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ABSTRACT

This project is concerned with the voice-mail system for mobile phones, one of
the Value Added Services of Advanced Info Service Public Company Limited (AIS).
This project examines the implementation justifications of a distributing voice-mail
system network of mobile phones for assisting network planners, and developers in
justifying and improving the quality of strategic decision making in voice-mail system
network.
This project is the study of the voice mail system network of the mobile phones
that emphasizes on the considerations and implementation justifications of the voicemail system network which changes from the centralized voice-mail system CVMS
network to the distributed voice-mail system DVMS network. The implementation
justification incorporates subjective evaluations from considerations with objective and
factual implementation data to recommend the optimized system network.
The implementation justification was accomplished to notify the advantages and
disadvantages of each CVMS network and DVMS network. The results of the system
network evaluation suggest that the systems perform satisfactorily, efficiently and
effectively.
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I.

INTRODUCTION

Personal and business communication is becoming more and more essential in
human life. People are seeking other communication methods in order to avoid
communication missing. A mobile phone has been invented. People can carry it with
them and use it anywhere they want. Unfortunately, in some cases, people sometimes
can not reach others on mobile phones. As the number of communication channels
increase, people find it difficult to have their calls connected.
To prevent communication loss and to offer a service facility of the mobile phone
service, the Voice-mail System (VMS) for mobile phones are proposed. The basic
concept of the answering machine has been made advanced by several steps with a
computer-based technology called voice-mail. Other terms, which are in current usage,
include voice message store and forward, voice messaging, and audio-text.
Today, the voice-mail system network are implemented with a physical location
which is the Centralized Voice-mail System (CVMS) network. People may receive their
voice messages from their voice-mailboxes after the others have left the messages or
they may send their voice message to others. Thus, all voice messages are totally kept in
the central voice-mail system server.
Today technologies have somehow developed a complicated situation and
solution. As for each geographical location, there is a separated network which 1s
divided in each region. In order to utilize the mobile phone system resources, the mobile
phone operator must seek and improve their service qualities.
The Distributed Voice-mail System (DVMS) network is certainly introduced in
order to eliminate the existing inconvenience in communications. As the CVMS
network, people can still receive their voice messages from their voice-mailboxes after
the others have left the messages or they can send their voice message to others. But,
1

voice messages are separately kept in each region voice-mail system server. The
Distributed Voice-mail System (DVMS) is the system service that aids the conveyance
of information, voice messages in an easy way. It gives mobile phone operators
intelligent control over the sending and receiving of messages. Instead of inter-working
all exchanges to the centralized voice-mail system server, the DVMS network can
separately perform and manage each subscriber's voice-mailbox in each region.
Therefore, people can obtain voice messages anywhere and anytime by accessing
through the communication channel.
This project is purposed mainly to justify and examine the implementation of
distributed voice-mail system (DVMS) network for mobile phones.
1.1

Background of Study

As the need for the communication of mobile phone increases, mobile phone
operators shall recognize service qualities of mobile phone system in order to satisfy
and maintain all subscribers forever and ever. To keep more profits and to improve the
system performance and capacity, the mobile phone operators continue to develop and
implement more transmission links that provide good connections between mobile
handsets and radio based stations (RBSs) and effectively support all other Value Added
Services (VAS).
The essence of the voice-mail system network is more useful when the subscribers
are not in mobile phone coverage areas or have turned off their mobiles. The subscribers
will not miss communication because they have their own voice-mailboxes. Toward the
future, the trend for the communication is going to be an distributed type, which will
provide a simple but effective method for serving all subscribers.
Accordingly, several companies have developed platforms for the distributed
voice-mail system services which represents an opportunity for Telephone Companies
2

(TELCOs) or others to add value to their services. It is built on an assumption of
demand from personal and business, and subscribers who are in need of the service and
telecommunication technology.
1.2

Purpose and Scope of Study
The purpose of this project is to study the implementation justification

incorporates subjective evaluations from considerations with objective and factual
implementation data to suggest and recommend the optimized voice-mail system
network in order to save and utilize the system resources such as transmission systems,
etc. Specifically, the scope of this project covers only for implementing as value-added
services in a mobile network.
The implementation justification was accomplished to notify the advantages and
disadvantages of each centralized voice-mail system (CVMS) network and distributed
voice-mail system (DVMS) network. The results of the system network evaluation
suggest and recommend that the overall voice-mail system networks perform efficiently
and effectively.
By employing useful methods for the systematic development of feasibility
business case, it is intended to offer structured frameworks for product implementation,
both in marketing and investment aspects. The final aim for this project, however, is to
derive at the conclusion and recommendation of the decision on the implementation of
The distributed voice-mail system (DVMS) network based on current information in a
mobile network operator.
1.3

The Location Problems
In the conventional voice-mail system network, all subscribers' voice-mail boxes

are normally stored and kept in the same central voice-mail server and all mobile
exchanges (MTX)s have had to be linked directly to the central voice-mail server. All

,,
.)

interface links between each exchange and central voice-mail server are totally
connected by 2 Mb/s (El: 2.048 Mb/s) coa"Xial cables, or upper high speed depending
upon the transmission media to inter-connect the whole voice-mail systems even though
the exchanges are in so far and near up-countries. To keep the best qualities of value
added services, the mobile phone operator shall operate and manage the overall voicemail system service effectively. However, the mobile phone operators have to use more
utilized resources of transmission media between each exchange in the each region to
the central voice-mail server. Those are the reasons why the mobile phone operator
company needs to concentrate more not only on the service qualities of the value added
services, especially for voice-mail system services, but also on the standard qualities of
the mobile phone network such as transmission mediums. The mobile phone operators
do essentially not only pay more attention to manage and examine the operation and
maintenance but also pay more expenditure to keep the systems stable.
For example, last few years, before Advanced Info Service public limited
company (AIS) had its own transmission networks, AIS has lost more profits. AIS had
unavoidably spent more money for leasing all transmission mediums which are interconnecting and inter-working in each far and near up-country. There are three major
types of the transmission mediums that AIS has totally used: microwave, optical fiber
cable, and satellite. The lease line costs of transmission mediums depend upon what
type of transmission the company has leased, and moreover; the cost of transmission
media is calculated from not only per each transmission circuit but also the distances of
transmission medium from the starting point to the ending point. Actually it depends on
the transmission media types.
Nevertheless, when the central voice-mail server occasionally fails, or when the
voice-mail service system certainly needs to be upgraded, all voice-mail boxes of AIS'
4

subscribers can not be working properly. AIS staff has to stop and terminate the whole
voice-mail system services in order to fix and manage the occurred problems. As all
AIS' customers can not be served with the voice-mail system services, AIS will
absolutely lose the profits and customers satisfactions.
To perform preventive and corrective maintenance plans, AIS staff can not easily
manage the time schedules to do preventive and corrective maintenance. Perhaps, they
do not know whether voice-mail system has failed. The time schedules for preventive
and corrective maintenance can not be more flexible or changed because AIS technical
staff need to seriously concentrate and perform once effectively. All preventive and
corrective maintenance tasks need to be finished in time at once according to the
restricted time schedule plans in order to efficiently serve the voice-mail system
services.
1.4

Project Outline

Topics presented in this project have been organized into six chapters. Chapter 1
is the introduction part of the paper that mainly states the objectives and background of
this project study.
Chapter 2 is the literature review section, which consists of two main parts. The
first main part describes the general information and the overview of the voice-mail and
distributed voice-mail system. It is intended to give audiences the theoretical picture of
how it works and what is needed in order to implement such system. The other main
part of this chapter is the principle information, which is utilized in order to conduct the
feasibility study in this project.
Chapter 3 presents an introduction to system investment cost in the context of the
system life cycle which deals with the collection of information necessary to proceed
further study of the financial feasibility, which are the information on the investment

5

cost and Chapter 4 is dealing with the revenue forecasting. The information obtained
from the two chapters (Chapter 3 and Chapter 4) are utilized in chapter 5 in order to
conduct the feasibility study, either on technical, operational, or financial feasibility for
this particular project.
Finally, Chapter 6 is the conclusion and recommendation based on the result
obtained. The conclusion will give audiences the picture of whether it is feasible to
implement the distributed voice-mail system (DVMS) in particular environment as
mentioned.

However, the decision to go on with or leave behind the DVMS

implementation is not limited only on the result of the feasibility but other factors as
well. The recommendation will cover other important aspects that must be taken into
account by management in making decision.

6

II.

2.1

LITERATURE REVIEW

Introduction to Voice-mail System

The operation of a typical mobile phone is illustrated in Figure 1.1. Whenever the
calling party and the called party, who is present to transmit and receive calls
respectively, has been in the area covered by the mobile phone network, certainly, they
can directly make the communication with each other.

A

MTXA
Radio tower

Radio tower

Figure 2.1. The Normal Call of the Mobile Phone.

Figure 2.1 and Figure 2.2 have illustrated how communications of the mobile
phone are, and how to prevent communications loss and to be a good service facility of
the mobile phone services respectively. Therefore, the voice-mail system networks for
mobile phones are intentionally proposed. The basic concept of the answering machine
has been advanced by several steps with a computer-based technology called voicemail. In other terms, which are in current usage, it includes voice store and forward,

voice messaging, and audiotex. (There might be quantifiable differences among services
with these different names, depending on the equipment supplier.) Unlike analog
answering machines, which employ conventional magnetic tape recorders, voice-mail
relies on processing and storing voice messages in digitized form. Consequently, voicemail operates like a computerized messaging system. Interfacing voice-mail with a
digital exchange is also facilitated,

and integration within the exchange can be

be accomplished, see Figure 2.2.
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Figure 2.2. The Voice-mail System.

2.1.1 Operations of the Voice-mail System
The operation of a typical voice-mail system of the mobile phone is illustrated in
Figure 2.3. The called party, who is not present to receive calls, has set his or her line to
forward calls to the voice-mail system. An incoming call is, thereby, routed to the
voice-mail system, as if it had been set up to go to a receptionist or message center desk.
The calling party is connected and hears a message from a computer voice. In new
systems, the called party's voice may also be employed (the called party's greeting
message). The caller is asked to leave a message after the beep. A message is usually
held in a sequential store for accessing by the subscriber. The presence of messages in
the queue is indicated to the subscriber by a signal light, or readout on the station unit,
or by a distinctive tone heard on the line the next time the instrument is used by the
subscriber. To listen to stored messages, the subscriber calls the voice-mail line and
enters his or her private identification number (This ensures that mail is delivered to the
right party). The subscriber accesses the system to get messages and his/her private
identification number (password) is used to allow only authorized people to access the
voice-mailbox. For example, whenever a calling person (person A) makes a call to a
called person (person B), the exchange A will search and find where B is or where B
is roaming to other exchanges. If B is turned on and in the coverage area of mobile
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network, A and B can make directly the conversations. In other words, Figure 2.3, A
can usually leave a message to B whenever B's mobile phone has made call-diverted to
VMS and is turned off or out of the mobile phone area coverage. A can absolutely leave
a message to B. Therefore, everyone who has had the voice-mail system service will not
miss the conversational information.
The steps of operation of a typical voice-mail system in Figure 2.3:
Step 1:

A calling party dials a called party with voice-mail, and the called party
has already forwarded line to voice-mail system.

Step 2:

The voice-mail system speaks to the caller in computer voice (or voice
of called party).

Step 3:

The caller can leave any message at the called party's voice-mailbox,
which is stored in digital or analog form.

Step 4:

The voice-mail system alerts the called party who later retrieves
messages.

2.1.2 The Voice-mail System Architecture
The voice-mail system architecture is based on the Client/Server model. All
system functions are implemented in stand-alone servers, linked together through a
High Speed Backbone Network (HSBN). The design, creates a scaleable, extensible,
and fault tolerant system, facilitating smooth upgrades of system capacity by simply
connecting additional units. The Manager Server of the voice-mail system handles
functions such as:
(a)

Mobile Phone Network Interfacing (ports),

(b)

Common Channel Signaling such as SS7,

(c)

Voice and Fax storage,

(d)

System Management,
10

(e)

Communications with other systems such as customer host computers.

High system availability is achieved through redundancy and a design which
allows no single point of failure. A universal port design allows full access form any
system telephony port to all low-level signal-processing resources and to all high-level
system services and storage devices. There are many component elements in a voicemail system. Thus, the following paragraphs describe briefly each of the major system
components and its function (Comverse Technology 1996).
(a)

Multi-Media Units (MMUs)
The MMU controls the interface between the telephone network and
digital signal processing (DSP), and interacts with the caller (guest or
subscriber). When a call arrives at an MMU, a logical session is established
between the MMU and an MSU through the manager server (MS)
With that session, the MSU drives and controls the various functions of the
MMU. All the standard system voice prompts are stored on the MMU's
local hard disk. All storage of digital voice and fax messages takes place in
the MSU (refer to Messaging and Storage Units).
A single MMU can support simultaneous voice and/or fax application
sess10ns. Any mixture of analog, digital, and partial digital trunks is
allowed. A voice-mail system allows homogeneous access so that any
mailbox can be accessed from any port on any MMU. Therefore, since a
voice-mail system consists of multiple MMUs, a failure of an MMU results
only in a graceful degradation of service, and all users can continue to
access the system through the remaining MMUs.

(b)

Message Storage Units (MSUs)
The normal functions of the MSU are to handle and store messages,
11

manage subscriber mailboxes and manage all voice and data files. For each
call that arrives at an MMU port, the system creates a logical session
associating that MMU port with an MSU. Any MMU port can be associated
with any of the available sessions on any MSU.
The MSU can implement several levels of redundancy, eliminating the
possibility of a single point of failure:
(1)

A disk mirroring mechanism duplicates all system message and
subscriber data, including voice and fax messages, subscriber greeting
messages, mailbox data, and billing information.

(2)

Dual configuration of the MSU control module provides continuous
MSU operation in cases of board failure, bus failure or network
interconnection failure.

The MSU and MMU use real time, multi-processing architecture with
standard computer components and peripherals (Comverse Technology
1996).
(c)

Manager Server (MS)
MS is the operation and maintenance center of the system (OMC).
The system-wide subscriber and system utilization databases are maintained
within the MS, which provides a single access point for all operation,
maintenance, administration and provisioning (OMAP) tasks. MS provides
a call-processing function within the voice-mail architecture and address
resolution (ADR) that is active during the creation of mailbox access
sessions. MS also provides the option of operating the system from a
remotesite by dialing via modem to a serial port of the MS (direct access).
In the remote maintenance and diagnostics mode of operation, the field
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service person may perform remote maintenance, diagnostics. and
administration operations on all voice-mail subsvstem. This includes remote
control of all system parameters. Simultaneously, the system operator at the
local site may view and control the system from the local monitor
(Comverse Technology 1996).
(d)

Call Control Server (CCS)
The Call Control Server (CCS) interfaces with the mobile phone
network Signaling No. 7 (SS7). It operates in conjunction with the MMUs,
providing the call signaling information. A multiple CCS unit is possibly
configured to handle larger capacity than a single CCS unit. Thus, Modular
and object oriented CCS software can provide the ability to offer SS7
protocol adaptations to different country and network variants in a timely
fashion (Comverse Technology 1996).

(e)

High Speed Backbone Network (HSBN)
The units of a voice-mail system are connected via the HSBN. The
HSBN is based on high-bandwidth, redundant hubs, connected to the
vanous servers by twisted pair busses. Two versions of the HSBN are
available.
(1)

The low capacity voice-mail system is defined to use one Ethernet
segment and therefore one HUB is installed.

(2)

The high capacity voice-mail system is expandable to allow increased
traffic. A configuration of such hubs can be used to support expansion
ports (Comverse Technology 1996).

(f)

Short Message Service Center (SMSC)
The SMSC can provide the means for relaying short text messages
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between mobile stations and the voice-mail systems in a GSM protocol
network. When a voice messaging is deposited in a subscriber mailbox, the
voice-mail manager server automatically generates a message waiting
indication (MWI) and sends its as a short message to the SMSC. The short
message can also include a two-digit code for a standard message from a
system-provided list. The message is subsequently delivered to the
subscriber's mobile station, notifying the subscriber of the existence of
voice messages. The subscriber can then call the Manager Server (MS) to
retrieve these messages at the subscriber's convenience (Comverse
Technology 1996).
2.1.3 The Typical Voice-mail System Networks
In the typical voice-mail system network, we have called centralized voice-mail
system network or CVMS because all subscribers' voice-mail boxes are normally stored
and kept in the same central host server and all mobile exchanges (MTX)s have linked
directly to the central host server BKK_VMS (the central host server of the voice-mail
system VMS at Bangkok), see more details in Figure 2.4. The interface links between
each MTX and BKK_VMS are totally connected by 2 Mb/s (El: 2.048 Mb/s) coaxial
cables which have been multiplexed up to 140 Mb/s or upper speed (according to the
transmission media) in order to save the transmission media links. In case of a
subscriber turns off his/her mobile phone or moves outside a service coverage area,
(a)

A calling party (A) calls a called party (B). See Figure 2.5.

(b)

A calling party (A) calls a called party (B) turned off its mobile, and the call
will be routed to the called party's voice-mailbox. See Figure 2.6.

(c)

A called party (B) calls the voice-mail system to listen to its v01ce
messages. See Figure 2.7.
14
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Figure 2.4. The Centralized Voice-mail System (CVMS) Network.
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The operations of CVMS are most familiar to the typical operations of the basic
operations of typical voice-mail system.
2.2

Network Concepts

We begin with some basic concepts from networking, to define the field and
introduce some necessary terminology.
In this simplest form, shown in Figure 2.8, a network is two devices connected
across some medium by hardware and software that completes the communications. In
some cases, one device is a computer (sometimes called a server) and the other is a
simple I/O device (sometimes called a client), minimally a keyboard for input and a
screen for output (Pfleeger 1997).
Although this model fits the definition of a network, the actual situation is often
significantly more complicated.
(a)

The simplest I/O device (for user-to-computer communication) is often a PC
or a workstation, so that the client end has considerable storage and
processing capability.

(b)

A network is normally not just a single client to a single server; typically,
many clients interact with many servers.

(c)

The services of a network are often provided by many computers, with a
single user's communication merely passing through some computers but
pausing at others for interactions.

(d)

The end user is quite often unaware of many of the communications and
computations taking place on the user's behalf (Pfleeger 1997).

Thus, while a basic network resembles Figure 2.8, most real-world situations are
more like Figure 2.9. In the second view, the user may communicate directly with
System C, unaware that communication is actually passing through the active entities
19

Hardware and Software
to Effect Communications

~

/

.z-...---1!

User
(Client)

Communications
Medium

0000000

Host
(Server)

Figure 2.8. A Simple View of Network.
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Figure 2.9. More Complex but More Typical View of Networks.
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System A and B, and maybe unaware that System C passes work to System D and E.
A single computing system in a network is often called a node, and its processor
(computer) is called a host. A connection between two hosts is known as a link.
Network computing consists of users, communications media, visible hosts, and
systems not generally visible to end-users (Pfleeger 1997).
Users communicate to networked systems by direct interaction with terminals,
workstations, and computers. A terminal is a simple device that transmits and receives
strings of character data. Although a terminal may do small amounts of work, such as
displaying data at specified positions on the screen, the terminal does not do any
complex data manipulation. A workstation has more processing power at the user's end,
so that it can do more sophisticated data manipulation, such as converting coded data to
a graphical format and displaying the picture. A workstation usually has storage to hold
data. A system is a collection of processors, perhaps a mixture of workstations and
independent processors, with typically more processing power and more storage
capacity than a workstation (Pfleeger 1997).
2.3

Types of Networks

To classify networks, people often speak of local area networks, wide area
networks, and inter-networks. Although the distinctions among these three are not
always clear-cut, the following general descriptions apply.
2.3.l Local Area Networks
As the name implies, a local area network (LAN) covers a small distance,
typically within a single building. Usually a LAN connects several small computers,
such as personal computers, workstations, as well as some printers and perhaps some
dedicated file storage devices. Figure 2.10 shows the arrangement of a typical LAN.
The primary advantage of a LAN is the opportunity for its users to share data and
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programs and to share access to other devices such as printers or some dedicated file
storage devices (Pfleeger 1997).
Most LANs has these characteristics, although this list is not definitive:
(1)

Locally controlled. The equipment is owned and managed by, and the users
all are affiliated with, a single organization, such as a company, department,
workgroup, or physical proximity.

(2)

Small size and capacities. Typically fewer than 100 users share a single
LAN.

(3)

Physically protected. Because it is located on the premises of a company or
other organization, malicious outsiders cannot readily get at the LAN
equipment.

(4)

Isolated. Many LAN s are separate from other LAN s and from other network
connections. Although this condition is changing, as the benefits of wider
network connectivity become apparent (Pfleeger 1997).

2.3.2 Wide Area Networks
A wide area network (WAN) differs from a local area network in terms of both
size or distance (as its name implies, it covers a wider geographic area than a LAN) and
control or ownership (it is more likely not to be owned or controlled by a single body).
Still, there tends to be some unity to a WAN: the hosts on a WAN may all belong to a
company with many offices, perhaps even in different cities or countries, or they may be
a cluster of independent organizations within a few miles of each other that share the
cost of networking hardware. These examples also show how W ANs themselves differ.
Some are under close control and maintain a high degree of logical and physical
isolation (typically these are WANs controlled by one organization), whereas others
areonly marriages of convenience (Pfleeger 1997).
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Typical characteristics of WANs are these:
(1)

Single control. Typically a single organization

IS

responsible for and

controls a wide area network. Even if a network is shared by several
unrelated subscribers, one organization typically determines who may join
the network.
(2)

Covers a significant distance. A WAN generally exists for a distance greater
than a LAN can cover, typically from a few miles to the entire globe.

(3)

Physically exposed (often, but not always). Most wide area networks use
publicly available communications media, which are relatively exposed.
However, the fact that many subscribers share those media helps to protect
the privacy of any one subscriber.

Because WAN covers a wide range of possibilities, we look at the two ends of the
network spectrum-LANs and Intemets-and understand that WANs represent much of
the area between the ends (Pfleeger 1997).
2.3.3 Inter-Networks (Intemets)
Finally, there are networks of networks, or inter-network networks, sometimes
called intemets. An Internet

IS

a connection of two or more separate (separately
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managed and controlled) networks. The most significant inter-network is known as the
Internet, because it connects so many of the other public networks (Pfleeger 1997).
The Internet is really federation of networks, loosely controlled by the Internet
Society. The Internet Society enforces certain minimal rules of fair play to ensure that
all users are treated equitably, and it supports standard protocols so that users can
communicate. These are the characteristics of the Internet:
(a)

Federation. Almost no general statements can be made about Internet users,
or even network service providers. Some may access the network through
businesses or government organizations that are very restrictive, but others
may obtain access simply by paying a small monthly fee.

(b)

Enormous. Nobody really knows how large the Internet is, in part because
new hosts are added daily, in part because one Internet access point can
support hundreds or thousands of machines connected through that single
access point, and in part because nobody has laid the basis for an accurate
census. The Internet connects over 30,000 networks. There are currently
(1996) more than 1,000,000 Internet address (hosts nodes) and well over
25,000,000 human users. The size of the Internet is said to double yearly.

(c)

Heterogeneous. Given the size of the Internet, probably one of every kind of
commercially available hardware and software is connected to the Internet.
Unix is very popular as the operating system at the Internet connection
point, although most other multi-user operating systems could support
access.

(d)

Physically and logically exposed. Because there is no global access control,
practically any attacker can access the net and, because of its complex
connectivity, reach practically any resource on the net (Pfleeger 1997).
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2.4

Distributed Systems
In a distributed system the computation involves two or more components. Of

most interest here is the type of distributed system in which one computer invokes a
process on another computer without the direct participation of, or necessarily even the
knowledge of, the user. In one example of a distributed system, a user task on one
machine requires information, data or specialized processing from another machine,
such as a central machine on which a database is maintained. In another example of a
distributed system, several machines may share tasks depending on the current
workload to optimize performance for all users.
For our purposes, the significant characteristic of distributed systems is multiple,
independent, and physically separated computer. The computers may be directly
connected, nodes on a LAN, or connected to a wider network (Pfleeger 1997).
2.5

The Distributed Voice-mail System Networks
In a distributed system network, there is the integration between geographically

different sites, to provide a suitable single system. This requires the combination of
LAN (Local Area Network) plus WAN (Wide Area Network) technology. Thus the
voice-mail system network will be totally connected by 2 Mb/s (2.048 Mb/s) WAN. The
interface between each distributed node site to the WAN is the router. The connection
between the router and the distributed node site is the converter unit, the WAN modem.
The converter unit or the WAN modem, is the active access unit for El (2.048 Mb/s).
The same as CVMS, the interface links between each MTX and each distributed host
server of the voice-mail system, are totally connected by 2 Mb/s (El: 2.048 Mb/s)
coaxial cables. In addition the WAN modem supports local and remote control, internal
bit error rate (BER) tester, local and remote line loop-back, timing system, event and
statistics collection and more. For more details, see Figure 2.11-2.12.
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A simple distributed solution configuration is composed of several independent
systems with central management center (CMC) providing centralized management.
The main functional features of distributed solution are outlined as follows:
(a)

Centralized operation and maintenance,

(b)

Global and centralized administration and provisioning,

(c)

Subscriber relocation. This feature is usually required when the network
needs to be expanded, a new site added and so on,

(d)

Call Routing using Internal Call Switching (ICS), which uses internal
distributed solution resources to route a call to its final destination,

(e)

Distribution session, which allows a remote voice mail session to take place
between two sites over the inter-site network,

(f)

Inter-site messaging, which allows transfer of messages between systems,
both distributed solution and other vendors' systems,

(g)

Flexible deployment options. Network operators can start with a minimal
entry-level partially distributed configuration, requiring low bandwidth
inter-site communication, and gradually introduce advanced fully
distributed features and options (Comverse Technology 1996).

Distributed solution comes in several configurations, depending on the overall
distributed capacity and the requested level of distributed services and features.
Configurable options include the structure of each site, the inter-site network topology
and bandwidth, and whether a CMC is deployed in order to achieve centralized and
global network management.
2.6

Outgoing Calls in a Distributed Voice-mail System Environment

Outgoing calls are required by several distributed voice-mail system services, for
many various purposes. Outgoing calls can be normally divided into two categories:
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(a)

Calls that take place during a session. and are meant to be connected to the
incoming call. Example are Call Return, Revert to Operator and calls which
are part of Intelligent Network services, such as Personal Number Service,
Voice Activated Dialing or Pre-paid Services.

(b)

Calls which are not directly related to an incoming call, and are used for offline purposes, such as message delivery, message notification, paging and so
on.

In a simple centralized system, all outgoing calls are initiated from the same
system, which happens to be the subscriber home platform as well. However, with
distributed voice-mail distributed sessions, there may be two systems involved - the
local system connected to the caller or the subscriber, and the remote home system,
where the subscriber profile resides. In general, the following rule applies: Outgoing
calls which need to be bridged to the incoming call leg are made from the local system,
where they are bridged using Internal Call Switching (ICS). Off-line outgoing calls are
made from the subscriber home platform, where the subscriber profiles (as well as any
messages that need to be delivered) are stored.
There may be specific exceptions; for example, a local system may initiate a
message delivery call if the service is defined as non-subscriber related. In this case, the
message to be delivered is stored on the local system, which also initiates the outgoing
call to deliver it (Comverse Technology 1996).
2. 7

Operational Feasibility

System design and development is accomplished through the systems engineering
process, which requires the appropriate application of scientific and engineering efforts
to ensure that the ultimate product is operationally feasible. Operational feasibility
implies that the system will perform as intended in an effective and efficient manner for
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as long as necessary. The accomplishment of such requires the proper integration of
design-related specialties such as reliability, maintainability, human factors, and so on,
into the total engineering design effort. These design-related specialties are presented
here.
(a)

Reliability
Reliability can be defined simply as the probability that a system or
product will perform in a satisfactory manner for a given period of time
when used under specified operating conditions. This definition stresses the
elements of probability, satisfactory performance, time, and specified
operating conditions. These four elements are very important, since each
plays a significant role in determining system or product reliability.
The four elements above are critical in determining the reliability of a
system or product. As reliability is an inherent characteristic of design, it is
essential that these elements be adequately considered at program inception.
Thus, reliability must be a major factor throughout the systems engineering
process, particularly during conceptual design. Reliability requirements are
defined in conceptual design, reliability analyses and predictions are
accomplished throughout preliminary and detail system or product design,
reliability is considered in formal design reviews, and reliability testing is
accomplished as part of system test and evaluation. Thus, reliability (along
with the other major design parameters) is considered throughout the system
life cycle, and is particularly relevant during the early phases of system
design and development. Specific reliability functions as related to the
system life cycle are identified in Figure 2.13 (Blanchard and Fabrycky
1990).
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(b)

Maintainability
The systems engineering process require an appropriate application of
scientific and engineering efforts to ensure that the final product is
operationally feasible. One of the more important design specialties in the
system engineering process is maintainability.
Maintainability is an inherent design characteristic of a system or product. It
pertains to the ease, accuracy, safety, and economy in the performance of
maintenance actions. System engineers must be concerned with the design
and development of a system that can be maintained in the least amount of
time, at the least cost, and with a minimum expenditure of support resources
(e.g., personnel, materials, facilities, test equipment) without adversely
affecting the mission of that system. Maintainability is the ability of an item
to be maintained, whereas maintenance constitutes a series of actions to
taken to restore or retain an item in an effective operational state.
Maintainability is a design parameter. Maintenance is a result of design.
Maintainability can also be defined as a characteristic in design that can be
expressed in terms of maintenance frequency factors, maintenance times
(i.e., elapsed times and labor hours), and maintenance cost. Specific
maintainability functions as related to the system life cycle are identified
shown in Figure 2.14 (Blanchard and Fabrycky 1990).

(c)

Manability
Most of the material presented thus far has been concerned with the
hardware and software elements of a system. For the system design to be
complete, one also needs to address the human element and the interfaces
between the human and the equipment. Optimum hardware design alone
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will not guarantee effective results. Consideration must be given to human
physiological factors (e.g., reaction to environmental forces), psychological
factors (e.g., need, expectation, attitude, motivation), anthropometric factors
(e.g., human physical dimensions), and their interrelationships.
Human factor requirements are established through the logical
breakdown of operation and maintenance functions to the extent feasible
during early system design. Figure 2.15 depicts the basic requirements by
phase. In addition to personnel numbers and skill levels, there are many
individual factors involving human being, which may be judiciously applied
to both equipment and to the environment in which the system is to operate.
These include anthropometric parameters, human sensory limitations, and
the appropriate physiological and psychological factors as they pertain to
the environment (Blanchard and Fabrycky 1990).
(d)

Supportability
Major systems and products have been planned, designed and
developed, produced, and delivered to the customer with very little
consideration given to the aspects of maintenance and logistic support. The
primary area of emphasis has been placed on those facets of the system that
deal directly with the fulfillment of the designated mission (i.e.,
performance), while the sustaining life-cycle support of the system has been
addressed somewhat after the fact. System support (defined herein) is
viewed as the composite of all considerations needed to assure the effective
and economic support of a system throughout its programmed life cycle. It
is an integral part of all aspects of system planning, design and
development, test and evaluation, production and/or construction, consumer
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use, and system retirement. Figure 2.16 illustrates the system life cycle
along with the major logistic support activities in each phase (Blanchard and
Fabrycky 1990).

2.8

Economic Feasibility
(a)

Life-Cycle Costing
Many system and products have been planned, designed, produced,
and operated with very little concern for their life-cycle cost (LCC).
Although different facets of cost have been considered in the development
of new systems, these costs have often been viewed in a fragmented
manner. The costs associated with activities such as research, design,
testing, production or construction, operations, consumer use, and support
have been isolated and addressed at various stages in the system life cycle,
and not viewed on an integrated basis (Blanchard and Fabrycky 1990).
The recent combination of economic trends, rising inflation, cost growth
experienced for many systems and products, the continuing reduction in
buying power budget limitations, increased competition, and so on, has
created an awareness and interest in total system and product cost. Not only
are the acquisition costs associated with new systems rising, but the costs of
operating and maintaining systems already in use are increasing at alarming
rates. Design for economic implementation justification must address all
aspects of life-cycle cost, not just segments thereof.
Life-cycle cost refers to all costs associated with the system or product
as applied to the defined life cycle. The life cycle, tailored to the specific
system being addressed, forms the basis for life-cycle costing. In general,
the life-cycle cost includes the following:
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(1)

Research and development cost: Initial planning; market analysis;
feasibility studies; product research; engineering design; design
documentation; software; test and evaluation of engineering models;
and associated management functions.

(2)

Production and Construction Cost:

Industrial

engmeenng and

operations analysis; manufacturing (fabrication, assembly, and test);
facility construction; process development; production operations;
quality control; and initial logistic support requirements (e.g., initial
consumer support, the manufacture of spare parts, the production of
test and support equipment, etc.).
(3)

Operation and Support Cost: Consumer or user operations of the
system or product in the field; product distribution (marketing and
sales, transportation, and traffic management); and sustaining logistic
support throughout the system or product life cycle (e.g., customer
service, maintenance activities, supply support, test and support
equipment, transportation and handling, technical data, facilities,
system modifications, etc.).

(4)

Retirement and Disposal Cost: Disposal of non-repairable items
throughout the lifecycle; system/product retirement; material recycling
and applicable logistic support requirements.
Life-cycle cost is determined by identifying the applicable functions

m each phase of the life-cycle, costing these functions, applying the
appropriate costs by function on a year-to-year schedule, and ultimately
accumulating the costs for the entire span of the life cycle. Life-cycle cost
includes all producer and consumer costs (Blanchard and Fabrycky 1990).
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In developing cost data for a life-cycle cost analysis, the cost analyst should
initially investigate all possible data sources to determine what is available
for direct application in support of analysis objectives. If the required data
are not available, the use of parametric cost estimating techniques may be
appropriate. However, one should first determine what can be derived from
existing data banks, initial system planning data, supplier documentation,
reliability and maintainability predictions, logistic support analyses, test
data, field data, and so on.
(b)

The Use of Discounted Payback Period
The payback period for an asset or project is the number of years it
must be retained or be economically useful to recover the initial investment
with a stated return. It should never be used as a method equivalent to PW,
EUA W, or rate of return to select between alternatives, but merely as
supplemental information about an alternative. Payback analysis may be
performed using before-tax or after-tax cash flows. To find the payback
period n at a stated return, determine the n value in years using:

PW(revenue)-PW(cost)

PW(total)

(2.1)

Or,

(2.2)

II

0 = -P +

I

CFi(PIF, i%, t)

l=l

where CF 1 is the net cash flow at the end of year t. After n years (not
necessarily an integer), the cash flows will recover the investment and a
return of i%. If the asset or project is active for more than n years, a larger
return will result; but if the expected retention period is known to be less
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than n years, there is not enough time to recover the investment and the
required return. It should be pointed out that in payback-period analysis, any
cash flow occurring after n years are neglected in the computation.
The discount payback provide an indication of both the risk and the liquidity
of a project, a long payback means that the investment money will be locked
up for many years, hence the project is relatively illiquid, and since the
project's cash flows must be forecast far out into the future, the project is
probably quite risky (Blank and Tarquin 1998).
(c)

The Use of Net Cash Flow Method
Every person or company has cash receipts (income) and cash
disbursements (costs) which occur over a particular time span. These
receipts and disbursements in a given time interval are referred to as cash
flow, with positive cash flows usually representing receipts and negative
cash flows representing disbursements.
At any point in time, the net cash flow would be represented as:

Net cash flow= receipts - disbursements

(2.3)

Since cash flow normally takes place at frequent and varying time
intervals within an interest period, a simplifying assumption is made that all
cash flow occurs at the end of the interest period. This is known as the endof-period convention. Thus, when several receipts and disbursements occur
within a given interest period, the net cash flow is assumed to occur at the
end of the interest period. In the situation, since investment took place on
May 1, 1998, the withdrawals will take place on May 1, 1999 and each
succeeding May 1 for 10 years (the last withdrawal will be on May 1, 2008,
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not 2009). The end of the period means one time period from the date of the
transaction (whether it is receipt or disbursement).
A cash-flow diagram is simply a graphical representation of cash
flows drawn on a time scale. The diagram should represent the statement of
the problem and should include what is given and what is to be found. That
is, after the cash-flow diagram has been drawn, an outside observer should
be able to work the problem by looking at only diagram. Time 0 is
considered to be the present and time 1 is the end of time periodl. (We will
assume that the periods are in years) The time scale of Figure 2.17 is set up
for 5 years. It is assumed that cash-flow diagram is important to problem
cash flow. Conversely, and arrow pointing down will indicate a negative
cash flow. The cash-flow diagram in Figure 2.18 illustrates a receipt
(income) at the end of year 1 and a disbursement at the end of year 2. It is
important that you thoroughly understand the meaning and construction of
the cash-flow diagram, since it is a valuable tool in problem solution. The
example below illustrates the construction of cash-flow diagrams (Blank
and Tarquin 1998).
(d)

The Use of Present-Worth (PW) Method
The present-worth (PW) or the discount cash-flow (DCF) calculation,

Year 5

Year 1

I~
0

2

3

4

Time

Figure 2.17. A Typical Cash-Flow Time Scale.
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which may be called as present value (PV) or net present value (NPV), is
used for routinely making economic-related decisions. Generally, the
Present Value of the cash flow due n years in the future is the amount
which, if it were on hand today, would grow to equal the future amount.
This method is very popular because future expenditures or receipts are
transformed into equivalent dollars (bahts) now. The formula for calculating
the Present Value is as this equation:

p

(2.4)

Or as this expression:

P

=

F(PIF,i%,n)

(2.5)

Or as the equivalent uniform annual worth:

P = A(PIA,i%,n)

(2.6)

The expression in the brackets is known as the single-payment
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present-worth factor (SPPWF). This expression will allow determination of
the present worth P of a given future amount F after n years at interest rate i,
or of the present worth P of a given equivalent uniform annual amount A
after n years at interest rate i as well (Blank and Tarquin 1998).
For the project when both disbursements and incomes must be considered, it
is generally convenient to consider income using positive sign and
disbursement as negative sign. In this case, the higher the present value of
the project, the more profit is gained from the project. The net present value
is important because it gives a direct measure of the dollar (Baht) benefit
(on a present value basis) of the project (Blank and Tarquin 1998).
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III.

INVESTMENT COST

This chapter emphasizes on the investment aspect of the distributed voice-mail
system for mobile phones, which involves the development of a cost breakdown
structure (CBS) for the total cost in its life cycle.
The distributed voice-mail system is a set of components necessary in making
services visible to customers. Therefore, before getting into the stage in designing of the
system and the components to integrate into one system to make a distributed voicemail system services, it is important to define first all the service applications that the
system will do to serve the requirement of potential customers. The next section
describes the scope of services and features for this study.
3.1

Services and Features Description

In the distributed voice-mail system network for mobile phones, its system can
normally provide more other value-added system services not only typical features of
voice-mail system services but also other special advanced features and more useful
services. Some of these value added services are already mentioned as follows:
3.1.1 Voice and Fax Mail Services
(a)

Call Answering
Call answering over a distributed network is suggested either through
call routing or by means of distributed sessions. In either case, the user
interfaces are identical to that in a centralized system. Response times will
incur a very short delay.

(b)

Guest Message Deposit
Guest message deposit is required when a call cannot be completed
and is forwarded to a system by the telephone switch. In a wire-line
environment, guest callers will usually arrive at the subscriber's home
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location platform. With wireless networks, the call will be forwarded from
the switch where the subscriber is visiting. The switch will then route the
call to the nearest platform, resulting in a distributed session or call routing
process.
(c)

Subscriber Message Retrieval
Subscribers may use a short code or any other method to access their
Mailbox. The distributed voice-mail system network will route the call to
the voice-mail systems, either the subscriber home platform or another
system. Subscribers get the same service in both cases.

(d)

Remote Self-Provisioning
Remote self-provisioning allows subscribers to update their Mailbox
profile from remote locations by accessing their Mailboxes in the same
manner as they do for remote message retrieval. From the subscriber's
perspective, the remote self-provision is identical to a local session.

(e)

Subscriber to Subscriber Messaging
Subscriber to Subscriber messaging is used to transfer voices and fa.-x
messages between subscribers. Unlike Call Answering, where leaving a
message is a substitute for a live conversation, subscribers use messaging as
a non-real-time way of communication. Effective messaging must connect
subscribers whose mailboxes reside on separate systems, sometimes
connected to different networks. There is, therefore, a requirement for the
ability to transfer message between systems in a distributed environment.
The distributed voice-mail system messages are exchanged not only
between the voice-mail systems, but also between the voice-mail systems
and other vendors' messaging systems. This transfer utilizes inter-system
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messaging standards. Messaging requires an inter-site network in order to
send messages between the systems. The messaging process includes two
main parts:
(1)

In-Session part - the part of the process, which is executed when the
subscriber records and sends the message. This requires local and
global ADR process to identify the recipient address. In addition, the
recipient Voice Signature (VS) may be retrieved and played to the
originator of the message.

(2)

Post-Session part - the message transfer to the remote mailbox. 'The
message originator's VS is attached to the message when it is sent, so
that it can be played to the recipient when listening to the message.
Destination address validation is totally supported in one of two ways:

either by on-line Voice Signature playback, or by ID validation (where the
local system plays back the entered destination address). On-line Voice
Signature playback provides a smoother user interface, but requires
immediate response from the recipient home system. However, it is only
available between the distributed voice-mail systems.
(f)

Fax Services
Remote fax deposit, retrieval and mailbox to mailbox fa'C messaging
are supported in a similar manner to their voice equivalents, as we have
described above.

3 .1.2 Notification Services
The distributed voice-mail network supports sharing of notification devices
between subscribers located in different sites. This feature can save the cost of installing
a separate notification device in each site, which may be particularly significant vvhen
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the distributed configuration consists of many small sites. Distribute notification also
overcomes a limitation of some SMS and paging devices, of being able to connect only
to a single client system.
Associating a notification device with each subscriber is easy and flexible. With a
Decentralized configuration, all notification messages are routed to the manager server
(MS) in the main site. Form the MS, the messages are sent to the appropriate
notification device, based on the subscriber's profile.
With fully distributed voice-mail system, each notification message is sent to MS
in the local site. From that MS, the message is either delivered to a local notification
device, or, if remote notification is required, the message is routed to the remote site
MS. This MS sends the message to its local notification device. The return status is sent
back the same way - from the notification device to the remote MS, through the local
MS to the notifying MSU.
3.1.3 Subscriber Relocation
Subscriber relocation is available between distributed voice-mail system sites, or
between Message Storage Units (MSUs) in the same site. The relocation process
includes the following subscriber's objects:
(a)

Subscriber's profile (personal information, Class of Service, etc.)

(b)

Mailbox messages

(c)

Personal Greeting and Voice Signature

The following scenarios may require subscriber relocation between systems:
(a)

MSUs may be associated with certain subscriber characteristics (e.g.
arranged by geographic location or area code). If subscribers change their
numbers to a different area code, the mailbox may have to be moved across
MSU s. This relocation process takes place on the local site, over the High -
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Speed Backbone Network (HSBN).
(b)

A subscriber may move to another location, which requires relocation of the
mailbox to another distributed voice-mail system site. This, in fact, is part of
regular system administration, and is performed on-line. After relocation is
completed, the subscriber continues to receive regular service from the new
home location platform. The relocation process is performed over the intersite network with no system downtime.

(c)

Subscriber access is disabled during the transfer process (usually a few
minutes), while the guest and system messages sent to the subscriber
continue to be collected. These messages will be forwarded to the relocated
mailbox on completion of the transfer.

(d)

Massive mailbox movement. This is required when, for example, the system
needs to be expanded into multiple platforms, or converted to distributed
architecture. A typical scenario would be that a new site is established, and
specific mailboxes with particular characteristics must be moved to the new
site. Up to 3,000 mailboxes can be relocated for each MSU per hour. In
special case, when there is a need to move a very large number of
subscribers very rapidly, or when the transfer must take place between two
systems, which are not connected, via an inter-site network, the transfer can
be effected using other techniques.

3 .1.4 Charging Function
The DVMS system also includes subscriber event logging that is used for call
charging. The Call Detail Records (CDRs) which provide service provider with
information of activities performed during each call should cover all necessary details
that can be used to feed billing systems and create innovative charging schemes.
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3.1.5 Operation and Maintenance
The DVMS system must also include the operation and maintenance function that
provides the capability for the system to deliver traps for serious conditions and even
for normal maintenance. This O&M function includes, for example, Logging (for
logging of system events which segregates into event logs, software logs and resource
logs), Simple Network Management Protocol (SNMP) management (provides a
comprehensive SNMP interface for the operation, logging, performance, configuration,
and fault management functions for the software application objects), Real time monitor
(strength surveillance or fort viewing real time operations in the system), etc.

3.2

The Cost of Investment
The total system cost of investment can be estimated once the services and

features of the distributed voice-mail systems are determined. This section, the concept
of Cost Breakdown Structure and Life-cycle Cost Analysis are employed to determine
the total cost of investment.
The historical information on existing systems and the current information on new
systems similar in configuration and function to the voice-mail system network are used
where applicable. Figure 3.1 illustrates the cost breakdown structure of each category in
the life-cycle cost; the standard cost which is derived from historical experience that can
be applied to specific functions and current situations or activities for the
implementation of the distributed voice-mail systems.
In order to justify implementation of the distributed voice-mail system network
for mobile phones, we need to considerably examine costs in the life cycle costs and the
net cash flow method. See the details in Chapter 2. Resulting from the cost breakdown
structure (CBS) in Figure 3.1, the summary of each cost contributes to the total
investment cost is listed on a year by year basis. These costs are derived by taken from
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Cost Breakdown Structure of
the Distributed Voice-mail System Network

I

I

Implementation
Cost

Operation and
Maintenance Cost

Retirement and
Disposal Cost

I

I

I

I

I

Research and
Development Cost

I
- System Research
and Planning
- Technical Feasibility
Study
- Integration design
- configuration design
- Project Planning
- Process Planning
- System Test and
Evaluation
- Test planning
- Test models
- Test and evaluation
- Test data/reports

I

- Site Preparation

- System Operation
- Disposal of nonrepairable system
and Maintenance
- System operation
- un-repairable
- Preventive & corrective
equipment
maintenance
- System Retiremen
- Hardware spare and
- Personnel
material support
System handling
- Software upgrade
- Support
- System operating
equipment
personnel
Facilities
- System Administration
- Documentation
personnel

- System Implementation
- System installation
- System testing

- Service operation
- Customer Service
- Service management
center

- System Acquisition
- Hardware, Network
equipment
- System core software
- Application software
(DVMS S/W, interface
S/W, etc.)
- Right to use software
(Licenses, etc.)
- Test equipment
- Acquisition/Handling

,_ System Integration
- Integration to existing
components (DVMS,
Inter-networking, Billing
system, O&M system,
Service center, etc.)
- Integration Testing
,_Project Management
- Implementation
personnel
-Trainning
,_ Customer Care
Support
- Customer support
- Customer Information

Marketing operation
- Promotion
- Advertising
Training
- O&M training
- Service management
support training
- Training document
- Training data

- System Modification
and Expansion
- System requirement
- System expansion
- System modification
- Right to Use S/W
- System Testing and
Quality Control
- Mobile phone type
approval testing
- Integrated network and
inter-working testing

Figure 3.1. Cost Breakdown Structure of the Distributed Voice-mail System Network.
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historical and current information of the existing projects.
The summary of each cost contributes to the total investment cost which is listed
on a year by year basis is shown in Tables 3.1-3 5. Thus, resulting from the Cost
Breakdown Structure (CBS) in Figure 3.1 will be used.
From the first year (assumed that year 0 is the first year), year 0 is the starting
time to implement the system. All the cost involving research and development of new
system services are the expense of this stage. Basically the cost for feasibility study and
planning in term of business marketing, technical, operation and maintenance aspects
are essential. The major cost of the implementation would be the initial investment cost
of the entire system, which covers the system acquisition cost for any hardware (system
hardware, network hardware, test equipment, etc.) and software (system core software,
DVMS application softwares, license, etc.). In fact, the license of the software is
normally offered as the Right to Use (RTU) per subscribers.

In addition to the

application software cost, the Right To Use must also be purchased based on number of
the DVMS users. Nevertheless, all subscribers' voice-mailboxes are totally moved from
CVMS to DVMS, therefore no payment for the license fee is required. Thus, the cost
for site preparation, system implementation, system integration and testing, training and
project management, are parts of the cost during the implementation stage. The
estimated total cost of the initial investment is as summarized in Table 3.1.
In the next year, after the first year, the cost mainly falls on the operation and
maintenance category, which includes both hardware and software, preventive and
corrective maintenance. The personnel for operating and maintenance of the system is
part of the total cost during the life of the system, which also covers the training of the
personnel the necessary knowledge in order to be able to operate and maintain the
system. The training cost will be high in the first year and will be reduced in the year
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Table 3.1. The Estimated Initial Investment Cost for the Implementation of the DVMS
for Mobile Phones.
Initial Investment Cost Category (Based on CBS)

Costs (Baht)

,,

Research and development cost

- System research, planning and testing

500,000.00

Implementation cost

182,870,680.00

- H/W and S/W based prices
- Interface card
68 x Els (1 El

=

2,800 USD)

22,848,000.00

- Freight & clearance
11 % of H/W and S/W based prices

20,115,774.80

- Site preparation & installation

2,000,000.00

- Integrated test

1,000,000.00

Project Management cost

- Training courses

500,000.00
229,834,454.80

Total Initial Investment Costs

Table 3.2. The Estimated Rent Cost Rate per Month for Each 2 Mb/s Transmission
Link from TOT.
Distances (km)

Prices/month (Baht)

0-125

74,000.00

126-200

99,000.00

201-350

124,000.00

351-600

174,000.00

601-900

244,000.00

after later. It is not necessary that all training courses be finished within the first or
second year. The cost for service operation support which is necessary to build up the
satisfaction for customers regarding services offered is another area that must be
considered and put in the cost planning. This type of cost covers any activities essential
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to the serving of customers. Since the quality of the service is the direct result of the
reliable network, therefore, the service quality control (SQC) of the network must be
carried out consistently, which incurred some cost for this purpose.
The other important cost of DVMS is the transmission rent cost inter-connecting
and inter-working between each exchange and each voice-mail node in the distributed
voice-mail system network. The rent cost of each 2 Mb/s transmission media derived
from Telephone Organization of Thailand (TOT) are illustrated in Table 3.2. It
demonstrated the rent cost rate per month varied upon the distances of how far it is
between each exchange and each voice-mail node in the distributed voice-mail system
network. This type of this cost will be paid to TOT each month. So, according to Table
3.2 and the current voice-mail system network (the centralized voice-mail system
network), we can estimably summarize all transmission trunks between the voice-mail
node and each exchange to estimate the overall rent cost that has been monthly paid.
See Table 3.3 below:

Table 3.3. The Estimated Monthly Expenses for Transmission Rent Cost of the CVMS
Network.
Exchange A

Exchange B

'

No.of
Trunks (2Mb/s)

Distances

Costs/month (Baht)

(km)

BKK

CRJ

2

710

488,000.00

BKK

CMI

4

628

976,000.00

BKK

PLK

4

403

696,000.00

BKK

TAK

2

398

348,000.00

BKK

PCB

2

287

248,000.00

BKK

UDN

2

509

348,000.00

BKK

KKN

4

376

696,000.00

BKK

NMA

4

212

496,000.00

BKK

UBN

2

511

348,000.00

BKK

SRN

2

350

248,000.00
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Table 3 .3. The Estimated Monthly Expenses for Transmission Rent Cost of the CVMS
Network. (Continued)
Exchange A

Exchange B

No.of
Trunks (2Mb/s)

Distances
(km)

BKK

BKK

24

0

1,776,000.00

BKK

CBI

4

80

296,000.00

BKK

CTI

2

183

198,000.00

BKK

TAD

2

248

248,000.00

BKK

LBI

2

158

198,000.00

BKK

CNT

2

177

198,000.00

BKK

KAN

2

115

148,000.00

BKK

PBI

2

132

198,000.00

BKK

CPM

2

407

348,000.00

BKK

SNI

4

539

696,000.00

BKK

TRG

2

709

488,000.00

BKK

PKT

2

698

488,000.00

BKK

HYT

4

760

976,000.00

Total

8,590

82

Costs/month (Baht)

11,148,000.00

and to compare with the new voice-mail system network (the distributed voice-mail
system network). From Table 3.2, we can summarize all transmission trunks between
the voice-mail system nodes and each exchange to estimate the overall rent cost that
will have monthly been paid. See Table 3.4 below:

Table 3.4. The Estimated Monthly Expenses for Transmission Rent Cost of the DVMS
Network.
Distances
(km)

Costs/month (Baht)

ExchangeB

No.of
Trunks (2Mb/s)

PLK

CRI

2

298

248,000.00

PLK

CMI

4

234

496,000.00

PLK

PLK

4

0

296,000.00

Exchange A
North
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Table 3.4. The Estimated Monthly Expenses for Transmission Rent Cost of the DVMS
Network. (Continued)
Exchange A

Exchange B

No. of
Trunks (2Mb/s)

PLK

TAK

2

154

198,000.00

PLK

PCB

2

127

198,000.00

14

813

1,436,000.00

Total

Distances
(km)

Costs/month (Baht)

North-Eastern

NMA

UDN

2

288

248,000.00

NMA

KKN

4

168

396,000.00

NMA

NMA

4

0

296,000.00

NMA

UBN

2

338

248,000.00

NMA

SRN

2

161

198,000.00

14

955

1,386,000.00

Total
Central

BKK

BKK

24

0

1,776,000.00

BKK

CBI

4

80

296,000.00

BKK

CTI

2

183

198,000.00

BKK

TAD

2

248

248,000.00

BKK

LBI

2

158

198,000.00

BKK

CNT

2

177

198,000.00

BKK

KAN

2

115

148,000.00

BKK

PBI

2

132

198,000.00

40

1,093

3,260,000.00

Total
South

SNI

CPM

2

125

348,000.00

SNI

SNI

4

0

296,000.00

SNI

TRG

2

179

198,000.00

SNI

PKT

2

152

198,000.00

SNI

HYT

4

278

248,000.00

Total

14

734

1,288,000.00

Total

82

3,595

7,370,000.00

55

Therefore, the estimated each year cost for implementation of the DVMS after the first
year is illustrated in Table 3.5.

Table 3.5. The Estimated Each Year Cost after the First Year for the Implementation
of the DVMS for Mobile Phones.
1

Each Year Investment Cost Category After the 1" year

Costs (Baht)

Operation and maintenance cost
- System operation and maintenance cost
- H/W and S/W operation and maintenance

5,000,000.00

- Transmission rent cost (from Table 3.4)

7,370,000.00

- Service operation cost
500,000.00

- Customer care
- System testing and quality control cost
- Integrated network and inter-working testing

200,000.00

- Training cost
- O&M training courses

200,000.00

Total Cost of Investment Costs at 2nd _4th year

13,270,000.00

After 5th year, besides the operation and maintenance cost that must be paid in
6th year, the system expansion and modification is also another area of cost that must be

considered. The forecasted number of the DVMS users in the next ten years
approximately exceed the maximum capacity of the Right To Use which was purchased
from the beginning of the investment. Therefore, the RTU or the license must be
granted more in order to serve all subscribers. For the 6th year and the following years,
the operation and maintenance cost will be higher since hardware and software have
been used for already more than 5 years. It is normal that hardware which have been
operated for a long time would have higher possibility to be out of order and must be
fixed or replaced. However, the cost of service operation support should be lower since
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the service has already been introduced for quite a long period and it should be more

Table 3.6. The Estimated

5th

Year Cost for the Implementation of the DVMS.

The srn Year Investment Cost Category

Costs (Baht)

Operation and maintenance cost
- System operation and maintenance cost
- H/W and S/W operation and maintenance

5,000,000.00

- Transmission rent cost (from Table 3.4)

7 ,3 70,000.00

- Service operation cost
- Customer care

200,000.00

- System testing and quality control cost
- Integrated network and inter-working testing

200,000.00

- System modification and expansion cost
- License fee for RTU (500,000 subscribers)

10,000,000.00

Total Cost of Investment Costs at the 5th year

Table 3.7.

22, 770,000.00

The Estimated 5th Year and the Next Following Years Cost for the
Implementation of the DVMS.
111

Each Year Investment Cost Category After the 5 year

Costs (Baht)

Operation and maintenance cost
- System operation and maintenance cost
- H/W and S/W operation and maintenance

6,000,000.00

- Transmission rent cost (from Table 3.4)

7,370,000.00

- Service operation cost
200,000.00

- Customer care

- System testing and quality control cost
- Integrated network and inter-working testing

Total Cost oflnvestment Costs at the 6th -10th year
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200,000.00
13,770,000.00

familiar to customers. The estimated cost of the
the estimated cost of the

6th

5th

year is as appeared in Table 3.6, and

year and the next following years is as summarized in Table

3.7.
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IV.

DEMAND FORECASTING

This chapter emphasizes on the forecasting aspect of the distributed voice-mail
system for mobile phones, which involves the development of the voice-mail system
network for mobile phones.
The concept of this forecasting is to predict long-term trend and the need of the
DVMS, considered as new services, by giving the assumption that the established
patterns or relationships do not change. The current products are used as the source of
infomiation for initial forecasting in this case.
4.1

The Voice-mail Revenue Channel for Mobile Operator

As described in previous chapter regarding services and features of the Unified
Messaging Services, the implementation of the DVMS can benefit both the subscribers
and the wireless network operator. For the service operator point, various business
models for offering such services can be proposed. The reliability of the system is more
stable because when one part of DVMS system is down, others will serve all
subscribers' calls that can support the failure unit. Generally, by considering the number
of mobile phone subscribers right now, we can see that it has been greatly increasing.
Moreover, some features of the DVMS can offer, it can be expected that the revenue
increasing from implementing the DVMS is the result of increasing in the usage of
certain existing value-added services. Those particular services are:
(a)

Voice-mailcalls:
Subscribers make calls to retrieve their voice-mail messages at their
voice-mailboxes, or other calling parties have left their voice-mail messages
at the subscribers' voice-mailboxes.

(b)

Voice-mail plus:
(1)

Paging: The DVMS will send alert messages to subscribers' pager
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that there are voice-mail messages in their subscribers' voice-mail
boxes in order to alert the subscribers that there are important voicemail messages here.
(2)

Fax: The DVMS can store and forward fax messages to subscribers'
voice-mailboxes. So, both calling parties and called parties can use
this feature to send and receive the fax messages from the voicemailboxes.

(3)

Short message service (SMS): SMS is another method that the DVMS
uses to alert subscribers that there are important voice-mail messages
in their subscribers' voice-mailboxes.

So, based on these features and services of the DVMS, the followings are true:
(a)

The usage of the voice-mail calls would be increased because whenever
calls come in and subscribers do not tum on their mobile phones or are out
of the service coverage area, mobile phone exchanges will automatically be
forwarded to DVMS server. Then subscribers can certainly be reached, and
later, listen to their voice-mail messages. The same for fax redirecting
feature (voice-mail plus), if the subscribers make a fax redirecting call to
their own mobile numbers or others, the DVMS will automatically be
forwarded to a certain destination fax machine. These features actually
increase the outgoing call traffic which, in tum, increase the revenue via the
DVMS.

(b)

The usage of voice-mail would be increased through the message retrieval
using this interface feature. When subscribers make a call to retrieve voice,
or fax messages, the DVMS is used to transfer these messages. With the
intelligence text-to-speech conversion feature, it can be expected that the
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use of voice-mail will be increased through use of the DVMS feature , which
~

will ddve the revenue to increase through such services.
(c)

The usage of the Short Message Service would be increased through the use
of the Notification services. If the subscribers activate notification service,
whenever there are new messages storing in the message mailbox, the
DVMS application will alert or notify the subscribers of the incoming
messages using the SMS as a bearer. Therefore, it can be expected that the
use of the DVMS notification service will increase the revenue for the Short
Message services.

4.2

The Distributed Voice-mail System Revenue Forecasting

The call history table that is statistically mentioned is shown below as the monthly
statistics call of voice-mail services. The information in Tables 4.1 and 4.2 are examples
of the voice-mail services. These informations are derived from historical information
of the current projects that is similar to the nature of technology services.
Table 4.1 is the example of call statistic tables for the voice-mail system services.
As we have considerably seen the table below, we can approximately estimate the
operator's average income per day of the voice-mail system services for mobile phones.
In the current telecommunication services in Thailand, there is only a flat rated callcharging price of voice-mail system services. Its call-charging price is normally 3 bahts
per minute. Therefore, we can calculate the overall income per day or per month from
the table above. Table 4.2 illustrates the approximately earned monthly income of the
operator. Therefore, there are monthly 9,072,099.00 bahts from voice-mail calls and
15,085,581.00 bahts monthly from transferring calls to voice-mail boxes. From the table
4.2, the operator's estimated monthly income is totally 24,157,680.00 bahts or estimated
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Table 4.1. The Daily Call Statistics in One Month of Voice-mail Services.
Voice-mail Call
Date

No. of Calls

Transfer to VM

Minutes

No. of Calls

Minutes

110812000

68,969

98,485

152,908

159,999

210812000

66,647

95,773

153,003

160,021

3/08/2000

67,492

97,264

149,987

158,012

4/08/2000

67,892

98,043

151,945

161, 108

510812000

66,952

97,635

153,444

159,655

610812000

67,475

96,971

155,316

168,427

7/08/2000

70,574

101,023

159,943

169,034

8/08/2000

68,992

98,425

152,918

159,899

910812000

66,647

95,753

152,705

160,121

10/08/2000

67,494

97,364

149,887

158, 112

11/08/2000

66,892

98,003

151,945

161,215

12/08/2000

66,922

97,690

153,474

159,675

13/08/2000

67,425

96,971

155,316

168,427

14/08/2000

71,574

101,904

159,946

169,327

15/08/2000

66,747

95,773

153,063

160,421

16/08/2000

67,492

97,264

149,987

158,012

17/08/2000

67,892

98,043

151,945

161,108

18/08/2000

66,952

97,635

153,444

159,655

19/08/2000

67,475

96,971

155,316

168,427

20/08/2000

69,974

100,020

159,918

169, 132

21/08/2000

68,069

97,585

151,908

159,333

22/08/2000

66,825

95,397

153,093

160,766

23/08/2000

67,538

97,186

149,919

157,632

24/08/2000

67,498

96,806

150,583

158,151

25/08/2000

70,323

100,856

159,832

167,959

2610812000

66,891

97,635

153,444

159,655

27/08/2000

67,477

96,979

155,346

168,427

28/08/2000

70,574

101,023

159,973

169,303

29/08/2000

68,453

97,583

152,908

159,133

30/08/2000

66,825

88,687

153,093

160,739

31/08/2000

67,585

97,286

149,579

157,642

2,106,537

3,024,033

4,766,088

5,028,527

Total
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Table 4.2. The Daily Call Charge Statistics in One Month of Voice-mail Services.
Voice-mail Call
Date

Minutes

Transfer to VM

Income (Baht)

..

Minutes

Income (Baht)

118/00

98,485

295,455

159,999

479,997

218100

95,773

287,319

160,021

480,063

318100

97,264

291,792

158,012

474,036

418100

98,043

294,129

161,108

483,324

518100

97,635

292,905

159,655

478,965

618100

96,971

290,913

168,427

505,281

718100

101,023

303,069

169,034

507,102

818100

98,425

295,275

159,899

479,697

918100

95,753

287,259

160,121

480,363

10/8/00

97,364

292,092

158,112

474,336

11/8/00

98,003

294,009

161,215

483,645

12/8/00

97,690

293,070

159,675

479,025

13/8/00

96,971

290,913

168,427

505,281

14/8/00

101,904

305,712

169,327

507,981

15/8/00

95,773

287,319

160,421

481,263

16/8/00

97,264

291,792

158,012

474,036

17/8/00

98,043

294, 129

161,108

483,324

18/8/00

97,635

292,905

159,655

478,965

19/8/00

96,971

290,913

168,427

505,281

2018100

100,020

300,060

169,132

507,396

2118/00

97,585

292,755

159,333

477,999

22/8/00

95,397

286,191

160,766

482,298

2318100

97,186

291,558

157,632

472,896

2418100

96,806

290,418

158,151

474,453

2518100

100,856

302,568

167,959

503,877

2618100

97,635

292,905

159,655

478,965

27/8/00

96,979

290,937

168,427

505,281

2818100

101,023

303,069

169,303

507,909

2918100

97,583

292,749

159,133

477,399

3018100

88,687

266,061

160,739

482,217

31/8/00

97,286

291,858

157,642

472,926

3,024,033

9,072,099

5,028,527

15,085,581

Total

yearly income is 289,892,160.00 bahts from the DVMS calls.
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4.3

The Distributed Voice-mail System Subscriber Forecasting

Voice-mail system is the service that provides information deli very mechanism
for subscribers. It is directly related to the information voice and fax messages that
people use to communicate to each other.
All mobile phone subscribers usually would like to have their own vmcemailboxes and some mobile phone operators have already registered all subscribers'
numbers with their voice-mailboxes so that the operators can have more income
channels. According to Tables 4.1 and 4.2, if the number of subscribers of mobile phone
increases, the number of voice-mail outgoing, voice-mail incoming and call forward to
the distributed voice-mail system (DVMS) will certainly increase. That is why the
mobile phone network operator will earn more profits.
Therefore, the revenue of the operators would increase according to the increasing
numbers in the mobile phone subscribers and voice and fax message usage volumes.
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St Gabriel's Library
V.

FEASIBILITY STUDY

This chapter presents feasibility studies for the implementation of the distributed
voice-mail system in GSM wireless network operator, which consists of two main parts.
The first part deals with the economical feasibility study, followed by the second part,
which is about technical and operational feasibility study of the project.
The amounts of revenue forecasting in Chapter 4 are inputs for conducting the
feasibility in term of economical finance and the amount of investment cost from Cost
Breakdown Structure in Chapter 2, while the detail of features and services description
in Chapter 3 is used here to analyze the possibility of technical and operational aspect.
The key concept for economical feasibility study is to determine whether the project is
feasible based on period of time required to cover the investment cost together with the
amount of money gained from implementing the project based on the present value
basis. The discounted payback, the present-worth and net cash flow method methods are
utilized here as a tool for economical feasibility study.
5.1

Economic Feasibility Study

5.1.1 Feasibility Study Using Present-worth and Net Cash Flow Method
In order to find out what is the revenue gained or lost by the end of year ten in
implementing the DVMS, the present value of all investment cost and revenue received
during ten years can be calculated or discounted into the equivalent value of money now
by using the present-worth method.
According to the Thai bank interest rate, the interest i of 3% compounded yearly
can be used to calculate in the present-worth equation. Let the PW(cost) is the present
value of the investment cost and PW(revenue) is the present value of the revenue
gained.
Note that the value of the factor (P/F,3%,1) = 0.9709, (P/F,3%,2) = 0.9426,
65

(P/F,3%,3) = 0.9151, (P/F,3%,4) = 0.8885, (P/F,3%,5) = 0.8626, (P/F,3%,6) = 0.8375,
(P/F,3%,7) = 0.8131, (P/F,3%,8) = 0.7894, (P/F,3%,9) = 0.7664, (P/F,3%,10) = 0.7441,
and (P/A,3%,10)

=

8.5302. The calculation of the present worth value of this DVMS

project is as following:

PW( cost)

229,834,454.80 + 13,270,000.00 (0.9709 + 0.9426 + 0.9151
+ 0.8885) + 22,770,000.00 (0.8626) + 13,770,000.00 (0.8375
+ 0.8131+0.7894 + 0.7664 + 0.7441)
229,834,454.80 + 49,325,917.00 + 19,641,402.00
+ 54,398,385.00

PW( cost)

353,200,158.80 bahts.

PW(revenue)

289,892,160.00 (8.5302)
2,472,838,103.23 bahts.

Then, the total NPW is:

NPW(total)

PW(revenue)- PW(cost)
2,472,838,103.23 - 353,200,158.80

NPW(total)

2,119,637,944.43 bahts.

From the present value obtained in the calculation above, it is possible to conclude
that by the end of year ten, after the implementation of the distributed voice-mail system
(DVMS), the company still earn approximately 2,119,637,944.43 bahts.
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5.1.2 Feasibility Study Using Discounted Payback Method
It is necessary to determine the lifetime of the system when mobile phone

operators start any new services into the market, the services, operation and
maintenance must be carried out until the end of its lifetime. In this case, it is equal to
the life of the mobile phone network. Nevertheless, it is difficult to predict the life of the
mobile phone network because in Thailand, telecommunication business currently
depends upon the Telephone Organization of Thailand (TOT) which granted the
concession to mobile phone operators. Therefore, it is reasonable to consider the project
lifetime of the distributed voice-mail system for ten years.
From the amount of the investment cost and the revenue gained in the table, the
discounted payback period method is used to determine the period of time required to
cover the investment cost, based on the Thai bank interest rate of 3%. The calculation is
done from the following equation:

PW(total)

Table 5.1.
Years

PW(revenue)- PW( cost)

The Result of the Calculated Payback Period.
PIA

Revenue

Cost

Total.

0

0

0.00

-353,200,158.80

-353,200,158.80

1

0.9709

281,456,298.14

-353,200,158.80

-71, 743,860.66

2

1.9135

554, 708,648.16

-353,200,158.80

201,508,489.36

3

2.8286

819,988,963. 78

-353,200,158.80

466,788,804.98

4

3.1717

919,450,963.87

-353,200,158.80

566,250,805 .07

5

4.5797

1,327,619, 125.15

-353,200,158.80

974,418,966.35

6

5.4172

1,570,403,809.15

-353,200,158.80

1,217,203,650.35

7

6.2303

1,806,115,124.45

-353,200,158.80

1,452,914,965 .65

8

7.0197

2,034,955,995.55

-353,200,158.80

1,681,755,836.75

9

7.7861

2,257, 129,346.98

-353,200,158.80

1,903,929, 188.18

10

8.5302

2,472,838,103.23

-353,200,158.80

2,119,637,944.43
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The result of the calculated payback period from this equation is n = 2 years
which is less than its lifetime that we have estimated. Therefore, using the planning time
of 10 years, the project will be feasible.
5.2

Technical Feasibility Study

The technical feasibility is the available hardware/software capable of technical
meeting the requirements. When the need for the system is established, the technicaloriented study must be conducted to identify the possible technologies that can be
applied in resolving the specified system requirements.
To implement the DVMS in mobile phone network operator environment, there
are two technical areas that should be focused on; one is regarding the DVMS
distributed system configuration and the other is the integration distributed voice-mail
system function aspect. The detail regarding these two issues are as following:
5.2.1 The Distributed Voice-mail System Networks
The features and services description in Chapter 2 is used here to investigate and
determine system components and configuration involved in the implementation, based
on the existing network infrastructure and environment together with the voice-mail
system platform necessary to build up the system
In a distributed system, the computation involves two or more components. Of
most interest, here is the type of distributed system in which one computer invokes a
process on another computer without the direct participation of, or necessarily even the
knowledge of, the user. In one example of a distributed system, a user task on one
machine requires information, data or specialized processing from another machine,
such as a central machine on which a database is maintained. In another example of a
distributed system, several machines may share tasks depending on the current
workload to optimize performance for all users.

68

For our purposes, the significant characteristic of distributed systems is multiple,
independent, and physically separated computer. The computers may be directly
connected, nodes on a LAN, or connected to a wider network.
The DVMS should be integrated into components as the following items in order
to fully support the offered services:
(a)

The PSTN/PLMN: The distributed voice-mail system must be connected to
the mobile phone network so that subscribers are able to make voice call for
storing and retrieving of voice-mail messages. These connections are linked
by 2 Mb/s (2.048 Mb/s) transmission trunks, connected directly to the
mobile phone network. In a distributed system network, there is the
integration between geographically different sites, to provide a suitable
single system. This requires the combination of LAN (Local Area Network)
plus WAN (Wide Area Network) technology. Thus the voice-mail system
network will be totally connected by 2 Mb/s WAN. The interface between
each distributed node site to the WAN is the router. The connection between
the router and the distributed node site is the converter unit, the WAN
modem. The converter unit or the WAN modem, is the active access unit for
El (2.048 Mb/s).

(b)

The DVMS must be connected to the short message service center (SMSC)
for notification of incoming message services. When new messages arrive in
the voice-mailboxes, the application will inform the SMSC to send the
notification to subscribers' mobile phones. This connection can simple be an
Ethernet connection (WAN or LAN) or a leased line dedicated.

(c)

The Billing is the component handling the charging function for all the
services used by the subscribers. The connections to the billing system can
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be the same as the connections to SMSC.
(d)

Operation and maintenance center is the component that facilitates the
operation and maintenance management. This includes the fault
management of the overall system. The connection to the operation and
maintenance system can be a direct Ethernet connection from the DVMS.

The main functional features of distributed solution are outlined as follows:
(a)

Centralized operation and maintenance,

(b)

Global and centralized administration and provisioning,

(c)

Subscriber relocation. This feature is usually required when the network
needs to be expanded, a new site added and so on,

(d)

Call Routing using Internal Call Switching (ICS), which uses internal
distributed solution resources to route a call to its final destination,

(e)

Distribution session, which allows a remote voice mail session to take place
between two sites over the inter-site network,

(f)

Inter-site messaging, which allows transfer of messages between systems,
both distributed solution and other vendors' systems,

(g)

Flexible deployment options. Network operators can start with a minimal
entry-level partially distributed configuration, requiring low bandwidth
inter-site communication, and gradually introduce advanced fully
distributed features and options.

Distributed solution comes in several configurations, depending on the overall
distributed capacity and the requested level of distributed services and features.
Configurable options include the structure of each site, the inter-site network topology
and bandwidth, and whether a CMC is deployed in order to achieve centralized and
global network management.
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5.2.2 Outgoing Call in the Distributed Voice-mail System Environment
Outgoing calls are required by several distributed voice-mail system services, for
many various purposes. In general, outgoing calls can be normally divided into two
categories:
(a)

Calls that take place during a session, and are meant to be connected to the
incoming call. Examples are Call Return, Revert to Operator and calls
which are part of Intelligent Network services, such as Personal Number
Service, Voice Activated Dialing or Pre-paid Services.

(b)

Calls which are not directly related to an incoming call, and are used for offline purposes, such as message delivery, message notification, paging and so
on.

In a simple centralized system, all outgoing calls are initiated from the same
system, which happens to be the subscriber home platform as well. However, with
distributed voice-mail distributed sessions, there may be two systems involved - the
local system connected to the caller or the subscriber, and the remote home system,
where the subscriber profile resides. In general, the following rule applies: Outgoing
calls which need to be bridged to the incoming call leg are made from the local system,
where they are bridged using Internal Call Switching (ICS). Off-line outgoing calls are
made from the subscriber home platform, where the subscriber profiles (as well as any
messages that need to be delivered) are stored.
There may be specific exceptions; for an example, a local system may initiate a
message delivery call if the service is defined as non-subscriber related. In this case, the
message to be delivered is stored on the local system, which also initiates the outgoing
call to deliver it.
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5.3

Operational Feasibility Study

In addition to the technical analysis, the operational aspect in implementing the
DVMS must also be put into account. The operational feasibility is the capabilities that
the organization can absorb changes in any technologies:
(a)

Reliability
According to the services and features of the DVMS, the system can
perform its jobs so reliable because when one of all DVMS units fails, other
units will substitute to perform the overall jobs left. That means the system
will not be failed for a long time. Actually, in the DVMS system, there are
redundant working and fault tolerant systems.

(b)

Maintainability
During and after the implementation, a turnkey type of contract can be
made between the company and the supplier who supplies the equipment
and technology. The expertise and knowledge in technology of the supplier
company together with the experiences of the company's own employee in
implementing similar systems can help the implementation to be successful.
Operation and maintenance center is the component that facilitates the
operation and maintenance management.

(c)

Manability
To carry out successful implementation and operation of the system,
regarding this concern in the implementation of the project, the company
must assign persons who have enough skills to be responsible for the
implementation and operation of the system. However, one of the most
important things is the technology transfer. This area is simply the training
program for personnel in charge of operating and administering the system,
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whether formal training or on the job training.
(d)

Supportability
It is the customer service support personnel and process. The persons

who are responsible for customer service support can be those who have
already support in other services, that will be assigning more responsibility
on this particular service. However, regarding this concerned, the company
must ensure that the process in distribution of the information about the
service is arranged in a proper process and the information given to those
personnel are sufficient to support potential customers for satisfaction.
When new technologies are introduced and must be implemented, the important
thing beside the investment money is the operation personnel comprising the expertise
and knowledge in carrying out successful implementation and operation of the system.
In addition, the customer service support must also be arranged in a proper way to be
able to service all customers for subscription of this particular service. Basically, the
operation aspects that must be concerned for the implementation of this project should
consist of the following points:
(a)

The person to carry out successful implementation and operation of the
system. Regarding this concerned in the implementation of the project; the
company must assign persons who are responsible for the implementation
and operation of the system. And during the implementation, a turnkey type
of contract can be made between the company and the supplier who supplies
the equipment and technology. The expertise and knowledge in technology
of the supplier company together with the experiences of the company's
own

employee

m

implementing

implementation to be successful.
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similar

systems

can

help

the

However, one of the most important

things is the technology transfer. This area is simply the training program
for personnel in charge of operating and administering the system, whether
formal training or on the job training. The company must ensure that the
training programs are carried out sufficiently to support future technical
operation of the system.
(b)

The customer service support personnel and process: The persons who are
responsible for customer service support can be those who have already
supported in other services, that will be assigning more responsibility on
this particular service. However, regarding this concern, the company must
ensure that the process in distribution of the information about the service is
arranged in a proper process and the information given to those personnel
are sufficient to support potential customers for satisfaction.

Given that the implementation project of the DVMS is well managed to include
the investment on operation personnel and to organize well the operational process in
customer service supporting function, the implementation of the DVMS will be feasible
in term of operational aspect.
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VI.

CONCLUSIONS AND RECOMMENDATIONS

This chapter is to conclude and to express ideas regarding the implementation
justification of the distributed voice-mail system network for mobile phone. The study
done in this paper is referred to the current existing situation and is based on the nature
of the telecommunication business environment in Thailand.
6.1

Conclusions

To introduce any new services into telecommunication business, mobile phone
operators must have a certain level of confidence that such technologies, operations and
economy are feasible or worth to implement.
Due to the reason that technologies are moving so fast, the operator must ensure
short payback period for the investment, which indicates the level of profit gains in the
particular technology implementation. This is because the longer the payback period of
the project, the more risk the company will face in term of financial. Based on the result
of the feasibility study in previous chapter, the implementation of the DVMS is possible
in the mobile phone network in term of all feasibility: technical and operational and
financial. Since the project can payback at year 2, which is within ten years and the
company will earn revenue approximately more than 2 thousand million Baht after ten
years of the DVMS operation. So, the implementation of the DVMS will be feasible in
term of economical aspect.
The main functional features of distributed solution are outlined as follows:
(a)

Centralized operation and maintenance,

(b)

Global and centralized administration and provisioning,

(c)

Subscriber relocation. This feature is usually required when the netvvork
needs to be expanded, a new site added and so on,

(d)

Call Routing using Internal Call Switching (ICS), which uses internal
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distributed solution resources to route a call to its final destination,
( e)

Distribution session, which allows a remote voice mail session to take place
between two sites over the inter-site network,

(f)

Inter-site messaging, which allows transfer of messages between systems,
both distributed solution and other vendors' systems.

Flexible deployment options. Network operators can start with a minimal entrylevel

partially

distributed

configuration,

requmng

low

bandwidth

inter-site

communication, and gradually introduce advanced fully distributed features and
options. So, the implementation of the DVMS will be feasible in term of technological
aspects.
To carry out successful implementation and operation of the system, regarding
this concern in the implementation of the project, the company must assign persons who
have enough skills to be responsible for the implementation and operation of the
system. However, one of the most important things is the technology transfer. This area
is simply the training program for personnel in charge of operating and administering
the system, whether formal training or on the job training. During and after the
implementation, a turnkey type of contract can be made between the company and the
supplier who supplies the equipment and technology. The expertise and knowledge in
technology of the supplier company together with the experiences of the company's
own employee in implementing similar systems can help the implementation to be
successful Operation and maintenance center is the component that facilitates the
operation and maintenance management. According to the services and features of the
DVMS, the system can perform its jobs so reliably because when one of all DVMS
units fail, other units will substitute to perform the overall jobs left. That means the
system will not be failed for a long time. Actually, in the DVMS system, there are
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redundant working and fault tolerant systems. The customer service support personnel
and process: The persons who are responsible for customer service support can be those
who have already supported in other services, that will be assigning more responsibility
on this particular service. However, regarding this concern, the company must ensure
that the process in distribution of the information about the service is arranged in a
proper process and the information given to those personnel are sufficient to support
potential customers for satisfaction.
Given that the implementation project of the DVMS is well managed to include
the investment on operation personnel and to well organize the operational process in
customer service supporting function, the CMC is deployed in order to achieve
centralized and global network management. Therefore, the implementation of the
DVMS will be feasible in term of operational aspects.
However, when new technologies are introduced and must be implemented, the
important thing apart from the investment money, is the customer service support
satisfactions which must also be arranged in a proper way so that to be able to service
all customers for subscription of this kind of particular services.
6.2

Recommendations

Even though the implementation of the distributed voice-mail system (DVMS)
will be feasible in term of financial, the decision for the implementation of the
distributed voice-mail system (DVMS) should not limit only to the financial issues.
There are many other factors that should also be taken into account in order to decide
whether to continue investing on the project. The following points are factors that the
management must consider.
(I)

The implementation of the DVMS can have a great indirect benefit to the
company, because it may be a cause of the increasing in the number of
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subscribers in the network. Though there are many people who are going to
use the DVMS service, the new value added service would lead to a positive
image of the company. It wisely indicates the quality in servicing the
customers, which could persuade new customers to subscribe to the mobile
phone network.
(2)

As mentioned earlier, the distributed voice-mail system for mobile phone is
not an end product system but instead a based platform for many kinds of
applications or services that the company can provide to its subscribers.
Therefore, implementing the DVMS would be an opportunity for the
company to create another services added on to the same system. The
example of the other service that can be further developed in the same
platform would be the speech-to-text using voice recognition technology.

According to Chapter 3, the operators have monthly paid or lost more money
approximately 11,148,000.00 bahts in the CVMS network and 7,370,000.00 bahts in the
DVMS network for transmission links. So, in order to earn more profits, the mobile
phone network operators should have their own mobile phone networks especially
transmission networks, etc.
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APPENDIX A

GLOSSARY
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GLOSSARY

A

ADR

Address Resolution

ANSI

American National Standards Institute

ASCII

American Standard Code for Information Interchange
B

BER

Bit Error Rate

BHCA

Busy Hour Call Attempts

c
CCITT

International Telegraph and Telephone Consultative Committee

ccs

Call Control Server

CDB

Call Drop Back

CDR

Call Detail Record

CE

Computer Element

CLI

Call Line Identification

CMC

Central Management Center

CVMS

Central Voice-mail System
D

DCE

Data Communications Equipment

DID

Direct in Dial

DPC

Destination Point Code

DTE

Data Terminal Equipment

DTMF

Dual Tone Multi-Frequency

DVMS

Distributed Voice-mail System
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E

El (CEPT)

European Digital Line (European Conference of Postal
Telecommunications)
F

G
GADR

Global Address Resolution

GSM

Global System for Mobile Communication

GSL

Global Subscriber Location

H
HIA

Host Interface for Administration

HIB

Host Interface Billing

HLR

Home Location Register

HSBN

High Speed Backbone Network
I

ICS

Internal Call Switching

IP

Internal Protocol

ISA

International Standard Architecture

ISDN

Integrated Services Digital Network

ITU

International Telecommunications Union

IVR

Interactive Voice Response

IVRU

Interactive Voice Response Unit

J

K
KB

Kilobyte

KHz

Kilohertz
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L

LAN

Local Area Network

LOM

Local Operation and Maintenance
M

MB

Megabyte

MHz

Megahertz

MMU

Multi-Media Unit

MS

Manager Server

MSU

Messaging and Storage Unit

MTX

Mobile Telephone eXchange

MWI

Message Waiting Indication
N

NIU

Network Interface Unit
0

O&M

Operations and Maintenance

OMC

Operation Maintenance Center

p
PBX

Public Branch eXchange

PLMN

Public Landline Mobile Network

PNS

Personal Number Service

PSTN

Public Service Telephone Network
Q

R
RLT

Release Link Trunk

s
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SCSI

Small Computer System Interface

SMSC

Short Message Service Center

SQC

Service Quality Control

SS7

Signaling System Number 7

T
TCP/IP

Transmission Control Protocol/Internet Protocol

u

v
VAD

Voice Activated Dialing

VM

Voice-mail

VMS

Voice-mail System

w
WAN

Wide Area Network

x
y

z
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