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Abstract

A model is developed based on the multi-agent paradigm for the study of user behavior
and its impact on the blocking probability at the air interface of GSM networks. Aspecis
of user behavior studied are the flashing phenomenon and the effccts of variations mean
call duration for a given traffic load per user. The effect of encouraging users to modify
their behavior through feedback under ligh load situations is also studied. The results
indicate that both flashing and the increase in call intensity due to reduced mean call
duration for a given traffic load per uscr have a detnmental effect on performance. The
use of feedback during period of network congestion was also found to improve

performance.
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CHAPTER ONE
1.0 INTRODUCTION

In the introduction to their paper, “Modelling customer redial phenomenon in mobile
networks”, Tran-Gia and Mandjes [1] state that
“... the Quality of service (QoS) experienced subjectively by individual customers or mobiles
is the crucial factor to determine svstem performance”
They went on further to state that.
“... u proper modeling of customer behaviour is essential in order to gain realistic input for
network planning "',
QoS is defined by a combination of parameters 2], salient amongst them being;
e Transmission quality (level, crosstalk, echo. ete.)
e Dial-tone delay, and post dial delay
e Grade of service
¢ Fault incidence and service deficiency
In network planning the aim is to implement a network that achieves a certain level of
QoS in an efficient and cost effective manner. The aspects of customer behavior alluded
to by the above include, call rate, call holding time and mobility. Some of the QoS

parameters mentioned above are directly impacted by these facets of user behaviour. For

instance, the grade of service which is the ratio of the number of unsuccessful calls to

total number of eall attempts during the busy hour [3] is directly impacted by the call
T

rate. Some of these aspects of user behavior have been extensively studied particularly

customer mobility and the redial phenomenon. Examples in this regard include the works

of Liu et al [4], Camp et al [5]. Zimmermann et al [6] and Lin et al [7][8]. Some of the

other aspects of user behavior particularly those characteristic of users in Ghana has
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recetved significantly less atiention. For instance the phenomenon of flashing where users
dial a number and hung up after receiving a dial tone receives very little discussion

beyond its definition in literature.

A general diagram of traffic in relation to the telephone network is given in Figure 1-1[9].
The traffic demand is not fixed. Variations arise due to factors such as time of day and

SCAS0N.

Traffic ——* Traffic
Demand Offered

Given up before Rejected Busy subscriber
even trying traffic No-answer traffic
{congestion)

Figure I-1Handling of Traffie by a Telephone Network

In order to achieve the QoS targets set for a network an estimate is made of the initial
expected offered traffic and modifications are made to the network on an ongoing basis to

make sure that the targeted service level is achieved and maintained.

Calls amrive randomly at a telephone exchange or in the case o GSM networks, base
station. This means that there may be times when the traffic level significantly exceeds

the busy hour level used in dimensioning the system. This may lead to a significant



degradation in service level. This situation is amplified in mobile networks where users
carry their terminals along with them. For instance, the hosting of a football match in a
stadium may result in a large concentration of people at one place which in tum may
cause a significant traffic load on the serving cell. Attempting to design a network to
accommodate situations such as these would lead to over dimensioning and wastage of

resources.

Instead of trying to provide the targeted level of service by coping with as much of the
offered traffic as possible, a novel approach would be to try and control the fraction of traffic
demand that is offered to the network. This could be done by monitoring the offered traffic
and giving feedback to users when the system is congested. This method of controlling traffic
18 particularly suited for cellular networks such as the GSM where such traffic hotspots, as
they are called, tend to be very localized. Mechanisms such as cell broadcast exist in the
(iSM specifications for providing the requisite feedback and suggesting methods to users to
control the proportion of the traffic demand that turns into offered tratfic. This mode of
traffic control has been investigated by Shinagawa et al [10], Shinagawa et al [10] also point

out in their work that the feedback also tends to boost satisfaction level of customers.

The analysis of traffic offered to wireline telecommunication networks has been
traditionally based on queuing models. This approach has been extended to the study of
cellular telephone networks—THc fundamental difference between the way in which
wireline and wireless networks are organized has meant that some of the assumptions that
=

were made in the analyvtical study of wireline networks have been invalidated. For

instance, the traditional assumption of an infinite user population cannot be said to hold



true to micro cellular networks. In addition, 1ssues such as user mobility have increased
the complexity of these models. This has led to the increasing use of more diverse

methods in the analysis of cellular network traffic.

Tutschku et al [2] suggests that the analysis of traffic from the service area of mobile
communication network can be one based on two approaches. In the first approach (the
traffic source model) the traffic is represented as a population of individual traffic sources
performing a random walk. In the second approach (the network traffic model) the
system is seen from the perspective of a non moving network element, typically the base

station. Both of these approaches are used in mobile network design,

In the study of user behaviour and its consequences on mobile network performance the
traffic source model is the more appropriate of the two. Multi-agent simulations systems
have gained prominence as effective tools in the study of systems involving large
numbers of autonomous agents, Multi-agent simulations have been applicd successfully
in study of various systems in sociology, biology, physics, economics, and marketing
[11]. Multi-agent simulation systems hold promise as a means for the study of teletraffic
models that use the traffic source approach. Shinagawa et al [10] however were the only

ones found in literature to have used this approach in study of teletrafTic.

1.1 MOTIVATION _—

The behaviour of users in their interactions with the GSM network can have a significant
_—-_.--_‘_

effect on network performance and thus also on the users perception of the quality of

service being received. Network planning engineers need to have a good understanding

of the various aspects of this interaction in order to properly dimension and conFigure
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their networks. Due to the complexity of these interactions however, most of the methods
available for analysis provide only a limited insight. As new methods of analysis arise
therefore, it is important to go back and see whether they are able to provide further
insight both at the qualitative and quantitative levels m order to improve the network

planning process.

Furthermore, GSM networks are constantly being modified to meet increasing traffic
demand and also to improve the quality of service. These changes however usually come
at significant cost to the network operator. It is therefore necessary for the network
operator to have a means of gauging the potential benefits of a proposed course of action

before actually undertaking them.

1.2 OBJECTIVES

The specific objectives to be addressed in this work are listed below;
l. Develop a medel for user calling patterns/behaviour with respect o their
mteractions with the GSM network based on multi-agent approach.
2. To apply the model in studying the following
a. How variations in the model parameters affect blocking probability at the

air interface. The parameters whose variations are considered are

_ i offered traffie—
1. mean call duration

ii. variations in call intensity due to flashing

b. How modifications in user behaviour with respect to those parameters

given above can improve blocking probability at the air interface

5



particularly during periods of congestion. The following behaviour
modifications are studied
1. use of alternate services at the air interface

11. deferment of calls

1.3 Outline

This work 18 divided into five chapters. Chapter one 15 an introductory chapter, it presents
the motivation and objectives of the project. This sets the stage for the chapters that

[ollow.

Chapter two gmves a review of relevant literature. Chapter three gives a description of the
model used in the simulation and the simulation itself. The chapter also contains
rationalisations of some of the design decisions made. Chapter four present an analysis of
results of the simulations. Chapler [ive contains conclusion and general recommendation

as to how the resulis obtained can be used and areas of refinement and further study.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 GSM System Overview

The service area of a GSM network is referred to as a Private Land Mobile Network
(PLMN). The PLMN is structured in a hierarchical manner as shown in the Figure 2-1
[12]. The PLMN is divided into a number of regions each of which is under the control of
a Mobile services Switching Centre (MSC). This region is further divided into a number
of Location Areas (LA). Location areas allow the system to keep track of the location of
mobile users. Every time a user enters a new location arca a location update is made. The

LA consists of one or more cells.

GSM Network (PLMN) |
MSC Region [ MSC Region |
Location Area - Location Area’
= % | |BSController | | - sse
h o= =g
M _IES CantrmlerJ fLDl:-‘-JII'm Area |

| MSC Region |

Figure 2-1; GSM Network Hierarchy

-

Figure 2-2 [-fZTéﬁuws the mmnal components of a PLMN. The components are
grouped-into the following subsystems
s Base Station Subsystem

» Mobile Switching Subsystem



* Operation and Maintenance Subsystem

i mi-'
BTS
M5
MS
ETS Base Transcerwer Station HLR
asC Basa Station Conteoller VIR
MSC Mobile Switching Canter EIR
OMSC  Galeway MSC AUC

ISC Internatonal Switching Center omc
Figure 2-2: Major Functional Compenents of GSM Network

2.1.1 Base Station Subsystem (BSS)

Motile Station

Home Location Register

VisHed Location R B
Equipment |dentity tor
Authentication Genter

Operation and Maintenance Center

The main network elements that make up the BSS are the BTS and the BSC. The

coverage area is divided into a number of cells. A single cell is the area within the radio

coverage of one Base Transceiver Station (BTS). The functions of the BTS as indicated

in [13] include:

* Encodes, encrypts, multiplexes, modulates and feeds the RF signals to the

antenna, =

* [ime and frequency synchronization signals transmitted from BTS;

—

e Voice communication through full rate or half rate speech channel:



e Received signal from mobile is decoded, decrypted and equalized before
demodulation;

o Random access detection:

¢ Timing advance measurement;

o LUiplink radio channel measurements.

A number of BTSs are connected to a BSC. The functions of the BSC include

Radio Resource (RR) management for BTSs under-its control;

o Intercell handover;

* Power management of BTSs;

e Time and frequency synchromization signals to BT Ss;

* Time delay measurement of the received signals from MSs with respect to BTS
clock;

e Controls frequency hopping;

e Performs traffic concentration to reduce the number of lines from BSC to MSC

and BTSs;

¢ Provides interface to the Operations and Management for BSS.

2.1.2 Mobile Switching Subsystem [M55)
The MSS is made up of the MSCs, GMSCs and the associated data bases. The MSCs are

responsible for the call switching functions in the GSM network, The Gateway Mobile

-

Switching Cemter (GMSC} wﬁ?ﬁfﬁgl; for mterfacing with other telecommunications
networks. There are a number ol databases in the MSS that perform varnous functions.
Gsaras

These are listed below along with their functions
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Home Location Register (HLR): — This is a central database for the storage of
user profiles.

Visitor Location Register (VLR): — The VLR stores the profiles of users in the
LAs to which it is associated. This prevents repeated queries to the HLR. The
VLR may also hold information regarding the subscriber which is only of
significance in the subscribers current LA ¢.g. temporary mobile subscribe

identity (TMSI).

2.1.3 Operation and Maintenance Subsystem (OMS)

The Operation and Maintenance subsystem is responsible for continual monitoring of the

network through one or more Network Monitoring Centres. Network configuration and

maintenance functions fall under the OMS. Tn addition to this security and administration

are also handled by this section.

The AUC and EIR are also considered to be part of the OMS. Their functions arc

described below.

Authentication Centre (AUC): — Before a user is allowed access to the GSM
network it is required that it is properly authenticated. The kev values required for
the authentication process are stored in the AUC. The AUC is usually integrated
with the HLR.

Equipgié;;.t-lﬂentityJngiAer{EIR}: - This database stores Intemmational Mobile

Equipment Identity (IMEI) which i1s a kind of senal number that uniquely

T

identifies each mobile. This allows the network operator to keep track of the



mobile equipment being used on its network and for instance deny service to

blacl-lhisted termmals.

2.2 GSM Air interface Architecture

G:SM operated initially in the 900MH7 frequency band. A frequency division duplexing

(FDD) scheme is used with 890 — 915 MHz for uplink and 935 — 960 MHz on the

downlink. The use of a carrier spacing of 200 kHz provided 125 duplex carrier

frequencies [13]. Each carrier is further divided mto 8 channels using time division

multiple access (1DMA). Over time more frequency bands have been allocated for the

operation of GSM networks. In Ghana for instance these networks work in both the 900

MHz and 1800M1iz bands. Table 2-1 [14] lists all the frequency bands used worldwide

for the operation of GSM networks.

Table 2-1: Worldwide GSM Frequency Bands

System | Band | Uplink (MHz) | Downlink (MHz) ffhal_mnl Number
| T-GSM 380 | 380 | 380.2-3898 390.2 - 399.8 Dynamic |
T-GSM 410 | 410 | 410.2-4198 | 420.2-429.8 ‘Dynamic
GSM 450 | 450 | 4504-4576 | 4604-467.6 250 - 293
GSM 480 | 480 | 478.8-486.0 | 488.8-496.0 306 - 340
GSM 710 710 698.0 -716.0 F280-746.0 Dynamic
GSM 750 | 750 | 747.0-762.0 | 777.0-792.0 438 - 511
T-GSM 810 | 810 | 806.0-821.0 851.0 - 866.0 Dymamic
Cish B50 Ral B24.0 - B49.0 869.0 - 894.0 128 - 251
P-GSM 900 | 900 | 890.0-9150 | 935.0-960.0 1-124
CE-GSM 900 | 900 | 880.0-9150 | 9250-960.0 | 975- 1023, 0-124
'R-GSM 900 | 900 | 876.0-9150 | 921.0-960.0 | 955- 1023,0-124
T-GSM 900 | 900 | 870.4-876.0 | 9154-921.0 Dynamic
DCS 1RO0 | 1800 | 1710.0- 1785.0 | 1R05.0 - 1880.0 512 - 885
PCS 1900 | 1850.0 - 1910.0 | 1930.0 - 1990.0 512-810

1960

,H-""'-—_'_

Mote: The Table shows the extent of the band and not center frequency.

% P-GSM, Standard or primary GSM 900 Band

R-GSM. Railways GSM 900 Band [ includes Standard and Extended GSM 900 band)

= E-GSM, Extended GSM 900 Band (includes Standard GSM 900 band)

T-GSM, TETRA-GSM

11



Modern telecommunication networks operate using two logically distinct networks. The
first 15 a circuit switched network that is used to carry user traffic. The second is a packet
switched network that is used for control signalling. The GSM air interface has a number
of logical channels multiplexed onto the physical channels which allow for the
performance of these two distinet functions. Figure 2-3 given by Mehrotra [13]

summarises the various logical channels found at the GSM air interface.

LasM CRannsis

I

TCH (Teatlic Channeds) G t&gﬂJrT Charnes)
HOCH {E}undc'.asl Channaok NBAE) | BCCH Medicatea Conirel Chanmeis, NO)
CCCH (Common Control Chameds, NEVAR)
i
: ] .
Fuillrata Haltrats e L Downink plink ; : .
[—k_l Show Fast
TCHF TOHM FOCH SCH PO AGCH RACH SACCH SDCCH FACCH
ME Norma Burgl
D8 Dummy Burst
AR Aooees Burgl

Figure 2-3: Logical Channel Hierarchy

The functions of these channels are explained below
e Traffic Channels: - These channels carry speech or data in a point to point
fashion. The Traffic channels are of two classes. Full rate channels (TCH/F)
pmuide::fl.:-aia'i'ales of 12kbps Tor speech and 14.5, 12, 6, 3.6 kbps for data. Half
rate channels (TCH/H) are used to provide additional capacity at the air interface

s
without increasing the number of physical channels. The half rate channels

12



operate at half capacity of full rate channels in terms of speech transmission and
at 6 kbps, 3.6 kbps for data.

e Signalling Channels: - these provide various signalling functions and are further
divided in to three subgroups. These are

o Broadcast Control Channel (BCCH):- the broadcast control channels
operate in a unidirectional point to multipoint mode on the down link. It
provides information about the organisation of the PLMN. This allows the
mobile station to register on the system. Specifically the Frequency
Correction channel allows the mobile to accurately tune to the base station
whilst the Synchromization Channel (SCH) provides information needed to
synchronise with the TDMA frame structure of the base station.

o Common Control Channels (CCCH): - These operate in a bidirectional
pomnt to multipoint mode. Their pnmary purpose is to provide signalling
needed to manage access to the system. The random access channel
(RACH) 1s used on the uplink by the MS to request a DCCH. The RACH
operates in multiple access mode using a principle known as slotted
ALOHA. The Access Grant Channel (AGCH) 15 used on the downlink to
allocate a DCCH to an MS whilst the Paging Chanrel (PCH) is used on
the downlink to signal an incoming request to an MS.

o Dﬁ’d.-'f_*q.fﬁ." Control Channels (DCCH):- These channels are bidirectional

e _,..--""".-.-_._—
~point to point channels used to provide signalling to a specific MS. The

Al Stand-alone Dedicated Control Channel is used to provide signalling
between the MS and BSS when there i1s no active connection. This channel

15 utilized in the provision of services such as Short messaging service

13



(SMS) and Unstructured Supplementary data Service (USSD). There arc
also another class of DCCH known as the associated dedicated control
Charmels (ADCCH). The existence of these channels is tied to the
existence of a TCH or SDCCH. There two types of ADCCH. The slow
associated dedicated control channel (SACCH) is used to carry
information required for optimal radio link performance. This includes
information for transmit power control and measurement reports. The fast
associated dedicated control channel (FACCH) is used in a situation such
as durng handover when a signalling channel faster than that afforded by
the SACCH is needed. The channel is created by stealing some time slots
from its associated TCH.

In addition to the above a Cell Broadcast Channel may alsc be defined. This is used to

provide a service similar to SMS but which operates in a point to multipoint fashion on a

per cell basis.

2.2.1 Logical Channel Combination

Not all logical channels are used concurrently by the BTS and MS. A number of channel
configurations are defined by GSM standard. Thesc arc offcred by the BS and utilised by

. the M5. The combinations offered by the BS are shown in Table 2-2 [12].



Table 2-2: Channel Combinations offered by Base Station

B1 B2 B3 B4 B5 B6 B7 B8 B9
TCHF [l | | '
TCHH | [ | | -
TeRm || L B DI y
 BCCH | TR B
FCCH = '§ N .
scH | | 3
CCCH ] |
| _ EEE il
SDCCH | . |
SACCH [B = B =
=2 2 U EEE B

Depending on the current state of the mobile, it can only use a subset of the offered channels.
Table 2-3 shows the various combinations of logical channels used by the mobile station. M1
1s used when no physical connection is present, M2 and M3 are used by active mobiles in
standby mode; M4 is used when dedicated signalling is required. M5 —MB are used when
traffic is being transported with M8 used for multi-slot communication. In the case of multi-
slot communication, » represent the number of unidirectional timeslots and m the number of

bidirectional channels used by BTS.
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Table 2-3: Channel Combinations used by Mobile Stations

M1 | M2 M3

Figure 2-4 [12] shows how the logical channels are used in the case of an incoming call

setup.
M3 B55MSC
Zagirg Request - =
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Figure 2-4: Example of Logical Channel use (Incoming call)
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2.2.2 Frame Struciure and Bursts

The logical channels deseribed above are mapped onto physical channels of the TDMA

frame. The structures defined for this mapping are shown in Figure 2-5 [12].

1 2 2048 | Hyperframe
1 2 25 | 26
Sy ame
1472 ~ 50| 51 s
P — T = ‘_‘.' o ——— - =
s 1 50| 51 | —g——p=c----- =
------------- 1 2 25 | 26

51-frame Multiframe - 26-frame Multiframe

Figure 2-5; Logical Frame Hierarchy

The most basic structure is the multiframe. There are two types of multiframes. the 26
frame multiframe and 51frame multiframe. The names are derived from the number of
TDMA frames comprising the multiframe. The 26 frame multiframes are mainly for the
transport of user payloads whilst the 51 frame multiframes are used for signalling
channels. Fifty-one 26 frame multiframes or Twenty-six 51 frame multiframes are

combined to form a superframe. 2048 superframes combine to form a hyperframe.

2.2.2.1 26 Frame Multiframe

The multiframe 1s made up of | time slot from 26 consccutive TDMA framcs. Twenty-
four of these time slots are used as Full rate TCHs and 1 time slot is used for SDCCH.
The last time s_igtﬂ left idle,"'v_‘f;hﬁn_hzlf—rate TCHs are employed the idle time slot is used

to provide the additional SDCCH channels reguired. The FACCH is provided on the 26

——
frame multiframe by stealing bits from the traffic channels.
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Figure 2-6: 26 Frame Multiframe
2.2.2.2 51 Frame Multiframe

This multiframe is used 1o map control channels that are not associated with a TCH unto
the TDMA frames. The structure of the 51 frame multiframe is more complicated than
that of the 26 frame multiframe due to a number of reasons. The first being that, some of
the channels are unidirectional thus resulting in different frame structures on both the
downlink and uplink. Furthermore, as discussed above, there are a number of channel
configurations that can be adopted and the structure of the multiframe is dependent on

this configuration.

2.2.2.3 Bursts

A burst 15 the sequence of bits carried in onc time slot. There are five types of bursts.

Their structure is shown in Figure 2-7 [12].
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Figure 2-7: Burst Structure

L]

Normal Burst: This is used to transmit information on all channels except the
RACH. At the beginning and end of these bursts there are three tail bits. The
period occupied by these bits allow the transmitter power to be ramped up or
down as needed. The stealing flags are set 1o indicate whether traffic or signalling
information is being carried. This is used for instance 1o carry the FACCH during
handover. The training sequence bits are a predefined bit sequence used for
channel estimation. The rest of the bits contain error coded and encrypted

information.

Frequeney correction burst: this is used for frequency synchronization between
et L e

the BTS and MS. All the bits transmitted in this burst are set to zero which

cﬁrrespﬂnds. to unmodulated carrier frequency.

Svachronization Burst: this burst is used to transmit information that allows the

MS to synchromise in timé&with the BS. The Reduced Frame Number (RFN)
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allows the MS to determine the current position in the logical frame structure
defined on top of the TDMA frames as discussed above.

¢ Dummy Burst: this is transmitted when there is no other information to be
transmitted.

e Access Burst: this is used by the MS on the RACH to request access to the

system.

All bursts contain guard periods which are used to prevent overlap between bursts in
adjacent timeslots that are transmitted from different MS which may not be perteetly
synchronized. The guard period of the aceess bursts are especially long because of the

random way in which these bursts are sent.

2.3 Services at the GSM air Interface

The services offered by the GSM network at the user network interface (UNI) can be
grouped mnto two, telecommunication services and supplementary services. The
telecommunication services are further divided into bearer services and teleservices.
Bearer services offer the basic capability to transfer binary information providing a
standard transport mechanism that can be used by higher level applications. Teleservices
are standardized services that run on top of the bearer services providing facilities for end
to end communication. The supplemenlary services are used in conjunction with the

telecommunication services, E_I‘g:.:i.diag—'mﬂreas;ed control and extension to these services.

2.3.1 rer services

‘The bearer services provide the lower 3 layers of the OSI reference model. They provide

a basic mechanism for the transport of binary information. Bearer services are classi(ied
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according to the demands they place on the network as regards transmission capabilitics

but also intemetworking functions. The basis on classification includes:

232

Access structure: - Bearer services can be either circuit switched or packet switched.
Further individual bits or frames may be transmitted synchronously or
asynchronously.

Data rate: - the various bearer services operate at different bits rates. Data is
transmitted with bearer services with bit rates of up to 9.6kbps whilst voice is
transmitted at 1 3kbps.

Transfer mode: - Bearer services are offered as either transparent or non-transparent.
The transparent mode offers a constant bit rate, constant delay transport service
between the terminal equipment and internetworking function in the MSC. Forward
error correction is used with the residual error dependent on channel conditions. The
non-transparent mode uses automatic retransmission requests to improve the residual
error and making it independent of current channel conditions. This however results
in variable bit rates and delay.

Internetworking requirements: - Bearer services may be classified according to the
kind of intermetworking function that needs to be activated when transporting it
across network boundaries. In this regard the service can be either unrestricted digital

data (UDI) or 3.1 kHz audio.

Teleservices
-

The teleservices operate on 1mgaan:r services and require that the terminal

ﬂq_ui_[_!glgm contain the necessary facility to interpret the protocols used in their

implementation. A number of these teleservices have been standardized with the most

no Table amongst them being voice, SMS and facsimile transfer.




2.3.2.1 Short Message Service (SMS)

The short messaging service is a teleservice that allows an MS to send and recieve short
text messages of up to 160 characters in length. Figure 2-8 shows the various network

elements that facilitate the delivery of SMS [15].
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Figure 2-8 Network entities involved in the provision of SMS

The SMS 15 originated by an SME which may be another MS or computer connected to
the service centre (SC). The function of the SC is to store and [orward SMSs. The short
message service—gatcway mobile services switching centre (SMS-GMSC) and short
message service mnlerworking mobile services switching center (SMS-TWMSC) are
dedicated functions within the MSC. The former allows the MSC to receive messaged
from the SC, interrogate the HLR and forward to the message the recipient. The latter
gives the MSC the MSC the ability to receive and forward SMSs to the SC for onward

delivery to the recipient.

-

SMS since its infroduction has increased in popularity and is now a major source of
revenu many operators. SMS has found application in both person-to-person and
person-to-machine contexts and machine-to-machine context. Le Bodic [16] gives a

summary of the various use cases.
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SMS as discussed above provides a facility of point-to-point communication but the
GSM standards also contains specifications for a point-to-multipoint text messaging
service. This service is known as Cell broadcast service (CBS). This service is similar to
SMS but is broadcast from a base station to all MS in its coverage area. This service
however has not achieved the popularity of SMS. It has however found application in
some niche areas such as emergency alert systems [17],] 18]. The recently introduced

Yello Zone by MTN also uses the CBS.

2.3.3 Supplementary services

The supplementary services are used in conjunction with the telecommunication services.
They provide additional control and enhancements to these services. A number of
supplementary services have been standardized in the GSM specifications. Some of the
more common ones are enumerated below

e Call restriction/barring

Call forwarding

Call holding and waiting

Caller line ID presentation and restriction

Multiparty calls / conferencing

2.3.3.1 USSD (Unstructured Supplementary Services Data)

This lacility f.tﬁl:rws'bijémturs terdeTine custom supplementary services based on short
codes [15]. In the first specification, the services was restricted to user activated requests.
Subsequent modifications to the specification however have led to the possibility of

netwaork initiated USSD sessions. USSD being session oriented service is ideal for
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situations where the exchange of several messages is needed for the completion of a
transaction. USSD is commonly used for the activation of supplementary services on an
MS. USSD 1s limited to person-to-machine contexts and has found application in such

areas as airtime top-up applications and call-me-back services.

2.4 Congestion at the Air Interface

The spectrum is a finile resource. It is not feasible to provide dedicated channels to every
MS. Channels are therefore assigned to mobile station as needed. This can be thought of
as the first stage of concentration in the GSM network. Although it allows for economical
use of resources 1t can result in congestion, a situation where there are fewer channels
than required to serve all users requesting service. When congestion occurs some users
are denied service, i.e. they arc unable to place calls. Boulmalf et al [19] give two

situations that g-iv:: rise to congestion at the air interface. These are
*» (ongestion of traffic channels
e (Congestion ol control channels
This follows from the fact that the GSM air interface 1s logically partitioned into control
and traftic channels. Congestion on the control channels 15 very detrimental to system
performance because they are required for the alloeation of traffic channels. Thus even if
there are free traffic channels, congestion on the control channels prevents allocation of

these channels.

e

2.5 Modelling of User Mﬁ[ﬁl—irt;—

Accurate modelling of user mobility is of vital importance in the study of wireless
EEMale 1
networks. The pattern of user mobility directly affects the cell residence times and this in

tum affect the channel holding time and the hand over rate. Figure 2-9 presented by
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Bettstetter [20] gives a summary of the various issues that need consideration in the

development of mobility models.
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Figure 2-9: Concept map of mobility models used in simutation and analysis of wireless
COmMmunication systems

There are currently two approaches to modelling mobihity; these are traces and synthetic

models. Traces use measurement [rom real system as the basis of the model. Camp et al

[5] suggest that in-this case, flexibity and possibilities 1o extend the behaviour of users
are limited. Navies [21] goes on further to state that this approach cannot be easily

S

applied to new environments where traces may not exist,
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Synthetic models use random algorithms to simulate movement of users. Camp et al [5)
and Davies [21] give a detailed survey of the various synthetic mobility models that have
been developed for the study of both cellular and ad hoc mobile networks. These models
vary in the level of detail they capture ahout the movement of individuals. On this basis
models can be grouped as being either macro or micro mobility models. Mirco-mobility
models which focus on the movement of individuals are considered here and include,

* random walk

¢ random waypoint mobility medel

* random direction mobility model

e city section mobility model

s obstacle mobihity model
The random walk model is the oldest model, it was developed by Albert Einstein in
1926[6]. This model was used to study unpredictable movement patterns that occurred in
nature. In this model the nodes have a random direction [0 - 27 and velocity [Vain = Vimax].
Both parameters are uniformly distributed and change value after a predefined time
interval or distance. Whilst this model is useful in Einstein’s context it has shortcomings

which led to the development of newer more reahistic mobility models.

In the random waypoint mobility model the node picks a destination and moves with a
uniform speed towards it. [t waits at the destination for a random time interval and

peed tow its at the d
repeats the process. Lui et al [4] have shown that this model has some very undesirable
characteristics. These being the fact that the mean node velocity varies with time
suffering a significant reduction as the simulation progresses. There 15 also a non uniform

distribution of nodes in the simulation area as the simulation progresscs.
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The random direction mobility model is a modification of the random waypoint model. In
this case the node moves with a constant speed and direction until it reaches the edge of

the world. It waits for a random time interval and then chooses a new direction and

velocity.

The city section mobility model follows the recommendation of the ESTI [4] for the
outdoor pedestrian environment. In this model the simulation environment is divided into
a grid form. Nodes move along the edges with random speed. changing direction at the

intersections.

In ‘general models can also be categorized based on the positions users can occupy in the
simulation area. These categories are,
1. those in which the node can be in any position in the simulation area e.g. random
way point.
2. those in which the nodes arc restricted to move along channels in the simulation
area e.g. ESTI outdoor pedestrian
3. Those in which nodes are restricted to move only along certain predefined paths.
Models of this type can be applied for instance in the modelling of vehicular
movementwere the paths would be defined by the road network.
e e e
Thereire also several other models which introduce modifications to the basic models
presented ahove m an atlempt to provide more reahstic models. Examples of these
models can be found in the works ef Bettstetter [20] and Zimmermann et al [6].
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2.5.1 Border Behaviour

The simulation area 1s generally of finite dimension. A method is thus required to deal
with nodes that move beyond the edges of the simulation area. Davies [21] and Bettstetter
[20] both give three options for dealing with this situation. These are:

l. Deletion

2. reflection

3. wrapping
All these methods seek to maintain a constant node population. With the deletion method,
nodes that go out of the boundaries of the simulation environment are deleted from the
system and replaced by new ones placed at a random position uniformly distributed

throughout the simulation area.

In the reflection scheme, nodes bounce off the boundaries of the simulation area in
accordance with the laws of reflection. Thus the only parameter that is changed is the

direction.

In the case of wrapping, the simulation arca is viewed as the surface of a torus. Thus

nodes going off at one edge appear at an opposite edge. Figure 2-8 [21] gives an

illustration of the concept.
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Figure 2-10: Wrapping of simulation arvea

Bettsteter [20] found that the first two methods of dealing with users who go outside the
boundaries of the simulation environment i.e. deletion and reflection result in a non
uniform distnbution of nodes in the simulation area. Nodes have a higher probability of

being at the centre of the simulation area.

2.6 Random Variable Associated with the Call process

The channel holding time 13 the amount of time a channel is assigned to a user within a

cell for the purposes of making a call. In eellular mobile networks this value is different

from the call holding time as the mobile terminal may move between cells during a call.

The average channel holding time is equal to the average call holding time divided by the

average number of handoffs per call plus one i.e. the number of cells crossed by an
e e

average call, The limit situation occurs lor a stopped mobile station or an cxtremely large

celtsize; in these cases the channel holding and call holding times are equal [22].

29



In most literature pertaining to channel holding time the distribution is assumed to be a
negative exponential one. The relationship between the call holding time and the channel
holding time is not clear cut as it depends on such factors as user mobility and cell size.
Aside the channel holding time, two other random variables need to be defined in order to
fully characicrize a channel associated with a BTS. These are the channel idle time and

channel inter-arrival time. The relationship between these variables is captured in

Figure 2-11.
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Figure 2-11. Relationslhip between time variables

This relationship is summarized in the channel utilization which is defined in [23] as

T{.h T Tm’ Tmr

Where
T, - Average channel holding time
T.4 - Average channel idle time

T,,‘li__ ~ Average ﬂililllﬂ_'gl_t_cl_arﬁval time

@ gives the traffic carried by the channel mm Erlangs. If end users are assumed to have a
viftaal channel associated with them, then the random variable described above can also be

used to characterize this channel. In which case g would be mean traffic offered the network

by the user.
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2.6.1 Repeat Call Process

Repeated call attempts have been the subject of a number of academic research efforts
due to their detrimental effect on network performance. Examples of such works include
those of Onur et al [24] and Tran-Gia et al [1]. Duning peak load repeated calls may
trigger a snowball effect leading to complete denial of service.

In this work a distinction is made between two different types of repeated call processes.
The first shall be referred to as retrial. This happens when a mobile terminal
automatically re- request for a channel after facing blocking in earlier attempts. This is a
part of the GSM specification and is alluded to by both Mehotra [13] and Onur [25]. The
maximum number of retrials is set by the network aperator and the retrial occurs afier a

fixed time lapse.

The other repeat call phenomenon distinguished 1s that of redialling. In this case a
customer consciously repeats a call attempt after the call has been blocked. With modern
mobile phones, the user can set the phone to automatically redial after the initial attempt
fails or presses a single button to initiate a redial attempt [1]. This results in the mean

time between redial attempts being very short.

Two random variables are of importance with regards to redials process. These are the
number of redials and interval between redial attempts. Both of these random vanables

have been examined in a number of studies [24].
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A number of models have been proposed to characterize both the number of redials and
the time intervals between them. The probability of redialling after a failed request is
modelled as

1. Uniform: - That is the caller redials with probability p after a blocked attempt or
gives up with a probability (1-p) independent of the number of previous attempts.
In this situation a caller may be limited to a maximum number of redial attempts
or try until a connection is made.

2. Other models take the number of previous call attempts in consideration. In this
case the probability that the user redials after a blocked attempt is a function of
the number of previous failed attempts.

The time interval in between redial attempts is usually assumed to be exponentially

distributed with a short mcan value dué to the reasons mentioned above.

2.7 Measuring User Behaviour and Service Utilization

The user behaviour and service utilization are important factors in the design of modern
telecommunications networks. Kivi[26] gives an overview of how these can be measured
in wireless data networks. Similar approaches can be used in the measurement of user
behaviour in GSM networks were voice is the main traffic element. These measurements
can be done at different levels, these being

o At the user end level

s Atthe ra_iiié_ﬁccc:s's nemg_r'kj.es;al—-— —

s At the core network level

e
At the end user level there are two ways in which service utilisation and user behaviour

can be measured. The first is through the mobile terminal. Most modem handscts operate

based on complex operating S}fﬂlem;. The advantage of this is that programs can be
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stored on these terminals that log user actions. The SIM application toolkit which allows

small programmes to be stored on the subscribers’ SIM card can also be used to perform

this function. Very detailed information can be obtained via this approach,

The second approach that can be adopted at the end user level is to use the human end
users themselves as sources of information. The information gathering can be done
through questionnaires or may entail having users log their actions in some sort of diary.
This method however is subject to the vagaries of human nature. The nature of the
questions may affect the kind of answers given. The consistency with which results are

recorded in the diary approach can also have a telling effect on the final results,

The radio access network which in a GSM netwaork consists of the network of BTSs can
also be employed in measuring service utilisation. In fact this approach was adopted by
Barcelo et al [22],[23] in their study of various channel probability distributions in an
established cellular network. Since the BTSs and their associated cells are at the level of
first contact with end user they offer an ideal puim. for making measurements. The
simulations undertaken as part of this project use this approach in determining service

utilization.

The core network ef a GSM network contains a number of servers and databases whose
i J _._._,_.--"-'--_ X

sole purpose is to collect and collate charging data records (CDR). These CDRSs are used

for Eﬂm@raurpﬂscs. This information can also be used as a basis for service utilization

and by applying more complicated methods for determining user behaviour. However

since these systems are designed 10 Cover the whole service area of the network it 1s
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difficult to obtain fine grain information for instance with regards to geographical

distribution of demand from such sources.

2.8 Multi-agent Simulation (MAS) and Modelling

A simulation is defined by Stewart as “An imitation of a system" [27]. This imitation
may be necessary for a number of reasons. Some of the reasons include:
® The fact that the complexity of the system under consideration will not allow for
analytical solutions to the problems it presents.
» The required solution would be time consuming if it is obtained by other means.
* The original system is not existing any more or not yet
» Experimenting with the real system is prohibited due to undesired disturbances

and costs.

In order to carry out a simulation of a system one must develop a model of the system.
Due to the complexity of the system for which simulations are normally resorted to, these
models must of necessity involve abstractions and simplifications of the actual system.
Siebers and Aickelin [28] point out that in developing the model a distinction must be
made between a simulation model and an analytical model of a system. A simulation
model consist of a set of rules defining how a system changes over time given it current

state, thus providing an insight into the dynamics of the system. An analytical model on

-

the other hand is meant fo be solved-amtprovides system outputs based on specific

inputs.
i



A model in MAS consists of a series of incorporated software objects, called agents [29].
The agent representing the 'individual' is programmed to be autonomous and can
communicate with its environment and other agents. MAS has been introduced into many

fields including sociology, biology, physics, economics, and marketing [11].

Macal and North [30] give the under listed as the general tasks required in multi-agent

system development.

1. Identifying agents and their behaviour

2. Indentifying the relationships between agents

3. Getting the requisite agent related data

4. Validating the agent behaviour models as well and the whole model at large

5. Running the model and analysing the outputs
Siebers and Aickelin [28] give more detail about the design of MAS simulations and
suggest state charts as a means of representing the internal processes of agents. The
central state in the state chart is the 1dle start which links to all state that are not
dependent on a specific order of execution. State transitions occur by means of triggers

which may be in the form of rules. formulae or procedures.

Compared with the traditional methods of simulation, MAS offers some advantages.

Chief among these advantages is overcoming the lack of linkage between the micro and

macro level of the simulation. Traditional methods normally employ differential
_"----_.__ v " . ' . - -
equations that take a macro level view of the system, ignoring the micro level interactions

that lead to the manifest macro charactenstics,



MAS also takes a different approach to the modelling and simulation process. Unlike the
inductive methodology of collecting data first and then building models that describe and
summarize those data, MAS is more like a deductive method. After a MAS model is
designed and tested, the relationships between the propositions and factors can be
simulated whether the data is available or not. Therefore, the inner structure of the system
on macro level, which is not clear before, can be deduced or observed from MAS

experiments.

These advantages make MAS suitable for the study of system where there are a large
number of interacting agent since it allows for the development of the system model for

the level of the interacting agents upwards,



CHAPTER THREE

3.0 Model Description

The multi-agent approach is used for modelling and simulation. The development
environment used is called Netlogo [11]. Netlogo is written in java and programmed via a
dialect of the logo programming language. Netlogo was chosen for this project because of
its ease of learning and comprehensive set of features, NoTable amongst these features is
its behaviour space. which allows a model to be run several times with varying

paramcters. Figure 3-1 shows a screen shot of Netlogo in operation.
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Figure 3-1: Sereen Shot of Netlogo in operation
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The simulation environment is made up of two types of agents. These are the caller and

the base stations. These and various other parts of the simulation are desecribed in the

following sections.
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3.1 Callers
The caller agents model user behaviour. User behaviour can be broken down into two
distinet components, traffic generation and movement pattern. A description of the

models for these two facets is given below. Figure 3-1 represents the various states the

callers go through as they generate traffic.
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Figure 3-2: Model of Callers States and Transitions
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Caller are normally in the idle state. They leave this state by generating call requests.

This request may be granted by the associated base station at which time the caller then
goes into the ring state. This state allows the model to capture the situation in which a
user after receiving the ringing tone breaks the connection. This phenomenon is known as
flashing. Flashing allows GSM users to signal each other without incurring any cost using
Caller line identity presentation (CLIP). This is because most networks do not start
charging until a response is received from the called number. The reception of a ringing
tone however means that the caller has been assigned a traffic channel. With the ringing
tone lasting for up to 30 seconds, a large number of flashes in proportion to the overall
call request thus constitutes a waste of resources and is detrimental to the system

performance.

If the initial call attempt fails a number of automatic retrials take place. If these also fail

the user may manually redial in order to establish a connection.

After the ringing period the user goes into the speech state. The caller remains in this
state for some time and then returns to the idle state. Due to possible movement of the
caller during the connection period it may become necessary to change base station. This
15 known as a handover. If the initial handover attempt fails a number of automatic

requests are made bt if these also fail the line is dropped. In this case also the user may
- -'_'_'_,_.-'-.--_-_-_'_

redial in an attempt to re-establish a connection.

B

The simulation assumes that the caller is located in a commercial urban environment.

Most callers in this situation are walking with those using vehicular transport also
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moving at relatively low speeds. The average walking speed of an adult human is around
Skm per hour [31]. The maximum speed allowed for a vehicle in the urban environment
is 50 km per hour. This maximum is however not attained in the scenario that is used in
the simulations. Given this background the speed of callers is uniformly distributed
between 0 — 25 km per hour. At the beginning of the simulation each caller is given a
velocity uniformly distributed in the range given above. After each simulation cycle the
user chooses a new direction in a cone 40° wide in the direction of motion. This ensures

that there is correlation in the direction of movement of the user.

Every time there is a change of position the caller recalculates its distance relative to all
the base stations and associates itself with the nearest base station. If the caller is active
and the nearest base station is different from its current base station a’handover occurs.
When a caller in the automatic retrial state undergoes a handover, the call is dropped. The

caller treats this event as a failed call attempt.

All agents in the simulation have a number of properties. These properties are used to
keep track of the state of the agent. The properties of the caller agents are enumerated
below
» base station : - this variable allows the caller to keep track of the base station to
which it is carrently associated. Channel allocation request are directed to this
A e S
base station.
-*'E'Ef.;;; - This is used to specify the callers’ state. These can take on five values
which are:
o green = The caller has a traffic channel assigned to 1t
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© blue = The caller has been assigned a signalling channel

© yellow = An initial call attempt has failed and the caller is in automatic
redial state

o grev =¥ The caller is waiting to redial a connection manually

o white =¥ The caller is in the idle state

e Flash: - number of flashes

e Heading: - current bearing of callers movement,

* Redials: - This variable keeps track of the number of redials. This allows
decisions regarding whether or not to redial to be made based on the number of
previous attempts. The probability of redialling in the model is taken to reduce
geometrically with increasing redial attempts whilst the length of time between
redials is exponentially distributed.

® Retrials: - number of retrials after last call attempt. In most GSM system this
number is limited to three and this standard is implemented in the simulation.

® speed: - this variable keeps track of the speed at which the caller is moving and is
used to modify the position (xpos, ypos} of the caller in every simulation cycle

* time_left : - this variable keeps track of time left for current state. The time spend
in the particular state depends on the other variables such as redials, retrials and
flash. This variable is decremented by one every simulation cycle. When it value
reaches zegr_rihé-agent moves to-a-rew state based on the current state of the other
variables.

e
* xpos /ypos : - current x/y coordinate position of caller.
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As stated in Section 1.2, this thesis aims to study the effectiveness of certain approaches
10 encouraging users to modify their behaviour. Two types of behaviour modification are
being considered. These are

» Using other communication services besides voice (i.¢. SMS and USSD)

¢ Changing the time of the call
One additional property is defined in the modified models. The control _left property is a
counter that acts as the memory of the caller. It allows the caller to keep track of the time
the last prompt about congestion was received from the associated base station agent. The
shorter the time lapse the more probable it is that the caller will use the modified
behaviour. The probability that the caller follows the modified path is linearly dependent

on the lapse since the last prompt from the associated base station.

A total of 2000 caller agents are used in every simulation.

3.2 Base station agents

These agents play the role of base station in actual GSM networks. When a caller agent

requests a traffic channel, the base station checks the number of callers associated with it

that are currently active. If this number is less that the number of available traffic

channels the caller is allowed to change into the active state.

Base stations are-al-s:c;é'spnnsihlr.fﬂrmrrﬁifﬁﬁng the utilisation of their traffic channels.

When the utilisation exceeds a certain threshold the base station broadcast a message
e

encouraging callers associated with it to refrain from generating traffic. This is achieved

by having the base stations keep track of the number of active callers during one



simulation cycle. The control message is broadcast when ihe average number of active
callers exceeds B0 percent of the available traffic channels for a specified 300 second

interval. In real networks such a procedure could be implemented using cell broadcast.

A total of 7 base station agents are used in every simulation. One is located at the centre

of the simulation area and other six are arranged in a regular hexagonal pattern around it.

3.3 Air Interface

A simplified model of the air interface is adopted for the simulations. Only one type of
traffic channel is modelled as opposed to the full rate and half rate channels that exist in
the GSM specifications. In addition signalling channels are present in the simulation. The
role of these signalling channels can be roughly equated to those of the SDCCH channels.
The other logical channels are not modelled as their functions arenot core to the

simulation.

3.4 Simulation Process

The model described above was implemented usmg Netlogo. In all, three sets of
simulations were performed. In the first set callers gencrated traffic based on the call
generation model detailed in section 3.1. This set of simulations 1s used for the study of
the effects of flashing and variations in the mean call duration. This set also serves as a

basis for comparison of the two subsequent set of simulations that were performed.

e _._,_...---"-'_'-_._

The ne ) sets of simulations implemented the two types of user behaviour
madifications mentioned at the end of section 3.1. In the second set of simulations,

callers use cither:



+ signalling channels only (SMS/USSD) or
e signalling channels and traffic channels
when their associated base station is congested. In the final set, callers increase the

amount of time they spend in the idle state when prompted by the associated base station.

The first set of simulations consisted of 140 individual simulations. In the simulations the
under listed parameters of the simulation were varied and assumed one of the values
indicated in brackets.

» Flashing Proportions - (0, 10, 20, 30, 40, 50, 60) percent of initial call attempts

¢ Traffic per caller - (20, 25, 30, 35, 40) mErlangs

# Mean call duration - (30, 60, 90, 120) seconds

In the second and third set, 20 individual simulations were performed. In these simulations
the effects of flashing were not considered so only the traffic per caller and mean call

duration were varied.

The code implementing the model is listed in the Appendix. At the end of each individual

simulation the sum total of request from users for signalling and traffic channels along

with the number of these requests that were successful were logged. The results are also

presented in the Appendix. The average blocking probability Py at the air intertace is used as
o o ————

the metric for measuring performance. The blocking probability was estimated from the

results-using the definition given below.

__ No.Signalling Ch.Grants
~ No.Signalling Ch. Requests

5
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No.traf fic Ch. Grants

= No.traf fic Ch. Requests i b 1Ly 3
Pps=1—F 3-3
Pr=1=P; . 3.4
Py=1-PP, 35
Where :-

Py= Average overall probability of blocking at the air interface
P= Average probability of success in traffic channel allocation
Pys = Average probability of blocking on the signalling channels
Pwi= Average probability of blocking on the traffic channels

P.= Average probability of success in signalling channel allocation
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSIONS

The channel utilization as defined earlier is the ratio of the mean call duration to the inter-
arrival time. This value can remain constant whilst the mean call duration and inter
arrival times change in proportion to each other. The effect of varying the mean call
duration for a given traffic load was investigated using the model described in chapter

three. Analysis of the results follows in the subsequent sections.

4.1 Unmodified caller behaviour

4.1.1 Effects of Variations in Mean Call Duration

The cffeet of variations in the mean call duration for a given level of channel utilization

per user 1s analysed first. Figure 4-1 indicates that for a given level of channel utilization

per user, decreases in the mean call duration leads to an mmerease in the blocking

probability. It can also be observed that the blocking probability increases with increasing

utilization per user.

A number of reasons may be assigned to this observation, these melude

* With reducing call durations the call intensity which is the number of calls per
unit time increases. This has the effect of increasing the amount of tratfic carried
by the sigpil'_T_f_ﬁgs:hanncis jltj_g_t_lgb__thr: traffic on the traffic channels in terms of
speech remains constant, The increase in signalling traffic causes a decrease in P,
il -

(equation 3-1) which in turn leads to an increase in F, according to equation 3-5.
This is borne out by the results in Table 4-1 which gives the blocking probability
on the signalling channels.
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Figure 4-1Comparison of Blocking Probabilities with Increasing Mean Call Duration at
Constant Offered traffic

Table 4-1 Blocking Probability on Signalling Channels (Py,=1 - By

Mean Call Duration
30 sec 60 sec 90 sec 120 sec
| 20mErlang 0.00181 0.00012 0.00027 |  0.00000
% 5 25 mErlang 0.00742 ﬂ.ﬁﬂﬂ;s 0.00026 | 0.00000
= 2| 30 mErlang 0.01546 0.00127 0.00026 0.00014
E & 35 mErlang 0.03734 0.00411 0.00118 0.00038
40 mErlang 0.07107 0.00915 0.00244 0.00107

—

-

® Secondly the éﬁﬁf@mentmannc]. as indicated earlier, can be broken
__into two distinct parts. The portion where the ringing tone is reccived and the
portion where actual conversation goes on. With increasing call intensity the

proportion of time used for providing the ringing tone on the traffic channels
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increases. In the simulations the mean ringing tone duration was taken to be 15
seconds. With mean call duration of 30 seconds, the additional traffic burden on
the traffic channels for the ringing tone provision is 50% of that used for actual
speech. With mean call duration of 120 seconds however this value drops to
12.5%. Thus as mean call duration decreases the actual traffic carried on the

traffic channels increascs significantly in comparison to the actual speech carried.

4.1.2 Effects of Flashing

A flash is a call where the caller terminates the call after reception of the ringing tone
without engaging in any speech. Figure 4-2 shows the effect of flashing on performance.
The graphs (a-d) in Figure 4-2 show the variation in blacking probability as the
propertion of initial call attempts that are {lashes increases for different levels of traffic
per user (4.2a — 20 mErlang ];rcr uscr, 4.2b — 25 mErlang per user, 4.2¢ — 30 mErlang p::r
user, 4.2d - 35 mErlang per user,). It can be seen from the Figures that irrespective of the
traffic level per user the probability of blocking increases as the proportion of flashes
mereases. The degradation in blocking probability is however not very pronounced for

low levels of traffic per user.

The result can be rationalised with the explanations given in Section 4.1.1. The problem
is however compounded here since the flashes are basically calls with no speech
component and thus place the same amount-of signalling and ringing tone traffic burden

on the network as actual calls involving speech.
e
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4.2 Modified user behaviour
As has been observed above. user behaviour plays a significant role with regards to
blocking probabilitics at the air interface. In this section the potential benefits of
hamessing this knowledge are studied through the results of the simulations. Two
modifications to user calling pattern are presented. These being

® The use of alternative channels present at the air interface for communication

mstead of traffic channels

e Postponement of the time of the call

4.2.1 Use of alternative communication channel

In this scenario users are assumed to use means such as SMS and USSD as an altemative
to using the voice when the network is congested. Figure 4-3 compares the blocking
Fuhbilitiﬁ: from the basic model with those obtained for the situation where users use
altemate means for communication during congestion. The individual graphs present the
blocking probability with increasing traffic per user for different mean call durations
(Figure 4-3a - 30 seconds, Figure 4-3b - 60 seconds, Figure 4-3¢ - 90 seconds, Figure 4-
3d - 120 seconds). The results as seen in Figure 4-3 indicaie that a significant
improvement can be achicved by encouraging users to take advantage of the alternative
means of communication over the air interface that are available aside the voice. This
method seems 1o be particularly effective in situation where the probability of blocking 15
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A number of reasons can be given to justify the above observations.
L ] Fl]ﬁl]}f l;:R"EI‘S dare n"l}" Eﬂtﬂumg&d o use 1.'.'|.l.'||I ﬂ|l‘¢l‘l‘|ﬂti\-‘c means ﬂrc“mmu“ifﬂtiﬁn

when congestion is realised. Thus as low traffic levels where congestion is
minimal there is little difference between the basic and modified behaviour.

» The second reason is the fact that by encouraging users to use alternative
communication channels, the traffic carried by the traffic channels is reduced thus

improving the blocking probability on these channels. This reduction leads to a

reduction in the overall blocking probability.
4.2.2 Deferment of Call

The second modification of user behaviour studied is the deferment of the time at which
the call is made. Figure 4-4 below compares the results of the deferred call scenario with
the basic case. The individual graphs present the blocking probability with increasing
traffic per user for different mean call durations (Figure 4-4a - 30 seconds, Figure 4-4b -
60 seconds, Figure 4-4¢ — 90 seconds, Figure 4-4d — 120 seconds), Here also it can be
seen that deferring calls during period of congestion can significantly decrease the
probability of blocking at the air interface. This improvement can be attributed to two
factors working in tandem. The first is that the deferment of calls leads to a reduction is
signalling traffic at call setup and secondly leads to a reduction in the total amount of
actual voice traffic. These two factors lead to t_hf: reduction in the blocking probability

A _F,_,..--"'-_'_-_—
compared with the basic case.
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4.2.3 Comparison

In this section a comparison is made between the two behaviour modifications considered

above with the basic model as reference. Figure 4-5 (page 56) compares the results of the
deferred call and alternative channel scenario with the basic case. The individual graphs
present the blocking probability with increasing traffic per user for different mean call
durations (Figure 4-4a — 30 seconds, Figure 4-4b - 60 seconds, Figure 4-4¢ — 90 seconds,
Figure 4-4d — 120 seconds). It is seen from in all the cases. irrespective of mean call
duration, deferment of calls provide a better blocking probability as compared to the use

of alternative channels for communication.

Tlhis observation can be explained by noting that call deferment leads to a decrease in
traffic on both the signalling and traffic ¢hannels. The use of alternative channels
however whilst leading to an overall reduction in the blocking probability actually result
in an increase in the blockin g probability on the signalling channels. This increase

accounts for the worse performance compared with the call deferment case.

Shinagawa et al [10] were mentioned earlicr as having used the mulii-agent simulation in
the study of how user behaviour affects blocking probabilitics at the air interface m GSM
networks. As a final case a comparison is made between the result they obtained and

those obtained h;re__sﬂhmgawﬂ etal [10 come to the conclusion that encouraging

users to change the behaviour during period of congestion could reduce the probability of

e 5 1
blocking at the GSM air interface. However in their study they found that using the

alternative means available provided a better performance compared to defernng calls.
This difference may arise from difference in the models of uscr behaviour used in both

54



simulations. Unfortunately as detailed information on their model is unavailable, a

thorough analysis of the reason for the difference in the results cannot be made.
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CHAPTER FIVE
5.0 CONCLUSIONS AND RECOMMENDATIONS

This thesis focused mainly on two issues. In the first case. the consequences of user

behaviour patterns particularly mean call duration and repeated call attempts was studied.

In the second case the potential for improving air interface performance by encoura ging

users to modify their calling patterns was studied.

In the first case, 1t was found that both low mean call durations and a large number of

repeated call attempts have a significant negative impact on air interface performance.

Operators thus need to come up with means of changing user behaviour in this regard as

it will translate to better network performance.

Currently all mobile operators in the country have a {lat rate per second tariff system.
One method that could be adopted would be Lo maintain per second billing but reduce the
charge per seconds as the call duration increases. Tkliis method is however only vahd
under the assumption that revised tariff scheme does not cause an increase in the offered
wraffic but instead leads to increased call durations. Since a lot of repeated call attempts

are flashes, billing could start from the time the setup message in received instead of

when a through connection is made. Flashes would thus incur some Costs and thus be less

attractive"This approach however dissuades user from also placing legitimate calls. A

better approach, one adopted by some operators, is to offer free *call me back’ services as

- J J QR
an alternative to flashes. These services are usually based on SMS and/or USSD.
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In the second case it was found that encouraging users to modif: y their call patterns gave
significant improvements in air interface performance. Although these gains were not

significant at low level of traffic per user, as traffic increased the improvements became

obvious with up to 75% reduction in some cases.

During the course of this work, the general principle of providing feedback to users as
means of cncouraging them to change their call behaviour and thus modulate the traffic
offered to the network was applied by one of the network operators in Ghana. Scancom
Ghana Limited, which operates under the MTN brand name, introduced a Dynamic
Discount Scheme (DDS) based on cell broadeast. Under the scheme tanfls n cells with
low traffic are reduced and users informed of the reduction via cell broadeast. DDS varies
from the use cases studied in this work by the fact that it seeks to mncrease rather than
decrease traffic offered to the network. However the general principle of encouraging
users to modify their behaviour as a means of controlling the traffic offered to the
network is applied. This approach has been shown in this work to be a viable means of

traffic control.

The model used in this study used the blocking probability at the air interface as the basic

means of measuring air interface Ef__"f_?_‘:’,“"iﬂ‘-ﬂi—' The results obtained were more of a

qualitative rather than a quantitative naturc. This is due, however, to the MAS simulation

mmnm%his methodology was outlined in Section 2.8. Recent work [32] however

suggests more analytical methods of performing MAS simulations. These new
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approaches can be used in further studies that seek to gather more information be yond the

blocking probability at the air interface,

Some of the solutions and cases suggested above involve the use of SMS and USSD.
These services use the same channels used for signalling procedures associated with
voice channel allocation at the air interface. Given the current popularity of SMS, further
merease in the usage of this service may result in failed voice call setups due 1o a lack of
signalling resources. Careful consideration thus needs 1o be given to the allocation of

resources at the air interface in the light of the new demands.
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