
18 14 : 4 *11, 12, 13, 14, 15
12 : 6 i
26 @ 2
28 24 : 4 *20, 22, 23, 24, 27
20 : 8 -
33 2
35 31 : 4 *26, 28, 30, 32, 34
¢ 10

25

* Base Load.




6.2 System Performance

6.2—l\ Probability of Queueing

In the case of 10 fixed channels, on the average,
‘per cell, the Fixed Channel Assignment Scheme (i.e. the
channel division 10 : 0) was simulated for the sake of
validating the simulator program. .In Fig. 6.2 to Fid. 6.5,
‘the Y-axis represents the average percentage of incoming
calls that have to queue up for service as all channels
are busy at their times of initiation. This percentage is
computed, on a per cell basis, by simply taking the ratio
of the number of c;ils having to queue up to the total
number of calls initiated -in the cell in a given period of
time. As mentioned eariier in section 5.1, these ratios
are taken only from the central twenty éells and are then
averaged out to give the average percentage of callé'baving
to queue up. Also in these figures, the X-axis represents
the percentage increase in load over the base leads for
the desired grades of service ﬁhiqh are-interpréted here
as.the probability of queueing. The percentage of load in-
crease was calculated in the following manner. We first
found from the Erlané:C traffic formula given by equation ~
2-4, the‘offergd‘traffic, in Erlangs, required to givé a
desired grade‘of'service with afcertain;averaée number of

fixed channel per cell. This required traffic load is
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termed as the base load which wa§ then used as the basis

for computing the percentage increase in offered traffic.

For example, in the 10 fixed channels case, with a mean

call holding time of 120 sec, the base_load corresponding

to the probability of queueing of 0.036 is 5 Erlangs (i.e.

A = 150 calls/hr). Having determined the base load, the

traffic was then increased from 5 Erlangs to 10 Erlangs in

sfeps of 1 Erlang.

In Fig. 6.2, the simulated results for the Fi%ed

Channel Assignment Scheme were plotted along wifh the

theoretical values obtained from the Erlang-C formula. The

close matching of these two sets of data indicates that

the simulator program was working as desiréd. This ‘figure

also shows that for load increases of up to about 16% above

base load the 5 : 5 system gives the lowest probafility of

queueing, whereas the channel division of 8 : 2 performs
~better for load increases between 16% to 50% over base -

load. However, beyond 50% increase in traffié, the system

having 10 fixed channels yields the lowest probabilities of

qﬁéueing. "

From Fig. 6.3 we find that for load increases below

15% above base loéd the channel partition of 12 : 6 gives

the lowest probabilities of queueing. As the losd is

increased from 15% to about 34% above base load the 14 : 4

system yields better results, From 34% to about 39% increase

in traffic, the channel division of 16 : 2 outperforms the
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others. Once again, for 1oad.increases beyond about 40%
from base load the fixed system outmatches all its rivals.

- The performance of hhe different channel divisions
used, with an aver;ge of 28 fixed channels per cell are
presented in Fig. 6.4. The figure ;hows that for load
increases of up to about 13% above base load the 20 : 8
system has the hwest calls having to queue up for service
while the system having, on the average, 24 fixed cHanéls
and 4 dyn;mic channels per cell givés the best results
for load increases from about 13% to 32% from base load.
When the load increases lie in the range 32% to 38% the
éhannel division of 26 : 2 performs the best. Beyond about
38% load increase, it is found that the Fixed Chahnel
Assignment Scheme regains its reign over all its competitors.

From Fig. 6.5 we once again observe that at low
traffic‘loadings up to about 12% increase from base load,
the 25 :_10 system,h;ving the most dynamic channels gives
the lowesp probabiiities'of queueing. On the other-hand,

the system having a channel partition of 31 fixed channels

and 4 dynamic channels outmatches the rest when the load

is ihcreased from-12% to about 31¥%, above base load. And

. 4
the 33 : 2 system takes the lead in the range of about

-31% to 33% load increase. - Beyond 33% load increﬁse the.

Fixed Channel Assignment Scheme has the fewest calls having

- - .
= ."'b.

to join the system queue.

Y



The results presented above show a remarkable
general trend for the‘performancé of the barious system
configurations simulated in regard to the probability of
queueing. That is, systems with more than aﬁprox;mately
30% of their fixed channels being used in a dynamic mode

yield the lowest probabilities of queueing for load increases

" of up to about 15% from base loads. With load increasing

from about 15% to 30% of their fixed channels used as
dynamic ones cause fewer calls to queue up for service.

And systems hawxing less than 10% of the permanent channels

- donated for ﬁynamic use perform best as the offered traffic

is increased from about 30% to 40% above base loads. Be-.
yond 40% load increase, the Fixed Channel Assignment techmique
prevails over both the Hybri& and- the Dynamic Channel

~,
Assignment Schemes.

The genexal behaviour of the Hybrid Channel \ s
Assignment écheme with Erlang-C service disqipline is
unsurprisingly reasonable in light of the performance of

the Fixed. and Dynamic.Chanﬂel Assignment Schemes published

in early literature, [5,6,9]. \ghe‘Hybrid Channel Assignment "
Scheme behaves, at low traffic offerings, as if the load
offered to the dynamic channels is low because the load "is
shared among‘the fiié&-and dynamic 'channels. However,,h at s
high offered tfaffic, systems with manf”dynamic channels
substantially force a lot of calls to queue up for setVicé.

This, however, is the general characteristics of the

]

-
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Dynamic Assignment technique. On the other hand, systems

;
-

with only fixed channels forse fewer calls to wueue up for

service at high load offerings simply due to their optimal

re-use of the channels.

-~

oY
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6.2-2 Average Queueing Timg- -~ - %
- N - . - ‘4 T ® . " LY
/ " . Here we ﬁefine‘the average quegbing time as the

average time that a Eall on f1nd1ng all chgnnels busy at .
Tits time of 1n1t1at10n‘ spends i the system queue before

receiving 5erv1ce by an idle cﬁ%nnel We are able to deal

with the average queueing tlme for the entire system since

in our 51mu1atxon model  we assumed uniform *spatial offered

traff1c over the whole system. Thuf ﬁ% are able?to-average

- " +
-

‘out the average queuelng t1me' per cell over the'central'”

: twenty cells for reasqns ment1oned in section S5.1. However‘

1f the offered traffic is non- mn1§orm1y dlstrlbutégl then
- we could only‘talk of the”Verage queueing tlme for each

1nd1V1dual cell . Ty

d an e
?4-; fhe average queuelng tlmes obtained for the-

* 3 -

dlfferent system conf1gurat10ns simulated were.plotted )

agalnst the percentages of load 1ncrease°from base load.
| ] .
These plots aqp shown in Fig. 6.6 through-F1g 6.9.

3

In’ F1g 6.6 we see that the 5 : 5 channel d1v1s1onj

i.l

L\\\ has the lowest average qu ueing. t1mes for load increases of

up to about 16%. As the

base load, the 8 : 2 channe 'partition performs, best.

'Surprisipg as seen, the Fixed Cha nel A551gnment technlque

T ¢
‘is 1nfer10r fo the Hybrld Channel ss1gnment Scheme for all

o : -

traffic loadlngs. _This rather unusyial phenomenon can be

oed 1s‘1ncrea§e§ beyond 16% above
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explained as follows. Since in the Fixed Channel Assignment
Scheme channels aré permanently assigned to each celi and
are exclusively used there, thus calls entering into the
system will have to be served by tpeir preferred channels.
This situation is analogous to the queueing case consisting
of M single-server queues in paraliel." Both these two cases
assume Poisson arrivals, exponential sgrvice time with
servers (channels® having identical service time distributions .
and each customer (call) having its own Preferred_;erver:
However in the Hybrid Channel Assighment Scheme, each cell
facililates a hybrid formdtion of a multi-server‘queue
with Nd servers in wh%ch items (calls) have no predetermined
servers and f single-server queues in parallel. Thagnas to
say sbme calls are served by their 'preferred' permanent
channels while some have to be served by thg first eiigﬁble
'dynamic channels which become available. Queueing theory
states that the total queueing time for a group of iteﬁs
(calls) served by predetermined servers is larger than if
"they were. able té_choose the first of these serveré who ;“3
became free [20]. This explains the observed phenomenon
that the averagé queueing: times in the\Fixéd system are,
at all times{ greater éhan those in the Hybrid system.
\' Fig; 6.7.sh6w$ that the_ system with, on the | \
average, 12 fixed channels'and 6 dynamiqjchannels per céll
du;peTforms the other channel givision ratiqs for load

~ ¢
incqsgses of up to about 13% above base load. \kingg\offered
: o . i .



traffic is increased from about 13% to 36% above base load
the. 14 : 4 channel partition yields the smallest average
queueing times. Beyond 36% load increase the system with
the least numbér of dynaﬁig channels recaptures its once
lost superiority. |

The average queueing times for both the 28 and 35
fixed channels per cell follow the same patﬁern. For load
increases of up to ab&ut lS%ﬂabov%:ggse loads systems with

most dynamic channels give the smallest averag euéing

delays, while those with a medium number of dynamic channelsa

prevail as the load is increased from 15% to about‘SS%
above base loads. Above 33% load incréase system;-having
the least number of dynamic channels perform best.

This observed tfend of behaviour of the.average
queueing times follows the one ﬁgr the average percentage
of queued calls. As the avefage percentagé‘oﬂ cails having
to queue up for service increases, the average time that a
queued calllspends in waiting for an idle channel increases
accordingly. Furtherhore, as there are more calls waiting .
in the queue, 1opger-processing time is required to search
for the ‘suit§g1e' queued calls to be assigned to the jusf

vatated channels,.especiallf the ones of dynamic .nature.

\

- As seen in the four pIots, the average queueing

time varies almost .exponentially with the channel occﬁpaﬁcy.

-

A% the channel utilization factor approaches unity the’

average queueing time rises.steeply to some huge value.

~

' )

- ‘
, v,

’ .

J”
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-
This phenomenon is once -again expected as with any queueing

situation. ;

6.3-3 Average Number of Queued Calls

Once again we are able to s?eék of the average. (5/
number of queued calls for the whole'???f?ﬁ’aue-to the
assuméq uniformlyidistributed spatial offered traffic. Fig.
6.10 to Fig. 6.13. present the variations of the average
number of queued\calls with the per;éntageS'of load increase
above base loads. ‘

_ Fig. 6.10 shows that with lead inéreasing‘uﬁ to
about 15% froﬁ base léﬁd the average number of que;ed calls
'is the lowesf for.the system having equal number of fixed
an&“dyhamic chanﬁels per cell. Once .the traffic is in-
crgakedrbeyond that point, the system with, on the average,
8 fixed chafinels and 2 &ynamic channels per cell starts to
bring forth the smallea{ average number of queued calls.

| This trend can be traced thfdugh Fig. 6;11.to
Fig. 6.13. That is, systems employing more than 30% of'tﬁe
fixed channels to be used in a dynamic:mode yield the |
smallest ave?age*number of queued calls for ioad incqeases
of.up.to about 15%‘f¥om base loads. 'As fhe load offerings
are increased from aboupfls% to 32% above basé loads systems
comprisinguapgroximatef& 10% to 30%.of‘the fixed channels

for dynamic use have, on)the average, .fewer calls waiting

N _
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in the queue. 'Within approximately 32% to 40% logd‘increase‘

systemsrwith less than 103 of the fixed channels for dynamic

assignment give the smallest average number of queued calls.

From the four graphs on the average number of
queyed- calls .versus. the percentage increase in load we

could give estimates on the average buffer size required

. .
—

for each 6f the ;ystemlconfigurations simulated. With, aon
the average, 10 fikéd‘channels per cell, a maximum of 3

-

buffers is requ1red as we rarely drive the system to such

a po1nt that the channel‘OCCupanc; is over 90% which corres-
ponds to a load 1ncrgase of above 60% from base load. For'
the 18 fixed channels case 2 buffers will be suff1c1ent to
handle all trafflc loadlngs up to about 45% aboue base load,
which corresponds to a cpannel utilization of 89%.- For the
system having, on the averéée, 28 fixed channels per‘cell
it needs a maximum of 6 buffers to deal w;th various load
1ncreases‘;f up to about 30% above base load, which
‘corresponds to a channel otcupancy of about 90% ‘ Finally,
with, on the average, 35 fixed channels per cell, 3 buffers

are adequate to prOV1db decent service for all loadlngs of

up to about 23% above hase load

-
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6.2-4 Performance with Regard to Erlang-B and Erlang-C

o

Service Disciplines

. Erlang-B (BCC) service discipline yields a non-
zero probability of ‘blocking, wheréas the‘average queueing
time is zero because the calls once blocked are immediatély

cleared from the system. On the contrary, with Erlang-C
(BCD) service discipline the probability of blockiﬂg vanishes
thle thes average Queueing time is non-zero due to the
fact that calls on finding no channels available at their
times of initiation are allowed to queue for service. inn
addition, the latter discipline has a queue of unlimited
~sizé. Thus the throughput in the Erlang-C case is always
greater than thejone in-the Erlang-B case [11]. Henée the
performance of the Hybrid Channel Assignment Scheme with
regard to Erlang-B and Erlang-C service disciplines can .
only be compared on the basis of the average perc;ntage of
tim? that all available channels are occupied.

In Fig. 6.14 to Fig. 1.17, the Y-axis represents
the average percentage of time that all channels are busy..
The X-axis represents the percentage of load increase from
_base loads. The curves for the Erlang-B case are.extracted
from Ref. 18. N .

All the fou;ﬁgraphs show one common fact thét at

all times, for the same amount of load increase above base

B emdas il v -t manmm—
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per cell for Erlang-B and Erlang-C service disciplines.
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loads, systems employing the HCAS coupled with Erlang-C
service discipliné heighten the average percentage'nf‘time
that all available channels are found Busy. This phenomenon
is, however, expected as with Erlang-C service discipline
calls on finding no channels available are permltted to
queue unt1l they can be served. by some idle channels. Thug
a channel on completing its service to a call, instead of
becoming idle and returning to its nominal cell or to the
system pool naiting for the =mext assignmént, will be assigned
to servicg one of the queued calls. Conseduently, the

channels dre mor@ frehuenfly occupied in the Erlang-C case

-than in the Erlang-B case.

‘Apart from- thise discrepancy in performance, the

behaviour of the Hybrid Channel Assignment Scheme for

Erlang-C and-Erlang-B traff1c falls'in pﬁF same pattern.

For 11ght loadings, systems with most dynamlc channels

4

maintain the leading Trole in producing the best performance.
System having 5 medium number of the fixed channels for
dynamic use, perform oustandingly-when the systems are
moderately loaded. «At relative1y~high traffic loadings, s
systems comprising a few dynamic channels prevail over

all others Eventnzlly, the Fixed Channel A551gnment . *
technique recovers its 'lost grounds' when the systems are -

heavily loaded.

e



CHAPTER 7 .

CONCLUSTIONS

In the simulation of the céllular system em-
ploying tﬁe Hybrid Channel Assignment Scheme with.Erlang-C
servicg.discipline we assigned up to 33% of the chénnels
available per celi to be used in-a dynamic mode. For all
system conf1gurat10ns simylated the results obtained
dlsplayed the same general pattern. That ' is, systems with
most dynamic channels gave the loweSE probability of .
queueing, the lowest average queueing timé and the smallest
';verage number. of queued-callé'for load increases of up to
about 15% above base loads. A§ the load is increased from
15% to about'32% from base loads, systems with a-@edium
nrumber of dynamic chanmels gave the best pefformance ind;ces.
Systems with a small number of dynamic channel yielded the
least in probab111ty of queueing, average queuelng time as
well as average number of queued calls, for load 1ncwases
from 32% to about 40%\aboq§ base loads. Beyond 40% load .
increase, systems wité no dynamic channels performed best.

"This genéral pattern unsurprisingly reflects the
characteristics of the Fixed and the Dynamic Channel
Assignment techniquég under high and low offered traffic.
It may be surprising to see that though_Fhe average number

“of channels per cell after channel partitioning is smaller

/)
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“ By )
than the one before partitioning, systems using the Hybrid

Channel Assignment Scheme perform better than those emplojing

. LY
either the Fixed or the Dynamic Channel Assignment technique,

~.for low to moderate load increases. This is the consequence

of the sharing of the offered traffic between the fixed and
dynamic channels. However, dynamic channels are not always
used to the maximum possible number of times within the

-

entire service area. Thus more calls are blocked and queued

“for service at high traffic loadings. -On the other hand,

systems with only fixed channels perform best at high load
offerings due to their optimal channel re-use.
Although we have not cbnsldered systems with non-

uniform traffic distributions and cell boundaries crossings

»1n our 51mu1at10n model, we would expect a similar general

ﬁattern for the performance of the Hybrid Channel A531gnment

Y Scheme for these systems. We-'believe that the Hynrld

Channel A551gnment Scheme would show its overwhelmlng
performance with non-uniform spatial traffic since there ére.
Eynamic channels to move around to serve the normal random'\
fluctuations in the offered-traffic.

We hope that these simulation results w111 be
of use to those des1gn1ng cellular h1gh capac1t//land moblle

radio communications systems.

J
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,. . L.APPENDIX ‘A

) s . .
GPSS FLOW.CHART
\,/\

TABLE OF DEFINITIONS

Time unit = 1 msec.
TRANSACTIONS
Model Segment-1 Calls originated from cells.

Parameters of each transaction

Pl Contains the cell number ( ofig‘in )
0 of each call.
P2. Contains the channel division ratio.
P3 : Contains the fixed channel number ,
if a call is to served by a fixed channel,
P4 _ Contains the dynamic channel number,
if a call is to be served by a dynamic
chz-a.nnel. -
P9 Contains either a zero or the number
-906 depending on whether the call
has beén queued for service: -

”

PO Contains the queue number.

erdim e e

M o Pt
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Model Segment-2 Dynamic channels, seeded by the
master channel via the split block.

"+ Parameters of each transaction . ot
. o
P1-P40 Each of these 40 parameters contains
the cell number of the borrowing call,.
. ‘whenever the dynamic .cha.nr'lel is borrowed
@' 7 for use there,
P46 . T "Contains the channel divison ratio,
P47 ) ' . 'Contains the serialization number of
i : - t}‘ie dynamic channels.
P48 Colntains}che. dynarhic channel hlixrn_ber.
P49 . o Contains a varying number which facilitates-
tla‘e-sear;:h of an eligible queued call to
be served by a just vacated dynamic
channel,
~ P50 ' Contains the cell number of the call
_thé.t wants to'borrow a dynamic channel,
P5) o ~ Contains a varying number corresponding
to P10 of the call from Segment-1 to

facilitate the eligible queued call search.



. = A3 .
./"\1 ' . .
SAVEVALUES ‘ . :
T ’ . Stores the channel division ratio.
2 _ Stores the origin of the ¢ L_ﬂ;’at wishes
L to borrow a dynamic channel. |

4 Stores the number of the dynamic channel
é @:at has ‘been found suitable for borrowing )
T to the requesting call.

6 ; Storesxthe\number of the borrowed dynamic
channel‘for immedjate communication
purpose,

7 ' - Stores the origin of the call that has just
released a fixed channel upon complaticn of
service,

8 Stores the number of“the dynamic channel
- ‘ which is going"co be relieved by a just
’ Litvacated fixed channel.
\ 9 ' Stores the number of the fixed channel e
A which is goin_g to free a dynamic c}zannel.

10 Stores the column number of the matrix
J’OY‘AL, corresponding to that of the
fixed channel v&hich is about to relieve
2 dynamic channel.

11 . Stores a zero.

12 o Stores the origin of the call that wishes
to borrow a dynamic channel. . ’

14 - Stores the cell number of the call that

has just released a fixed channel.

)
i
H
1



15

16
17
18

19

VARIABLES

1-.40

41a55

56
57
59

60
61

A-4 <

Stores the column riumber of the matrix
JOYAL, corresponding to that of the
just released fixed channel. .
Stores the number of the just released
fixed channel, .
S’tore.s,the origin of the call that has just
relefsed a dynamic channel.

Stores the number of the just vacated
dynamic channel:

Stores the queue numrb_‘ér of the call  ~
which has just coi‘npieted service by )
either a dynamic channel or a reas si.gned

fixed channel.

Variable i gives the cochannel inter-

ference criterion to be met by any intended

‘borrowing of a dynamic channel at cell i .

Means of assigning dyhamic channel

numbers to the transactions from Segment-

2 according to the channel division ratio.
The run time.

The mean call holding time.-

Contains the number P3-2*P3._ A negative
value indicat.es that all the nominal fixed
channels of the cell in question are busy,
The total number of calls in the system.

The mean call-interarrival ~time.



BOOLEAN VARIABLES

1-40

50
TABI.ES
SUCES

CWS

WAIT
FAIL
STORAGES

1-40
49 ( HELEN )

CHAINS
ATTEND

BLOC
FILE

— -

-

A.s o

Boolean variable i indicates the current
activity of the dynamic channels within
the interference cell group of cell i .

Controls the simulation run. ‘

L

Tabulates the calls that have been served

immediately upon arrival, ‘
Tabulates the calls that have been se;-ved
after awaiting service for some period
of_time.

Tabulates the calls that have queued up

for service.

Tabulates the calls that have been denied

/
of service completely. ( just for checking

purpose )

Cell storages.

System storage,

Chain where calls waiting for dynamic

channels to be found available for service.

Chain where calls queue for service.

Chain used to assign the dynamic channel



POOL

GRQUPS
1-40

45
51-90

SWITCHES

1-40

51-90

FUNCTION

EXPON

- A6 -

numbers to thehcopies split from the

- master dynamic channel.

Chain ' that keeps track of all the dynamic

channels in the system.

N

‘

Group i contains the calls from cell i

which are currently using dynamic channels,

Contains all dynamic channels in the system,

Group j contains the calls from cell j

which are in the queue awaiting service,

-
Switch i informs all incoming calls from

cell i about the current availability of
the nominal fixed éhannels of that cell.
Switch j informs all incoming calls from
cell j about the current availlabiiity of
“dynamic channels that can be borrowed

for use in that cell,

s

This function is used to generate the
Poisson arrivals of calls and the expon-

ential call holding times.

A et e b i e n



N

GENERATE

A, FNSEXPON, ,,, 10

- AN -

MODEL SEGMENT.]

R T T R

1,1

(

ASSIGN

P

{

10, 51

.+ ASSIGN

GENERATE

A, FN$EXPON, ,,, 10

1, 1

( ASSIGN

Al

)

({ C5R )

{ CS5R )

ENTER

%

\
HELEN

A — e e



,\J/®

2, XHI1

- A.g .

C ASSIGN

7

QUEUE

QUEUE

MH$JOY&L.(P1, P2) G

Enter in the corresponding
queues to gather the queue-

ing statistics,

If T fixed channel available .
try to find a suitable dynamic
channel. .
{ DCS ) rd
Find the first fixed channel
that is not in use.

TEST

> ( ENCOR )

~

PR

e ca e soene



- A-9
/
ENTER
P1
DEPART @

3, MH$JOYAL(P1, P2)

ASSIGN

12

PRIORITY

le

Enter in the particular

cell Pi, R J
Y :
[ 3

Eliminate the assigned
fixed channel from the

cell Pl.

A ————
. .



o= A0 -

J .
) \I/ .
’ ‘
t

ADVANCE. ' Service by the fixed channel. i
V57, EN$SEXPON
1
If there is a call from the o
: particular cell '
> ( RDC )

using a dynamic
) channel, go freé that i
channel.
. .

-
[

If there are calls from the

CH$BLOC E same cell in the

> { SECOU }
: system queue

TEST

awaiting service, the
released fixed channel is

assigned to the first such

5 call,

= ( NON )

TEST



'

{ BRAVO )

( MSAVEVALUE ’ )

JOYAL|, P1, P2, PR, H

P . S 7

Return the fixed channel

to the cell.

Inform incoming calls of

available fixed channel(s),

LOGIC
o *1
3
P1
LEAVE

Call leaves the cell P1,

)

TEST

TABULATE

SUCES

—> (AUT1) See if that call

had been in the queue.

Ty

Tabulate the served call, *

®

T e e e e e e e e et e A a5

T e e ey i bas

e

i maioct men b

———



- A2 - '

LEAVE .

. ( BIEN )

HELEN

it
;, . \
[y &
~
B |
+
T~



G*1 NE 0,

> ( BRAVO )

TEST

~

( SAVEVALUE

14, P1, H

< )
SAVEVALUE

15, .PZ . H
L™
. :
Q SAVEVALUE M
‘116, P3, H

-

T

e

T e e eV -

-

-

Check if there
thereg are calls
from: the same
cell curréntly awaiting service

in the system queue.

S

-

j ‘Save the origin of the call
‘,;?/4i

hat has just released the

fixed channel.

Alter the priority of the first

such call in the group P10,

&

~N

i
-

Save the column number of
the matrix JOYAL corresp-
onding to that of the just

\

release.‘ci' fixed channel.

! f

Save the number of the just

released fixed channel.

{

* .



ALTER

1, 2, XH15, PR,

O

T A

U

UNLINK

ey

- A-l4 -

- Change P2 and P3 of the

selected call in the'group P1o..

¢
Unlink the selected call from

the user chain BLOC and

- ]
® send it to CHIC,
e
.
P1 °
w-}ﬁ
LEAVE
”
. P GE 0. \ -
>~ (AUT1)

. T
B P



TABULATE . | TABULATE
—~
SUCES J .
HELEN
LEAVE
~
> M_J\__/ -




( CHIC )

L

*10

SCAN

, PR, .12, 3, 3

~

- ‘| *10 ,

SCAN

PR, 12, 3, 3

ENTER /_\

DE PAR T @

~

I

REMOVE \

{ CBLK) Pass on the hg,mber

of the fixed channel
’ and the matrix

column number

to the unlinked

call from BLOC,

{ CBLK )

o

Eliminate that call from the

corresponding group P10,



“G*10 E 0

TEST

LOGIC )
* 10

{ TIEN )

‘ADVANCE Q,"l .

V57 , FN$EXPON|

DEPART @

N ;
_\\/ ‘ ( BIEN )

Service the queued call by

the just released fixed

channel.

s



- A.ll8 -

( ENCOR )

~

C ASSIGN )
/ T :

<

> ( FCS )

LOGIC

Set switch Pl if all fixed

S - channels are busy.
’ . e

Ll
/

( DCS )



- A-19 -

( SAVEVALUE

ALTER

ALL, 50, XH12

UNLINK

~—— ( DRIVE )

DEPART

{ BUSY )

If switch P10 is set, indicat-
ing that no dynamic channel
can be borrowed for use in

the cell P1, the call will have

to join the system queue.

Save the origin of the borrow=

ing call.

Inform all dynamic channels

in group 45 about the call

wishing to borrow one of them

Unlink the dynamic channel

that satiisfies the interference

. . 3
criterion. .

_— e Y . P
B e T . T

— e e



-« A20 -

(0

11
PRIORITY
ATT
LINK
— Pl
-
{ BUSY )
LOGGIC
*10
S
- X .
@9 S
14
PRIORITY

==

.can be found to meet the

The call is put in the user
chain ATTEN towait Tor the

free dynamic channel.

Set switch P10, indicating

that né dynamic channel

interference criterion. -



- AJ21

9- , 900

ASSIGN

JOIN

TABULATE

WAIT

LINK

BLOC

FIFO

N

Call is put in the user chain .

BLOC awaiting service.



( DRIVE )

- A.22 -

B

Q SAVEVALUE

D)

4, P48, H
A .
50 T, %50
( ASSIGN )
(ATTE
1 : ,
1 | UNLINK
XH2
————> (USE )
<+
PR
"PRIORITY
POOL
LINK
E P47

¢

Save the number of thg

selected dynamic channel,

Put the cell number in the
appropriate parameter of
the dynamic channel,”™ ™

indicating that the channel

is being used there.

Unlink the borrowing call

from ATTEN,

Put the dynamic channel

back in the chain POOL.,



.

- A.23 .

( USE )

JOIN

4 XH4

( ASSIGN , )

'ENTER

Pl

{ SERV )

3

ADVANCE

V57 , FN$EXPON

DEPART @

le.

Join the group P1 containg

calls currently using dynamic

channels,

Call seizes the selected

dynamic channel,

Service the call by the

dynamic channel.

.

B N .

©



- A-24

Cpeck if it is a re-

"assigned call.

C SAVEVALUE

&

6, %4, H

C SAVEVALUE )

t12, P1, H

REMOVE

*1

®

> ( BIEN )

The dynamic channel is o
\
vacated from use in the cell

Pl.

Eliminate the call from

~

group P,

ta bl g i e e e A

e



- Aa25 - \

If the system queue

is not empty, the

. } ( TRY ) .vacated dynamic
TEST . channel will go to
service one of the
' queued calls.
( DELET )
P1
LEAVE &
> (AUT1 )
TEST
TABULATE
4
SUCES - ;
A HELEN
LEAVE

e ) i A

e



y-

({ TRY )

- A.26 -

C SAVEVALUE ' )

19, Plo, H
POOL

1

48 | uNLINK

( DELET )

TR R AT w e et e BN iR s s B

-
-
'
L] -
e
I
—
L
1 -
|
‘:
i
I
| s
. ;
!
Ny L .
i
i
1
;
3
L8
~
\l
r
'



{ CHECK )

—

—_— . Save the number of the just
SAVEVALUE ' '

vacated dynamic channel.

18, P48 , H ' . )

. ( , < . .
SAVEVALUE ) tore 1 if XH17 in order

to start scanning the system

17,1, H queue for a suitable queued

call.

. 4
/ 51 , XHI19 ) _
. C ASSIGN j ,

™~

~

49 , XH17 "

C ASSIGN )

\ : Check if the inter-

ference criterion

~ : o
= [ CIRC ) is satisfied at the -~

origin of the scanned

call,




®

1 UNLINK

S L > (PROCE)

Put the origin of the suitable

u queued call in the appropriate

parameter of the redeeming 3

dynamic channel.

4
.~

= ( CHK? )

-

%51

R
-
( CHK2Z )
» . *
., PR
PRIORITY




- Aa29 -
POO
LINK
; P47
L} } | \
5
{ CIRC.)
Continue searching for the
k- —
C SAVEVALUE ) suitable queéued call to which
2 . the dynamic channel can be

assigned.

If no suitable queued

— ( iROU ) call can be found,
something has gone

wrong. .




- - A-30 -

Print out the dynamic channel
that cannot find a suitable

queued call,

g

P47
!
A
3
{ ETRAN ) . i
( - - SAVEVALUE ) Continue the search .ior a
suitable queued call to which
17+, 1, H i _ .
the dynamic channel can be

- assigned.

XH17 NE 40
TEST

> ( ETR1 )

e



49 , XH17

h ] .
(  Asson

(ETR1 )

/

= ( CHK2 )

w”l



- Aa32 o

LOGIC

*51

( CHK%)

( PROCE )

4 , XHI18

C ASSIGN )

: ,
: DEPART °

The selected queued call-

seizes the dynamic channel,

——



- Al33 .

ol ﬁ

ﬁ.____

¥,

REMOVE

\ ﬂ

11 '

PRIORITY

F-J
P1) /
[
JOIN
/
ENTER
P
G*10 E 0

'S

_TEST

Eliminate that queued call

group P10,

[+

Join the group P10 of calls

using dynamic channels.

[P, SR

R

ines e —



LOGIC

*10

{ SERV )

( CBLK)

DEPART

DEPART

- - Al34

-

Resget switch P10, indica1t/-
ing that no call from cell Pl
is awaiting' service in the

system queue.

Check in case any call is

denied of service completely.



L/\' - . - - Aa35 -

TABULATE
FAIL
. N
HELEN
LEAVE .
1 r
‘ -
- b
\’/z'
N

S Y V- S S o



—_ . e e = - e - -, '..-,-_r N YT | e war e
- A36 - 7 3 }
. i
u
p . s , :
(RDC ) ) o One of the calls using dynamic
channels ( with PR=11 ) has its
SCAN ' ‘ dynamic channel number passed
onto P5 of the pda.ssing trans-
*1, PR, 11, 4, 5| action,
I .
) ({ DUM ) !
C SAVEVALUE ) !
- [ * !

7, Pl, H

—‘)( BRAVO)

e Q SAVEVALUE )

Save the dynamic channel

8, P5, H . :
: number, !
¢ !
SAVEVALUE Save the fixed channel ;
; .o number, j
9, P3 , H f
( SAVEVALUE . ) Save the matrix column
; .“ . . ' ‘ number, '
o s . 10, *2 , H .




- Aa37 .
( ¢SAVEVALUE D

1,2, XH10, 4, XHS8

Alter P2 and P3 of the call

in group Pl \gvhicﬁ is currently.
using the dynamic channel

XHS,

N

The dynamic channel XHS8
is no longer serving the

call.

({ SAME )

REMOVE
1, , 4, XHs

@ ‘.' (DONE) ¥ ’1

B T S



TEST

( DONE )

Pl
LEAVE

= ( LIBRE )

TABULATE

> (AUT2 )

4
#
»V/ ’
HELEN )
LEAVE
) }
® ,

[

e e e e



4
TABULATE
CWS
/
HELEN
LEAVE

e h k T T T e ——— b
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( LIBRE )

( SAVEVALUE ' ) -

[

19, P10, H

-

The just released dynamic

POO : .
1 - : chastiel is unlinked from
48 |UNLINK - .the chain POOL to service
XH8 ’ - the suitable queued call,

ﬁ (‘CHECK )

.



—

. " .
‘o - A4l -
MODEL SEGMENT.2
- ’ -
( GREA ) -~
R z ,
Create the master dyanmic
. '
" channel. k
e
© 46, XHI
- A
ASSIGN j \'ﬁ
/ .
: Split the master channel
IT ~
SPL ’ . into a desired number of
dynamic channels,
A
4 .
{ LINE )
v PR ' ;
Re-starst scan of the current
PRIORITY event chain, '
BUFFER 3
FILE * Put the dynamic channels
! UNLINK in the user chain FILE:
47
2 :
N (DAS )
l Vo (a8)



” L o
e T _ A-42 _
N‘ ' 4
- d"'-;""' ~ o:
f/‘ ' {
’ / FILE

“ 1

UNLINK
47
45

S

| / N _. lﬁ(.-DA_S‘;'Ea)

48 , MH$JOY_}\L( A\

J
C ASSIGN ,

{ LIGNE )

JOIN

Assign the dynamic channel

number to the channel copies,

K = matrix row number
V.= matrix column number

i= 1,2,....,45

Joi_n-the group of dynamic

channels.

it o mmmms e

e



POOL
LINK
P47
\
( LINE )
L -8
 FILE
LINK
P47

Temporarily put the dynamic °

channels in the user chain

POOL.

Ny

T U S

e TRV N S



300000

-~

- A-4d -,
MODEL SEGMENT-3

( RAG ) \I/

o8 '~ SPLIT

( FIN )

Pl

PRI



APPENDIX B.

COMPUTER PROGRAM o

A}

. v
RCALLOCATE -BLC 1OCCWFAC, ] +FUNL] +STGL+42,LCC 2GELFMS, L -HNS.I-QUE'QS
RCALLOCATE Hsv.zc.Fsv.l.TAu.a.CHA.a.VAR.?c.EVR.EC.GRP.GO
FCALLUOCATE COM.1H1B8Z,XAC,3CCO : .
E3
*
¥ JOYAL 1S A MATRIX OF CIMENSICN (40,60), ThE CELLS IN THE SYSTeMm
* ARE SSIGNED BY NUMBERS FRCM 1 Ta 40 CORRESPONC ING TO THE ROk KNQ,
* CF JOYAL. THE COLUMAM hCe CF JCYAL REPRESENTS TFE NC. CF CHANNELS
+% ALLCCATECD TQ A CELL
*
*
SIMCCATE
%
# ] : .
¥ THE FCLLOwWING INITIALIZATICN CARDS ASSIGN VALLES (THE CHAANNEL
* NUMBERS) TO THE ENTRIES CF THE MATRIX JCYAL.
*®
x ; .
JAyAL MATN I X Hs& 2,60
TRTTTAC XFIL T T o
INITIAL MESJCYAL(21,1),101
INITIAL, MH3JCYAL(24,1),11]
INITIAL MHSJLCYAL(3,1),121
INITIAL MESOCYAL{4,1),131
INITIAL MESJCYAL(S,1).141
INITIAL MHSJCYAL(EY1) 4151
INIT AL MhEJCYAL({T741)4161
THTTTAC VHEJCYAC (3517, 173
INITIAL MHSUCYAL(GS,1),131
INYTIAL MHsuCYAL(z.E).loz
INITIAL MH$ JCYAL(2,2),112
INIT IAL MHSJCYAL(S.E).IZE
CANITIAL MHLJUCYAL(a,Z2) 4142
INITIAL MBS JUCYAL(E.2),142
INITIAL MEEJCYAL(&.2),152
TNTTTAC MREJCYAL U7, 25 102
INITIAL MREJCYAL (B,2),172
INIETTAL MHIJCYAL (G,2),142
INITIAL. MHEJCYAL(1,3),103
CINIT IAL MESJUCYAL(Z432),113
INITIAL MhRSJCYAL(2,3),123
INITIAL MHEJCYAL(4,2),133
INITIAL METJCYAL (543) 4143
INTTIAC MHLJCYAL{G,2) 4,053
INITIAL METJCYAL(742),162
INITIAL MHIJCYAL(B,3),173
INITIAL ‘WHEJCYAL(S$,3),183
INTTIAL MESJCYAL(1,4),104
INITIAL MHS UCYAL(Z2,4),114 -
INITIAL MHSJUCYAL (3,4),124




- B2 .

s

[ W e e e

EXPCN FUNCTION

0-0{-10 0104/02'0222/03
- . lé/-84l1'83/.8802-

1 VART ABLE

RN4 ,C24

$0355/0444509/.5,.69/
12/.§.2ﬂ3/.92.2.52/
.97.3.5/.98-3.9/.99.4.6/-995.5.3/.998.6.2/.999-7/.9993.8
Pl+P24P3+P4+PS+PL4PT

’ ST-'
G .915/-7.1-2/.75-[.38
eG4 -2.81/-95-2-99/.96 2.2

INITIAL MHLJLYAL{39,55),549
INITTAL MHEJCYAL(404155),649
"INITIAL MHEJCYAL(ID.&C).SSO
IITIAL MHLJGYAL(lloCC).CCO
INITIAL HHiJCYAL(lE.eC).SEO _
THITIAT FRLICYAC IS CT Y650 -
INITIAL NHEJCYAL(I4;6C).S&O
INITIAL MHBJUCYAL(154+6C),6C0
INITIAL MH$JCYAL(16.&CJ.SSO
INITIAL_ NhSJCYAL(IT.GC)-&EO
!NITIﬂL MHSJCYAL(IB-éO).SEO
INITIAL MH$JCXAL(19.&C)-CCC
INITIAL NHﬂJCYAL(2D.éC}.6£O
INTTTATC TﬂHLJC—‘f—-’:L(dl '(:n.,)'cCO
INITIAL MHLJUCYAL(Z2,6C0),5580
INITIAL MHSJCYAL (23,€C), 600 .
INITYAL MHSJCYAL(24-GC).bSO \
INITIAL MHSUCYAL(Z25,6C),550 ‘
INITIAL MH$JCYAL(26.&C).&EO
INITIAL MHLJCYAL(Z7,€6C), &CO
INITIAL MHzJCYAL(iﬂ'éc)-EEO .
TNTTTAL MR IOY AT U Z 77 €CT» 00 -
INITIAL MHSJCYAL(EO.&CJ.QEO
INITIAL MHSUCYAL (31,60),550 .
INITIAL MH&JUYAL(32-EC).650 P
INITLAL MHSJCYAL(23.6C),EC0
INITIAL MHEJCYAL(324,60),550
INITIAL MHEJUYAL(ES-&C).&GO
INETIAL MHIJCYAL (36,6C), 520 .
INTTTAL TRSITYAC TS 7,607,550
INITIAL MHSJCYAL(EB.GC).&CC
INITIAL MH$JGYAL(39vEO)-550
INITIAL MHSJCYAL(QO.bO)-éEO
%
*x
* DEFINITIONS OF EQUIPMENT ENTITIES. ﬁ
N . .
% - -
" STURAGE S1-S4C.5¢C . :
HELEN EQp 41.5 MAKE HELEN TO BE '
* . ASSIGNED ThE NG. 49 \
" HELEN STORAGE
*
&® .
* DEFINITICNS CF COMPUTATIGNAL ENTITIES., ]
o
%

EXPCNENTIAL DI FCT

THESE VARIABLES STATE

2

Y




-

2 VART ABLE P2XFU+P10+P3+F1+P7+Pg THE CCCHANNEL INTEE
3 VAR T ABLE PI+PIC+PLI+PIZ+PG+P] +pP2 CRITERION CF THE lfg,
4 VARTARL E Pat+E3I+RIZIP134F1 44P5 4P CF THE CCRRPJCELL
5 VARTAGLE . PS+P1+F4+F14+F15+E1G+P6
6 VAR T ABLE P6+k7+Pl+Fé+Pl&tElZ}PIE
7 VACTATLE PT+FO+P 24 FI+FCcHPIE+vI TG
a8 VARTALLE Pd+P214+PG+P2+P7+P1G+P2 0
9 VARI AGLE PO+EZZ+P224R 1C+P2+PB 4P 2]
10 VAT ADL E PlO4PRZS+F24+F11+P34P2+PG
- 11 VARIAGLE Pl1+F24+F25+P26+912+P3+P:C
12 VARI ABLE Pl2+4F114ECE+P2T+F15+P4+F 3
.13 VAR T ADLE Pl34F12+P27+PZR+PZS+P14+P g
14 VAR T AHBLE P14+F4+P;3+92;+P3§+915+P5
15 VARTADL & F15+Pb+ﬁ14+F30+P;1+F32i§lé
16 VART ABILLE Plo+PE+PE+PIS+P 24P I3 P17
17 VART ABLE P17+F1a+F6+F1e+p33+P34+P35
13 VAR T ABLE PlB4E1G+ET+RPE+RI Z4B354D 36
19 VARI ABLE Pl34P20+FE+P7+F18+P 354P 37
20 VAR T ABL E P20+F3G+£2] +Pa+P1G+P37+P 28
21 VART ABLE P2l +P40+FZ2+F54PR+P2C+P3G
22 VAI'1 ARL E FR2+4F23+FG+P4p+p 2z
23 VADT AL C P+ ca+F¥TO+FrS+D22
24- VARTAGLE P24 +PZ5+P114P10+pP23
25 VAR T AELE P2S+FZ26+4E11+PZ24
26 VAR ABL E P2OFZ74F124F11+F25
27 VARI ABLE P274P23+F13+4+F12+PZE
28 VAR ABLE P2B+P23+F134+F27
29 VARI ALLE P23+P30+Fl4+F13+pog
30 VAR IARLE PID4FI14FI1S+F14+PZO
VARTAGLE PI1+4FZ2:FFIDYFaC
VARSI ABLE P32+P23+F16+F1S+p2]
VART AGLE P354F24+F17+4P1€+P32
VART ABLE P34+4PES+F17+F353
VAR I ABLE P3S5+F354+F184+F17+p 234
VARIABLE PIC+PIT+F194+F18+P=5
VARIALLE P37+P3B+FZ20+F1G+P3é
VARTABLC PINA3CH+ER20+F37
VARTAGLE P3U4F40+FZ1+F20+PS
VARTABLE =~ P40+P22+FZ1+p39.
1 BEVARTIAGBLE viv'geQ
2 BVARIABLE wv2*Esp
3 EVARIABLE wv3vgsg
4 BVARIABLE wv4vEeg
S EVARTAHLE vyyegeg
3] PVARTASLE vARtEeg
7 EVARIAULE V7'EG .
8 EVARIABLE, vgegeg .
9 EVARIASLE vgigeg
10 BVARIABLE Vi1Q%geg
11 BVARIABLE VI11'Esp
12 BVARIABLE V12
13 EVARIABLE VvI3¢'geg

e e
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A

. 1a BVARIABLE VI14'E*Q

15 BVARIABLE VIStErQ

16 EVARIAUVLE V1&'E'D

17 EVARIABILE V17°'Erp

14 EVARIAJLE WVv]A'[CQ

3 EVAITAILL VISYETY]D

.20 BVARIADLE VZ2Cr'E*Q

21 BEVARIAULE V21tE')

22 EVARIABLE V22*E1Q

23 BVARTABLE Wwv23r'gp :

24 EVARIANDLE V24¢*ED

25 EVARIABLE V25'E*Q . .

26 EVARIABLE V2561'C*'0Q s -

s CVARTAODLE VZ7/YETYQD

28 BVARIABLE v28451p o

29 EVARIABLE WV291E4Q

30 BVARIABLE V30'E'Q '

3% BVARIAYLE WV31'EQ

32 EVARIAHLE V32'E*Q

33 BVARIABLE V33g9sg

34 EVARIALLE V3I4ErC

RES EVATIIAQDLE V3ISCF(

36 BVARIABLE V36'E*D

37 EVARIABLE V37'EsQ

38 EVARIAQBLE V3Bt

39 BVAPJABLE V3G'E+*Q

a0 EVARIABLE V&4OQ'E*Q

41 VAPTABLEC "XH1+1

42 VARTABLE XH1 +2 : -

43 VANTAGLRE Xt +3 b

44 VAR 1 AHLE XH1 +4

45 VARITABLE = XH1+5

46 VARI AdLE XH1+6 ;

47 VART ALLE Xkl +7

48 VARIABLE XH1 +8

43 VARIALLE . XHI +9

50 VART ADLE XH1+10

ST VAR L ACCE XHT+I1I

52 © VARIABLE XH1+12

53 VARIABLE XH1+413

54 VAR ABLE XHI +14

55 VARIABLE XH1+415 -

55 VARIADLE 108C0000 Tk1S VARIAELE IS
% . THE RUN TIME

57 VARIABLE 120C00 THIS VARIAULE IS ASSIGAN
% THE MEAN SERVICETYINE
* CF EACH CALL

S8 VARIABLE 24000C0Q

59 VAR]I ABLE P3-2%F3 ,

- )

60 VARI ABLE TCSSUCES+TCECWS+TCSWAIT THE TOTAL NDOOF CALLS
* SERVEDLBLCCKED
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i

‘ kY
L
I
‘61 VARI AGLE 26667 . *INTERARRIVAL TIME
50 BVARIAGLE (C1PLE*VEE)2(VE0*LE?E0000) .
. i
- , ;
X DEFINITIONS GF SYATISTICAL ENTITIES
£
&
SUCES TABLE Plslal,al
FAIL  TABLE Plslslo,41 . Lt
WAIT TAULE Plelelsal
Cus TABLE Pleleles) \
-3 .
Jp* . ‘
- ¥ MCDLL SEGMENT-1:GCNERATICN CE CALLS FROM THE CELLS IN A
% PGISSCN FASHIDN & ASSIGNNENT OF CHANNELS TC SERVE THE CALLS
* . PR, S . ' .
x* .
CEL1 GENERATE V6] s FNSEXPONs 99510 ATTACH 10 PARMS TC EACE
ASSIGN 1.1 CALL GENERATED ANC TAGC
ASSIGN 10,51 . ThE CELL NC TU EaCHk
TRANSEER +CSR : ) CALL GENERATED HY STCERE
CECZ™ GENERATE VOl WFNSEXFCNy 23910 ] 1T .IN PI
ASSIGN 1,2 ' v
ﬂ\\ ASSIGH 10,52 i e i
TRANSFER +CSR - .
CE!_3 GENERATE V611F|\5EXPON-:.|10
ASSIGN 143 .
ASS TGN 10,53 ‘ \
YRANSFER s CSK . .
CELC4 GCNLRATE VOL o FNSEXFCRNe29s10
ASSIGN 1.4
ASSICGN 19.54
TRANSFER +CSR
CELS GENERATE VO]l s FNSEXFON s 52510
ASS1IGN 1.5
ASSIGN 10,55 .
TRANSFER +CSR
CELG6 GLCNERATE VOl sFNSEXPCNy 3910 , oy :
- ASSIGN 1,6 ' :
ASSIGN 10,56
TR ANSFER »CSR
CEL? CGEMERATE VE] i FNSEXFON s, 10
ASSIGN 1.7 -
ASSIGN 10,57
TRAMSFER 21 CSRA
CEL8 GENLRATE VOl JFNSEXFCGNherss 10
ASSIGN 1.8
ASSiGN 10,58 .
TRANSFER +CSR . :
CELY. ‘GINERATE VEL 4 FNSEXFONs 38910
ASSIGN 1+9 i
ASSIGN 10,59 .
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PR PTI

TRANSFER

1

+CSR Ty
CEL1O CENEZRATE. VAl vFNEEXFCNsesos 10 *
ASSI1GH 1.1C ’
AGSTGN 10,€0
TRANKSFZER s CSR
CECIT GoiiCRATE VDl.r.s:XFLn....lo
ASSIGN 1,11
ASSIGN 10561 . s '
TRANSFER +CSK . .
CELI2 GENURATC V61 s FNSEXFON s24 1C
. ASSIGN "1s.12
SSIGM 10.€2
TRAMSFZIR +CSR
CELT I - GCNERATE VLT LF I\$_:_XFGI\. ess il U
ASSIGN: . 1,13 .° N
55 1GN 10,63 .
. . TRANEFER sCSR E:
CEL14 GLCHERATE V51 s FNSEXFONs s 99 I'0 N
ASLICGN 1,14 = ’
551G *104£4 .
TRANSFER . ,CSR. .
CELTS GLNERATE - - VoI, FRYERFCRs w310 A
ASS 1GN, Slal18 :
ASSIGH - 0.5
TRANSFER . L,CSR
CEL1& GEMERATE Vél'Fh$ExPDh'o--10
ASSIGN 1,16 .
SSIGH 10,€6
. TRAMSFER +CSK : .
cel.l7 GLN.‘;RATE vl oF I\:»EXFLI\. |-‘10
ASS5 TGN 1,17
. ASSIGHN 10s57 5-
. . TRANSFZR sCSR :
CELIB GENERATE VE1 yFNSEXPONs ses 10
: SIGN’ 118
SSIGN 10,68 ¢
TRANSFER sCSR
CECIY GENEHRATE Vul.FhLEXFOh..-.IO
. ASSIGH - 1416
ASSIGN ~ 10+EG - .
TRANSFER +CSR : : .
"CEL2C" CENERATE vel.FnsexFon....Jo /
. -ASSIGNH 1.2¢C
ASSIGHN -, 10,70 P
T IRANSFER +CSR
CELZY GrNRERATE VGT +FRIEXFLR 1 +++10
ASSIGN 1.21 .
SSIGN - 10,71
. TRANSFER »CSR
CEL22 .GENERATE vol pFl\SE.‘(FDN--.olO .
" ASSIGN 1422 Vf
ASSIGE 10,72 ”




TRANSFER +CSR
CEL22 GEMERATE V6] sFNSEXPGNy 59210
ASSTGN 1,232
ASSIGN 10,73
. TRANSFER +CSK
CELZ24 GENLEZATE VoL +FNIEXECNs 23310
ASSIGN 1.24 -
ASSIGN 10,74
TRANSFER +CSR
CEL25 GEMERATE VEL sFNSEXFORN w903 10
ASSTGRAN, 1,25
ASSIGN 10,75 g
- TOANSFER +CSFR
CEL2€ GENERATE Vol yFNSEXFGNesv2s 10
ASSIGN 1,26 P
ASSIGHN 10,76
. TRANSFER +CSR
&EL27 GENERATE VA1 yENSCXPONy 99410
ASSIGN 1,27
ASSIGN 10,77
TRANSFER «CSF . 7
CELZG8 GENERATE VO]l sI'NEEXFGCNyves 10
ASSIGH 1.28 '
ASS I GN 10,78
TRANSFER »CSR ]
CEL29 CLNERATE vEl OFNS’EXFDN"IIIO
ASSIGN 1.26 ,
ASSIGN 10,79
TEANSEERN  .CSR £
CEL30 GENERATE V61 JFNSEXFChesses 10
) ASSIGN 1,30
ASSIGN 10, 80 .
T OTRPANSFE +CSR
CEL31 GENERATE VSl s FNSEXFONs 55910
ASSIGN 1,31 .
ASSIGN 10,81
TRANSEER 1 CSH
CEL3Z GLMLRATE VO] +FRIEXFCRhvsvs 10
. ASSIGN 1.32
ASSIGN 10,82
oo TRENSFER +CSR
CEL32 CGENERATE vel sFNSEXPON 209 10
ASSIGN 1,32
ASSTIGN 10,23
TRANSFER 2CSA
CEL34 GLNERATE VELl sFNSEXFGNvvssll
ASSIGN 1.34 .
ASS1GN 10,84 .
TRANSFER +CSR .
CEL3S GINERATE ve1.z§sexpuw....1o
~ ASSIGN 1,35 .
ASSIGN 10,8

e

e '-_.').,,_‘. A

e G i
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i

. 4
TRANSFER 2 CSR
CEL36 CGENZRKATE VE] yFASEXFCNew»s 10
ASSIGH. 1.3¢
ASSIGN 10,86
TRANSFER » CSR
CELCS7 GUNCRATE VOIT WFRIEXFCR s+ 1C
ASSIGH 1+37
ASSICN 10.87
TRANSFER 2 CSA i)
CEL38 CENERATE VOl sFNSEXFONss3s 10
ASSICN 1438
ASSIGN 10,88 -
TRANSFER s CSK T
CEL3T9 GENCWRATE VoI T FRIERAFCR s 32510
ASSIGN 1,35
ASSIGH 10,89 s e
TRANSFER 1 CSKR
CEL40 GENERATE VECl sFNSEXFONs o910
ASSIGN 1+4C
ASSIGN 1C+ 50
TP ANSFER »CSR
X :
*=
CSR ENJER HELEN )
ASSIGN 2e¢XH1 P2 ASSIGNEC THE MAXoNC
CUEVE Pl CF FeCH,
QUEUE P10 :
GATE LR *1,ECS IF NO F.CH.
* 3 AVAILABLE GO FIND
E A D.ChR.
F
- %K - . .
%* THIS PART OF THE PRAGRANE SEARCFES FOR AN AVAILADLE FIX. CHANN. BY
& SCARNNING THRO. THE SET CF FiX. CHANN. ASSIGANED T€ THAT PARTICLLAR
* . CELL FRCM WHERE THE CALL CRICNATES
%* aﬁ A FIXe CFRANN. IS FCULAD AVAILABLE, THE CALL wILL THEN SEIZE AND
% SE _IT
F]
PN . .
FCS ‘TEST G MH$JOYAL(F1.P2)-O-ENCOR A NEGATIVE ELEMCNY
-ENTER P1 DENCTES A FIXeCHANN
DEPART Plo BEING IN USE
ASSIGH SsMHSJOYAL(F1,F2) P2 CARRIES THE FIlxeCHA
MSAVEVALUE JOYAL +P13F2+,V59, R ELIMINATE THAT FIX.
* . CEANNJFRCM THAT CALL*S
ER OF FIXSChARNN -
PRICRITY 12 GIVE A HIGHER Pk.TC
%* o ThHE CALL USING A FeCha
ACVANCE VS7 +FNEEXFGN SERVICING THE CaLL
) DEFART P1 .
B8IEN TEST E G%14+0.RDC IF A DJCHWEEING IN LSE
& IN THAT CELLSLET TrE




4

SECOL TEST NE

G*1C.CsBRAVC

¥ . JLST RELEASED FIX+ChARN  ~
%* FREE IT
LoV TESY E CH:BLECs 0.SECCU 1§ THERE IS A BRAITING

TESTRE Gx1Js0eNCA CALL,IT wiILL GLT Trk

* JUST VACANT F.CH.

, BRAVC MSAVEVALUE JOYAL+PI1<FZ2.F3sH TFE JUST SERVEL CALLS .

* RETURNED ThE F.Ch.TCCEC
LCGIC R *1 INFCRM ALL INCCMING
LEAVE Pl CALLS CF FoChs
TEST GE P9,0,AUT] BEING AVAILABLE
TASULATE SUCES . .
LEAVE HELEN e
TERMINATE .

NCMN TRANSFER sBIEN

* : .o~

*

*

-

’_\* . -

¥“THE FCLLCWING SUBROUTIN FANDLES ThE QUCUED CALLS. WHEN THERE 1§

¥ A FREE FIX CRANNEL AVAALAELt

- S—

-

BON SAVEVALUE ' 144P1 4k THE CRIGIN OF ~THE
* — CALL IS SAVED
* N...
ALTER Plo.l.PR.lz.z‘XH14 CFANGE ThE PR.CF
SAVCVALUE  15.,P2H - THE QUEUED CALLFRCW
SAVEVALUE 1E1P3s1 TFE SANZ CELL.
ALTER P10+ 42+ XhiS.FR,12 CFANGE P2 & P3 OF
ALTER P10+1+34XH16+.FRs12 THE CALL 'TC TRCSE CF
UNLINK BLOCsCHICs 14 1eXH14 THE PASSING XAC
LEAVE P1
"TEST GE P9, C,AUT]
TABULATE. SUCES
LEAVE HELE N
TERMINATE
AUTlI TABULATE  CwS
LEAVE HELEN
. TERMINATE
*
+ CHIC SCAN X10sPR,12+2,2,CBLK ASSIGN 'THE JLST .
SCAN. *10.PR,12,3+3,CHLK VACATED F.CH,.TL TEE
* CALL
ENTER P1
CLPART P10 _
REMOVE %10 . ELIMINATE THAT CALL
TEST E G¥1CyCeTIEN FRCM GRP.P10
LOGIC R . %10
TIEN ADVANCE V57 s FNSE XFON .
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A

L Y -
~,
/
. )
DEPART -3 .
TRANSFER +BIEN

THESFCLLCAING SUBROUTINE HANCLES TFE“SEARCH CF A AACANT F.Ch. DY

SCENNTING TR G
IN CUESTIGN -

***bfhk*

THE RTW UOF

THE MATRIX JOYATL CCRRF.

0 THe Tl NC.

IN THAT CELL

ENCCFR ASSIGN 2-s1 -
TEST £ P2,0,FCS NUJF\\\Tgfb
LCGIC S #1 INFCRM I MINGCALLS
* - CF _NDO AVAILWFaCHe °
:
: TRANSFER  +DCS
% .
&
¥  THE FOLLOWING_.SUBRCUTINE TAKES ~GARE CF THE ECAROWING OF AN AVAIL. .
¥ DaCHe
*
T
DTS~ GATE LK FIC6L5Y _
SAVEVALUE 2,41 ,H STORE THE CRIGIN CF -
* . THE CALL ThAT WANTS
* : TC BORROW A C.CHo
ALTER 454 ALL250yXH2 INFCRM ALL THE D.CH.IN
* THE SYSTEM GRF.GF TFE
* D.CH.OF THE CRIGIN CF
* : : THE CALL
UNCTRK PUCL, CRIVE s 1. BVFS0, ,005Y SELCCT A UeCFLWFICF
- CLPART P10 SATIFLES THE CCChHANKEL
* ‘ UNTFER CGNST.
PRIORITY 11 MAKE THE CALL WAIT FCR
LINK ATTEN,P1 A DeCH.TO BE ASSIGNEC
® - BY LGWERING ITS PR.
AUSY LOGIC S *10 NC DeCheAVAILAELE
FRICRITY 14 GIVE FIGHEF PRILRITY TC
E . TRE BLLCKED € CUEL CALL
.ASSIGM .S—+50C PS CF JHE CUED
JCIN P10 CALL IS -ET TU -90¢C
TABULATE  WAIT
LINK BLCC,FIFO QUEUED CALLS PLT IN
* CRAIN " BLCC ®
DRIVE SAVEVALUE 4.948.H STCRE THE CeChoNC.WHICK
i SATISFISS THE CGNST.FCR
& BCRROWING
ASSIGN *50.¢=ogv/ STORE THE CRIGIN CF THE
* CALL IN THE APFRC.PARAN
* GF THE D.Che INGICATING
* THEAT ThIS DoCHe WILL EE
* BCRRUYED TC THAT CALL
* +




e e s s St

- -
. 3 H 17
. s 1 - - -
) — : ! t-
B B T R P TS -, g
; ]
L] v \.\ *
UNL I NK ATTEN USE s1410XH2 UNLINK THE 1ST CALL- A Ve

* : . : & WFGSE CRIGINMATCHES xF2i.
PRIORITY PR . CHCSEN UWChe IS GIVEN i

* ‘ A HIGHER PR, ,

LINK FCOL,F47 -
USE JUTN Pi
ASSIGH L4 Xk4 ASSIGN SELECTED Du.CHe |

# . MCoTO THEN CALL :
ENTER Pt - . \\\

"SERV  AOVANCE V57 . FNSE XFON SERVICE THENCALL EY

. CEPART P1 A DWCH, )
TEST E *¥34CoBIEN 1F THE CALL IS ysiag a4

d DsCLWITHCLY REASSIG-

w - MENTeP3=0.THE LeChe.

& WILL BE RLCLEASED i
SAVEVALUE 64%4, . ‘
SAVEVALUE 12,P1,H . ]

ALTER 459 Lo XH1Z40,548,%XME : RELEASE BURRCWED LCoCH * |
REMUVE *1 s .
TEST E CHSBLCCW+CHTRY T ‘
* . . i
DELET LCEAVE. - RKELEASED D.CF.wICL BE
. TEST GE |  P3,C,AUT1 RETURNED TQ ThEe -
TABULATE SUCES SYSTEM, POQL, .

) . LEAVE HELEN - T :

. . .
TERMINATE ° o -

TRY SAVCVALUE  19,F1Q,H T "~ RELEASED D.Cr.wILL GQ
UNL TAK POOL s CHECK,y ] , 48, Xi6 SERVICE A SUITABLE
. TRANSFCR +DELET 7 . CLEUEDL CALL, *

& .

: -~ ) . »

¥ THIS PART GF THE PRCGRAMNE HANCLES THE GUEUELC CALLS WEFEN

* A D.CHe. DECUMES AVAILABLE . -

R . ~— ,

CHECK SAVEVALLE  18,P4g,H SAVE THE D.CH.NO,
. © SAVCVALUE  17.1.F R : .
ASSICGN ‘.51, XH19Q )
TRCU . ASSIGN 49, XxH17 n
. TEST C EV%49,41,CIRC sTART SCANNING ThE = ,
CHK!l UNLINK BLOC.FRGCEL141,XH17,ETRAN OUELE TU FIND THE -
ASSIGN *4G 4 %46 18T CALL AT whCse -
TEST E G251+ 04CFrK2 CRIGIN THE D+Ckr..
LOGIC R *51 : SATISFIES THE INTER-
® : - . = FERENCE CRITERIGN
CHK2 PRIURITY pa . h - - :
LINK PCOL.F47 —
. .
CIRC SAVEVALUE 17+,1,.H .
TEST E XH17s.4C8 TROU . . .
JOIN 48 . )
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N
FRINT 464+46,4C
. LINK POCL.F47
ETRAN SAVCVALUE 17+s1.H
‘ TCST NE XHY7+34C+ETRI
ASS TGN 4T XH17
TECST E OVFESS,TLETRZ
TRANSFER +CHEKL
ETRT TEST E G451+ Q04CFK2 p
LCGIC R ¥351 B}
TRANSFER + CHK2 .
ETR2 TRAMSFER sETRAN - .
PROGE ASSICN 4 +XH18 THE QUED CALL FCUND
i; OEPART P19 SEIZES THE OeClo, ’
_ RoVMOVE *¥10
FRIORITY 11 hale '
JOIN 21
ENTER P ‘
TEST E G*10s0sSERYV
LOGIC R *10
-~ TRANSFER » SERV M
*
L3 N . - .
¥ THIS PART CF ThE FRCGRAMME HANCLES ThE ELCCKEL caALLSs
¥ FOR CFCCKING PURPDSE . ’
* L .
%*
CBLK DEPART P10
DEPART Pl
TABULATE FAIL
LEAVE HELEN -,
TERMINATE )

%*
« .
s+ AFC FOLLOWING SUBRCLTINE 'hANOLES THE RELIEFING OF A IN-USE C.Cl.
% - REASSIGNING THE ‘IN-FROGRESS CALL TO A JUST VACANT F.CHa IN THE CELL
%= ; ; ,
* .

ROC  5CER ¥ PRI 4,500 TTRYING YO FTRD A CALCT
* . USING A DB.CH.IN TFEGA,.
* CCRRP. "TG THE CELL In
P CLEST. STURE IN PS GF
* THE PASSINGXAC THE NC.
* C.CFsUSLCD EY THE CALL

SAVEVALUE  7,P1,H STORE THE CRIGIN CF CAL
SAVEVALUE _ 8.PS,k STCRE THE CuCheNC.THAT
—= WICT BE RECICVED
SAVEVALUE Q,P2,n STCRE THE F.CheukICK
* WILL REPLACE TFE Ca.Che
SAVEVALUE 10.%2,H STORE THE' COLUNN NC.CF
* , JCYAL CORRP.TO F.CFaoNCH
SAVEVALUE 1140,k
ALTER

Plsls2¢XH1044.XHB

NCTIFY' THE CaALL INWRICH

P,

IRERP IR

s e A Lt et
e e e
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A S - '
i. -
r-d4 —_—
® CCLUMN 9F JCYAL TC
* RETURN THE F.CH.,
P ALTER Plels3:sXFSeboxh8 ASSIGN TC THIS CALL Tre
% FeCheNOLWHICK 1S GCIANCG
* TC _RCLICF THE CeCko
ALTCR 45+ 1 e XH7 s XH1 1 +40 s XHE KESETTING CChhRF.FARAN
REMOVE XH7 o1 994 g XHB8 y SAME CF .THE D.Ch4TC SIGNIFY
TEST E CHSBELCC.CsLIBFRE THAT TFAT CeCHW.IS AC

* LCNGER USED BY THE CALL .

* IN THAT CELL ™

M .

DCNE  LEAVE P1 IF NO CALLS IN ThE
TEST oK P9,0,AUT2 . GUCUE . THE RELIEVEE .
TALUCATE SUTES . D.CF.wTLC‘Ed“hEILHREE' -

i LEAVE HELEN TC. SYSTEM FOCL o
TERMINATE : ]

SAME  THANSFER » DONE .o

AUT2 TAHULATE CWS
LEAVE HELEN N
TERMINATE .

LIBRE SAVEVALUE 19,F10.H CTHERWISE THE D.Cr,.
URNCIRK - PCCL,CHECK 1548, X8 WILL GC SERVE Ah=
TRANSEER + CONE : CTHER ‘SUITABLE CALL

DUM TRANSFER +BRAVC
o _
% T -

* MODEL SEGMENT-2: CREATION CF BYNAMIC CHANNELS ANC THE
* ASSIGNMENT OF THEIR NUNMERICAL VALUES.

% ¥

* -

CREA GENERATE s+141410,.51 GENERATE GALY THEMASTER
X LeCle AT TIME=1.wITh
* » FR=10 & S0 PARAMS )

ASS 1GN# 464 XH1 '

SPLIT 53LINE.47,51 SFLIT THE MASTER}CoCk.
& . INTC 5 CcQPRIES uztgq 47
% USED FCR SERTALIZAVICK

FRIORITY PR.EUFFLR . . .

- UNL INK 'FILE.DA5291QQ?|2 . '

UNL INK FILEWCAS341,47,2

UNL I RK FILEZCASA441447,42

UNL INK FILC,CASE,1,47,5

UNL I MK FILE.DASC'-].!Q?'O

UNL I K F‘ILEUCAS?U.I'Q?'T

UNML T ANK FI[.E'CASE‘O!Q‘I?'S

UNL I NK FILE-CASQoIvQ?.?

UNL I NK FILE+DASY!Cs1,47.10

UNL INK FILE+CAS11,1447,11 -

UNLINK FILESCASL1Z,1.47,12 /’/#’

UNL IAK FILEsCAS1341447,13 -

UNL-TAK FILE«CAS14,14+47,14

UNLINK FILEsCAS1541+47,15
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- w
L
( g
UNL ITNK FILEWCASIC,1.,87,16 ~N J //
UNL ITNK FILE’CASI?.!QQ?.I?
UNL INK FILE+CASIR,1,47,18
UL ITNK FILE-CASIQI).'Q?olg
UML T NK FIL'E.CASEC.I.Q'{.EC
URCTERK FILE!L:‘S_ZT;-I";_QAioEI
LML INK FILEWCASZZ,1 447,22
UNL INK FILE+sCASZ3,1.,47,23
UNL INK FILEDL&ASQ“'!.Q?IEQ
UNL ITRK LEsCAS2Ea1447,2¢8 »
UNLIKK ﬁ?LE-UASEé,l.Q?:ZE
UNL I NK FILE+CASZ7, 1+47.27 ]
URLINK FILE.CAact.la4?.28 X :
CRLIRK FTttTfﬁdcboluﬁfuzé <
UNL I NK FILE CAS20+1447,2
UNL INK FILEWCAS21,1:47+21 . ol
UNL I MK, FIL%.CAS S2s1447,32" ;
UNL INK FILE+CASI3,1, 47433 ‘
UNL I MK FILEWCASZa,] 447,34 ;
UNL I NK FILE, LA°=s.r 47,3 - ;
UNL TNk -FfLEoCA L-.047|36, .
UNCTRK FILE-u’-SJfoloQ?...? )
UNL INK FILEsCASZ8,1,47,38 :
UNLINK 4 FILELCAS3S,1447,30 ‘
UNLINK T FILEWCAS4GCy1+47.40
UNL INK FILE, CASQI*\.d?-QI
UNL I NK FILE«CASGZ,) 47,42 .
UNL I RK FILEWCASA2,1,447,423
UNL I NK FILE.LAS¢4.1.47 a4
UNTTRR FiLEvCAbe.l-Ql:Q"‘
- TRANSFER »DAS]
LINE LINK . FILE.FG7 MAKE ALL CCPIES wWAIT IN
* ' FILE IN ASCENDING CRCER
* ‘ OF THEIR SERIAL NC. T~
DAS1 ASSIGN 48+ MHSJGYALC LoV41) ASSIGN ThE DeCloeNGe
* : TC F48 OF XAC
TRANSFER vLIGNE MAKE TRE DeCHe WAIT
X FLH ASSIGRMENT
DAS2. ASSIGN 48, NH$JOYAL(2.V41) ‘ .
TRANSFER sLIGNE »
DAS3 ASSIGN 48+ Vh3IJOYAL(3,va1)
TRANSFER »LICGNE
DAS4 SSIGN 48 VHEJCYAL(1 »Va2)
TRANSFER +LIGNE
DASS SIGN 48+ MHIJCYAL(2,V42)
"~ TRANSFER TsLIGRE
DAS6 ASSIGN 48, MHIJCYAL(3,v42) -
TRANSFER vLIGNE
DAS?T ASSIGN 48 NHSJCYAL(1.V4a2)
TRANSFER sLIGNE
DASB ASSIGN 4B NHEJCYAL(2,V43)
_ TRANSFER sLIGNE
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DASYH SSIGN 48, MHEJUYAL(2,v43)
TRAMNSFER '+ LICNE

DASLO ASSIGH GHVMHTICYAL(1,V44) '
TOAMSFCR s LIGNE

DAS11 ASSIGN QB.NH;JCYAL(E.UQQ)
T+ ANSEH R e LIGKNL

DASIZ ASSIGN 28, NhiJCYAL(3av44)
TRANSE TR sLIGN

DAbl’ ASSIGN 48.HH$JCYAL(1.V45)
TRANSFER sLICNE

DASIA ASSIGH 483y NHIJGYAL(Z.V45)
TRANSFER .LICN‘

DAS1S ASSIGN 43+ VHEJCYAL(3,v45)

TANSFER

DASt6 ASFIGM
TFANSFER
DASI7NES IGN

sLICGNE
48y NREJCYAL (], V4 E)
+sLICNE
48.»H$J0VAL(%.V4€)

~  TRANSFER yLIGA

DAS18 ASSIGH " QS.HHSJCYAL(J.VQC)
TRAMNSFER sLIGKNE

DAS19 ASS]GH 4J.NH$JCYAL(I.V47)
TOANSFCR YL TGN

DAS20 ASSIGN 4By NRTJOYAL{Z,V47)
TRANSFER +LICGNE

DAS21 ASSIGN 48y MHIJOYAL(Z,va7)
TQANSFER sLICGNE

DAS22 AsSIGN QB.NHSJUYALII-VQB)
TRANSFER +yLICNE

DAS23 ASSIGH 48y MHIJCYAL(2,.V4E)
TRANSIER yLICNE

DAS24 ASS [GN 48-NHEJDYAL(3.V4E)~
TRANSFER sLICN

DAS25 ASSIGN 48,~HsJanL<1.v49)
TRANSFER +LICNE

DAS2€& ®SSIGN 484 MHEJOYAL(2.V4G)
TRANSF ER +LIGNE

DASZ? ASSIGN 48y NHEJOYAL (3,V45)
TRANSFER sLIGNE

DAS28 aS5siIGH 48+ ¥HIJOYAL(1,V50)
TPANSFER »LIGNE

DAS29 AsSigN 484 MHEJOYAL(Z,V50)

© TRANSFER +LIGNE

DAS3C ASSIGN 48.~H$JCYAL(3.V50)
TRANSFER +sLIGNE

DAS21 ASSIGN 48 NHEICYAL (] 4V51 )
TRANEFCR WLIGNE

DAS32 ASSIGH 482 MHIJCYAL(2,V51),
TRANSFER |  L,LICNE

DAS323 ASLIGN 4B.NH$JOYAL(3-V51)
TRANSFER »LICNE

DAS34 ASSIGN 48.NHSJDYAL(1-V52)

*  TRANSFER sLIC

Ed
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DAS3S Ass1gM 48.Hh$JG?AL(E.V52J
TRRANSFER sLICGNE
DAS3éEé ASSIGN aa.MhiJUYAL(E.VSE)
THAMSF ER oLIGNE
DAS3?7 ASSIGN 48.HH$JCYAL(1.V53)
THANEFER s LTTRNE
_”OAS382 ASS1GN QS.NHIJCYAL(E-VSB) .
TRAMSFER +LIGNE
DAS39 AssIGM as.NHSJOVAL(a.VSE)
TRANSEFCR sLIGNE .
DASa0 ASSIGHN 48.HH£JOYAL(1.VS4)
TRANSFER sLICGNE ,
DAS41 'ASSIGN aaqkﬂiJGYAL(E-VSQ)
TRANSFER yCTCNL
0AS42 ASSIGH -4E'NHsJCYAL(3.v54)
TRANSFER sLICGNE
DAS42 ASSIGHN 48.Nh$JOYAL(!.V$S)
TRANSFER 'LIGNE
DAS4 4 ASSIGN 48.NH$JGYAL(2-V55)
TRANSFER yLIGKE
" DAS4E ASSTIGN 48.NH$JCYAL(3.V55)
TRANEFER +LTGKNE .
LIGNE JOIN 45 . : ,
LINK PCCL.F47 .
%
* - : -
% MCDEL SEGHENT-3: SIMULATICN RLN TIME CCNTRAOL
»
M -
TIM CENTRATE JJCTTCDO .
TEST & BV50,1,.RAG
TECHMINATE 1
RAGC SPLIT 20sFIN,sS
FIN TERMINATE,Y 1
TERMINATE 1
START 1 NP
HESET S41 | oy
START A8, .06 .
END
4
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