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Abstract

This PhD thesis is concerned with research for the analysis and modeling of interconnection costs in

telecommunications based on a case study of Tanzania. The research formed the basis for

recommending the review of the current interconnection charges. Chapter 1 of the thesis started to

introduce the United States of America's (USA) Reform Act of 1996,which was the first Act in the

world that liberalised the telecommunications markets and opened them up to competition in the

USA. The competition brought up interconnection of telecommunications networks and associated

costs, which is the focus of the research. Chapter 2 provided for the design and architecture of the

interconnection of telecommunications networks In the liberalized and competitive

telecommunications markets in terms of types of interconnection models, interconnection

components, types of services, interconnection costs and call route types and factors. In chapter 3 the

thesis presented the telecommunications development in Tanzania from 1888 to date covering the

period of the monopoly era where there was no interconnection of the telecommunications networks

and the post-monopoly era where there is interconnection of the telecommunications networks.The

chapter also presented the growth of the mobile networks over time in terms of number of mobile

phones and mobile density. Chapter 4 discussed charging principles, call routing and operations of

the international roamingand non-international roaming servicesreferred to as the One Network

concept, which was launched simultaneously in East Africa (Tanzania, Kenyaand Uganda) by the

Zain GSM mobile network operator for the first time in the world on 26th September, 2006. Review

of the existing generic interconnection cost models developed by the British Telecommunications

Company Limited and Europe Economics'Consulting Firm was presented in Chapter 5. The review

formed the basis for collecting data from Tanzania. Chapter 6 presented the analysis of the data

collected from Tanzania.The analysis revealed that the interconnection costs per minute for the five

competitive telecommunications network operators for 2007-2009 were far below the

interconnection charges per minute set by the Tanzania Communications Regulatory Authority for

the same period. Chapter 7 concluded that the interconnection charges per minute for the

telecommunications industry in Tanzania for2007-2009 have been set over and above the

interconnection costs per minute obtained from the analysis of the collected data. The research

reviewed the existing generic interconnection cost models mentioned above and identified the

interconnection cost estimation methods. The research then collected audited operators' accountsand

traffic throughput in minutes from the five competitive telecommunications network operators in

Tanzania for 2007-2009. It analysed the dataand gave results,which showed a big percentage

difference of an average of at least 300% between the interconnection costs obtained from the
iv



analysis of the collected data and the interconnection charges set by the Regulator. The research

results have justified insufficient interconnection regulations currently used by the Regulator in

Tanzania. Hence, the need for the objective and accurate interconnection cost estimation

methodology for setting up the cost based interconnection charges have been confirmed by this

research.

v



TABLE OF CONTENTS

DECLARATION 1

ACKNOWLEDGEMENTS II

THE AUTHOR III

ABSTRACT IV

LIST OF TABLES IX

LIST OF FIGURES X

LIST OF ABBREVIATIONS XI

CHAPTER 1. INTRODUCTION 1
1.1. TELEPHONE CALLS INVOLVING INTERCONNECTIONS AND RELATED ISSUES 1
1.2. COST BASED INTERCONNECTION CHARGES 3
1.3.AIM AND OBJECTIVES OF THIS RESEARCH PROJECT 5
1.4. RESEARCH QUESTIONS AND HYPOTHESES 5

1.5. RESEARCHMETHODOLOGY AND CASE STUDY IN TANZANIA 6
1.6. DELIMITATIONS OF SCOPE AND KEY ASSUMPTIONS 7

1.7. CONCLUSIONS 8
1.8. THESIS ORGANIZATION 8
CHAPTER 2. DESIGN AND ARCHITECTURE OF INTERCONNECTION OF 9
TELECOMMUNICATIONS NETWORKS 9
2.1. KEy DEFINITIONS 9
2.1.1. NETWORK RELATEDDEFINITIONS 9
2.1.2.INTERCONNECTION RELATEDDEFINITIONS 10

2.2. FIXED AND MOBILE INTERCONNECTION COMPONENTS 11

2.2.1. FIXED INTERCONNECTION COMPONENTS : 11

2.2.2. MOBILE INTERCONNECTION COMPONENTS 13

2.3. DIFFERENT TYPES OF INTERCONNECTION MODELS 14

2.3.1. FIXED INTERCONNECTION MODELS 14

2.3.2. MOBILE INTERCONNECTION MODELS 15

2.4. INTERCONNECTION COSTING METHODS 16

2.4.1. MARGINAL COSTS 16

2.4.2. STAND ALONE COSTS (SAC) 16

2.4.3. FULLY DISTRIBUTED COSTS 17

2.4.4. FORWARD-LOOKING LONG RUN INCREMENTAL COSTS (FL-LRIC) 18

2.5. INTERCONNECTION BETWEEN COMPETING TELECOMMUNICATIONS NETWORKS 19
2.5.1. FIXED-TO-MoBILE INTERCONNECTION (MOBILE INTERCONNECTION) 21

2.5.2. MOBILE-TO-FIXED INTERCONNECTION (FIXED INTERCONNECTION) 21

2.5.3. MOBILE-TO-MoBILE INTERCONNECTION (MOBILE INTERCONNECTION) 22

2.5.4. FIXED-TO-FIXED INTERCONNECTION (FIXED INTERCONNECTION) 22

2.6. CALL ROUTE TYPES 22

2.6.1. THE PSTN OWN LOCAL EXCHANGE CALL ROUTE TYPE 23

2.6.2. THE PSTN ADJACENT LOCAL EXCHANGE CALL ROUTE TYPE 24

2.6.3 THE PSTN SINGLE TANDEM EXCHANGE CALL ROUTE TYPE 25

2.6.4. THE PSTN DOUBLE TANDEM EXCHANGE CALL ROUTE TYPE 26

2.6.5. THE MOBILE OWN MSC CALL ROUTE TYPE 26

2.7. CALL ROUTE FACTORS 26

vi



2.8. CONCLUSIONS 28
CHAPTER 3. ANALYSIS OF THE TELECOMMUNICATIONS DEVELOPMENTS IN TANZANIA •••.••••.•••....•.•..•.•••.•••..•.••••.••• 29
3.1. BACKGROUND AND HISTORY OF THE TELECOMMUNICATIONS DEVELOPMENT IN TANZANIA 31
3.1.1. TELECOMMUNICATIONS DEVELOPMENT DURING THE GERMAN COLONIAL RULE {1888-1918} 31
3.1.2. TELECOMMUNICATIONS DEVELOPMENT DURING THE GREAT BRITAIN COLONIAL RULE {1918-1961} 31
3.1.3. TELECOMMUNICATIONS DEVELOPMENT DURING THE POST COLONIAL RULE AND MONOPOLY SITUATION {1961-
1993} 31
3.2. MACRO-ECONOMIC REFORMS 32
3.2.1. FIRSTGENERATION MACRO-ECONOMIC REFORM •.•••••••••••.••••••••.•••••••••••••••••••••••••••••••.••.••••••.•.•••••••.•.• 33
3.2.2. SECOND GENERATION MACRO-ECONOMIC REFORMS ••••••••.•••..•..•..•..••••••••••••••••••••••••.•.••..••••••••••.•••••••• 34
3.3. POLICY FRAMEWORK 34
3.3.1. NATIONAL TELECOMMUNICATIONS POLlCY ••••••••••••••••••••••••••••••••.••.••.•.•••••.•.•••••••.•••••.••••.••••..•••••••••••.• 34
3.3.2. NATIONAL INFORMATION AND COMMUNICATIONS TECHNOLOGY POLlCY .•.•.•••••.•••••••••••••••••••••••.•••••••••••••• 35
3.3.3. PRIVATIZATION OFTHE TANZANIA TELECOMMUNICATIONS COMPANY LIMITED ••.••••.•••••••••••••..•..•..•••.••...•.• 36
3.4. LEGAL AND REGULATORY FRAMEWORK 36
3.4.1. LEGAL FRAMEWORK 37
3.4.2. THE REGULATORY FRAMEWORK 37
3.4.3. EXAMPLES OF LICENSING FRAMEWORKS FROM OTHER COUNTRIES 41
3.4.4. THE IMPACT OF THE CONVERGED LICENSING FRAMEWORK ON INDUSTRY AND ECONOMY IN TANZANIA 43
3.4.5. INTERCONNECTION REGULATIONS 43
3.5 COMPETITIVE TELECOMMUNICATIONS NETWORK DEPLOYMENT AND OPERATIONS .45
3.5.1. TANZANIA TELECOMMUNICATIONS COMPANY LIMITED 45
3.5.2. VODACOM 47
3.5.3. ZAIN 48
3.5.4. TIGO 48
3.5.5. ZANZIBAR TELECOMMUNICATIONS LIMITED .49
3.6. NON-COMPETITIVE TELECOMMUNICATIONS NETWORK DEPLOYMENT AND OPERATIONS 51
3.6.1. BENSON INFORMATICS LIMITED 51
3.6.2. SASATEL COMPANY liMITED 52
3.6.3. SIX TELECOMS COMPANY LIMITED 52
3.6.4. SEACOM TANZANIA LIMITED 52
3.7. ANALYSIS OFTHE GROWTH OF MOBILE NETWORKS IN TANZANIA 53
3.7.1. THE DIFFUSION THEORY OF INNOVATION 54
3.7.2. FIXED AND MOBILE PHONE DATA COLLECTED FROM TANZANIA SS
3.7.3. ANALYSIS OFTHE MOBILE GROWTH PHENOMENA USING THE GOMPERTZ MODEL. 58
3.8. CONCLUSION 63
CHAPTER 4. FROM INTERNATIONAL ROAMING To NON-INTERNATIONAL ROAMING IN TANZANIA 64
4.1. POST-PAID INTERNATIONAL ROAMING 64
4.1.1. POST-PAID INTERNATIONAL ROAMING: TARGET CUSTOMERS 64
4.1.2. POST-PAID INTERNATIONAL ROAMING: SCENARIO 64
4.1.3. POST-PAID INTERNATIONAL ROAMING: OPERATIONS 65
4.1.4. POST-PAID INTERNATIONAL ROAMING: CHARGING PRINCIPLES 65
4.2. PRE-PAID INTERNATIONAL ROAMING 66
4.2.1. PRE-PAID INTERNATIONAL ROAMING: TARGET CUSTOMERS 66
4.2.2. PRE-PAID INTERNATIONAL ROAMING: SCENARIO 66
4.2.3. PRE-PAID INTERNATIONAL ROAMING: OPERATIONS 66
4.2.4. PRE-PAID INTERNATIONAL ROAMING: CHARGING PRINCIPLES 67
4.3. NON- INTERNATIONAL ROAMING (ONE NETWORK CONCEPT) 67

vii



4.3.1. NON-INTERNATIONAL ROAMING:ONE NETWORK CONCEPT •.•••.•••••.•.•••.•...•••••...••.•.••..••••••....•....•...•••...•. 67
4.3.2. NON-INTERNATIONAL ROAMING: NETWORK ROLL-OUT PLAN •.••••.••.•••••.••••••.••....•.•••.•..•..•...•.•.•....•.••.•.•.• 67
4.3.3. TECHNICAL INTEGRATION OF THE NON-INTERNATIONAL ROAMING •.••••....•..•.••...•..••.••.•••.•••.•.•.•..•.•..•.•.... 68
4.3.4. NON-INTERNATIONAL ROAMING: COST EFFECTIVEAND USER-FRIENDLY SOLUTIONS •.••••••••••••..•.•.•......••••.••• 69
4.3.5. THE IMPACT OF THE NON-INTERNATIONAL ROAMING .••.•••••••••••••••••••..•.•.•••.•••••••••••••••••••..•••••••••••••••...• 70
4.4. CONCLUSION 70
CHAPTER 5. REVIEW OF THE EXISTING GENERIC INTERCONNECTION COST MODELS 71
5.1. THE BRITISH TELECOM'S TOP-DOWN LONG RUN INCREMENTAL COST MODEL. •••.•....•.•••••••••.••..•••••....••..•....• 71
5.1.1. THE BTToTAL TELECOMMUNICATIONS NETWORK BUSINESS MODEL 71
5.1.2. THE NETWORK INCREMENTTO BE MMODELLED •••••••••.••..•.••••••.••.•••••••••••••••••••.•••••..•.•••••.•••..••••••..•....• 72
5.1.3. COST MODELING ApPROACHES 73
5.1.4. TYPES OF COSTS BEING CALCULATED 73
5.1.5. INTERCONNECTION COST ESTIMATION USING THE BT's TOP-DOWN LRIC MODEL 73
5.2. THE EUROPE ECONOMICS' BOTTOM-UP LONG RUN INCREMENTAL COST MODEL 77
5.2.1. NETWORK INCREMENT To BE MODELED 77
5.2.2. NETWORK COMPONENTS BEING MODELED 77
5.2.3. COST MODELING ApPROACH 77
5.3. COMPARISON OF BOTTOM-UP AND TOP-DOWN COST MODELING APPROACHES 79
5.4. CONCLUSION 80
CHAPTER 6. ANALYSIS OF INTERCONNECTION COST MODELS FOR TANZANIA 81
6.1. ADAPTATION OF THE INTERCONNECTION COST MODEL.. 81
6.1.1. THE ADAPTED INTERCONNECTION COST MODEL. 81
6.1.2. COMPONENTS OF THE ADAPTED INTERCONNECTION COST MODELS 81
6.1.3. COST FUNCTION OF THE ADAPTED INTERCONNECTION COST MODEL 82
6.2. DEFINING TRAFFIC THROUGHPUTS 82
6.2.1. CURRENT TRAFFIC THROUGHPUT IN CALLS 83
6.2.2. Current Traffic Throughput in Minutes 84
6.2.3. EXPECTEDTRAFFIC THROUGHPUT IN CALLS 84
6.2.4. Expected Traffic Throughput in Minutes 85
6.2.5. Interconnect Traffic Throughput in Calls 85
6.2.6. Interconnect Traffic Throughput in Minutes 85
6.2.7. Total Traffic Throughput in Calls 86
6.2.8. Total Traffic Throughput in Minutes 86
6.3. NETWORK COSTING 86
6.3.1. Network Related Costs 86
6.3.2. THE WEIGHTED AVERAGE COST OF CAPITAL (WACq EVALUATION 90
6.3.3 TOTAL DIRECT ANNUAL COSTS 94
6.4. TRAFFICTHROUGHPUTCALCULATIONS 95
6.4.1. INTERCONNECT TRAFFIC THROUGHPUT IN MINUTES CALCULATIONS 95
6.4.2. TOTAL TRAFFIC THROUGHPUT IN MINUTES CALCULATIONS 96
6.5. COST ESTIMATION 97
6.5.1. INTERCONNECTION COST ESTIMATION 97
6.5.2. ESTIMATION OF UNIT AND AVERAGE INTERCONNECTION COSTS 100
6.6. CONCLUSION 104
CHAPTER 7. CONCLUSIONS 106
REFERENCES 108
ApPENDIX A. NETWORK COSTING 112

viii



LIST OF TABLES
TABLE 1.1. THE EU BEST PRACTICE BENCHMARKED INTERCONNECTION CHARGES FOR 2002 FOR THE FIXED PSTN ...•.• 4

TABLE 2.1. AN EXAMPLE OF NETWORK COMPONENTS ASSOCIATED WITH THE FIXED INTERCONNECTION ..•...••....... 12

TABLE 2. 2. DEFINITION OF TERMS ASSOCIATED WITH THE MOBilE INTERCONNECTION MODEL. •.••••.••••...••••••.•••••••.• 14

TABLE 2. 3.AN EXAMPLE OF SERVICES PROVIDED BY THE FIXED INTERCONNECTION MODEL (OWN WORK) ••••.•••••••.. 15

TABLE 2. 4. AN EXAMPLE OF VOICE CALLING SERVICES PROVIDED BY THE MOBilE INTERCONNECTION MODEL. •••.... 15

TABLE 2.5. AN EXAMPLE OF ROUTING FACTORS FOR FIXED INTERCONNECTION COST MODEL [ITUD2010) ••••••.••••••••• 28

TABLE 2.6. AN EXAMPLE OF ROUTE FACTORS FOR DIFFERENT COMPONENTS IN THE MOBilE INTERCONNECTION
COST MODEL FOR THE 2-G MOBilE NETWORKS [ITUD2010] .....•••.•.•....•...•.•••.•.•••••.••••••.••••..•••••••••••••••••.•.••.••••••.••••...•• 28

TABLE 3.1. A MATRIX OF LICENCE CATEGORY AND MARKET SEGMENT IN THE ClF IN TANZANIA [TCRA200S] ••••••...•• 38

TABLE 3.2. NUMBER OFLICENSES ISSUED AS IN DECEMBER 2010 [TCRA2011] 39

TABLE 3.3. RADIO FREQUENCY SPECTRUM DEMAND AND SUPPLY IN TANZANIA (AS IN DECEMBER 2010) [TCRA2011] .
................................................................................................................................................................................... 40

TABLE 3.4. NUMBER OF LICENCES UNDER THE ClF IN MALAYSIA AT THE START OF 2009 [MCMC1998] ••••••..•.•.•••••••.• 41

TABLE 3.5. ALIGNED VOICE CAll INTERCONNECTION CHARGES PER MINUTE FROM 1.1.2008 TO 31.12.2012 ....•••••••. 45

TABLE 3.6. CUMULATIVE GROWTH OF FIXED AND MOBilE PHONES IN TANZANIA FROM 2000-2009 ...•..•.....••....••..... 55

TABLE 3.7. PROJECTION OF POPULATION IN TANZANIA: 2003 - 2035 [TNBS2009J .•••••••.••••••••••••••••••••.•••.•.•••••••.••••••••• 63

THE BT'S MODEL CALCULATES FOUR DIFFERENT TYPES OF COSTS [BRTE,200S]. THESE COSTS INCLUDE: •••••••••••••••.•.•• 73

TABLE 5.1. THE UNIT COMPONENT COSTS OF THE BT TOP DOWN lRIC MODEL [BRTE, 2005] 75

TABLE 5.2. INTERCONNECTION COSTS PER MINUTE OF THE BT NETWORK FOR 2005 [BRTE200S] 76

TABLE 5.3. UNIT COMPONENT COSTS IN CENTS OF EURO PER MINUTE [EUEC2002] 78

TABLE 5.4. AVERAGE INTERCONNECTION COSTS IN EURO PER MINUTE [EUEC, 2002J 78

TABLE 5.5. COMPARISON OF BOTTOM-UP AND TOP-DOWN COST MODELING APPROACHES 79

TABLE 6.1. ADAPTED COMPONENTS TO THE TANZANIA CASE STUDY 82

TABLE 6.2. ANNUALIZED CAPEX FOR THE FIVE COMPETITIVE OPERATORS 88

TABLE 6.3. NETWORK RELATED OPEX DERIVED FROM THE ANNUALIZED CAPEX 89

TABLE 6.4. NETWORK RELATED ANNUAL COSTS FOR THE FIVE COMPETITIVE TELECOMMUNICATIONS NETWORK
OPERATORS FOR 2007- 2009 90

TABLE 6.5. OPERATORS' FINANCING STRUCTURE IN TERMS OF EQUITY AND DEBT FOR 2007-2009 91

TABLE 6.6. PRE·TAX WACC FOR THE FIVE COMPETITIVE TELECOMMUNICATIONS NETWORK OPERATORS FOR 2007·
2009 93

TABLE 6.7. TOTAL DIRECT ANNUAL COSTS FOR THE FIVE COMPETITIVE TELECOMMUNICATIONS NETWORK
OPERATORS FOR 2007.2009 94

TABLE 6.8. ANNUAL INTERCONNECT TRAFFIC THROUGHPUT IN MINUTES FOR FIVE COMPETITIVE TELECOMS
NETWORK OPERATORS FOR 2007·2009 96

TABLE 6.9. TOTAL TRAFFIC THROUGHPUT IN MINUTES FOR THE FIVE COMPETITIVE TELECOMMUNICATIONS
NETWORK OPERATORS FOR 2007·2009 98

TABLE 6.10. INTERCONNECTION COSTS FOR THE FIVE COMPETITIVE OPERATORS FOR 2007·2009 100

TABLE 6.11. UNIT INTERCONNECTION COSTS PER OPERATOR PER YEAR IN TZS AND AVERAGE UNIT
INTERCONNECTION COSTS FOR THREE YEARS IN TZS FOR THE FIVE COMPETITIVE OPERATORS FOR 2007·2009 ...... 101

TABLE 6.12. AVERAGE MOBILE MARKET UNIT INTERCONNECTION COSTS IN TZS AND ITS PERCENTAGE DIFFERENCE
PER YEAR FOR 2007.2009 103

ix



LIST OF FIGURES
FIGURE 1.1. CALLS INVOLVING INTERCONNECTION SCENARIO BETWEEN A NEW ENTRANT OPERATOR'S MOBILE NETWORK AND
INCUMBENT FIXED OPERATOR'S NETWORK 2

FIGURE 2.1. THE MODERN EQUIVALENT FIXED SWITCHING NETWORK HIERARCHY [EUEC2002) 11

FIGURE 2.2. LOCATIONS OF POINTS OF INTERCONNECTION IN THE CONVEYANCE NETWORK [THOM2003) 12

FIGURE 2.3. THE GSM NETWORK ARCHITECTURE [GSMA2009) 13

FIGURE 2.4. AN EXAMPLE OF MARGINAL COSTS. HERE A TO E ARE VARIOUS SERVICES 17

FIGURE 2.5. EXAMPLE OF SAC COSTS. HERE A TO E ARE VARIOUS SERVICES 17

FIGURE 2.6. EXAMPLE OF FDC OR FAC. HERE A TO E ARE VARIOUS SERVICES 18

FIGURE 2.7. EXAMPLE OF LRIC. HERE A TO E ARE VARIOUS SERVICES 19

FIGURE 2.S. AN EXAMPLE OF INTERCONNECTION BETWEEN THE COMPETING TELECOMMUNICATIONS NETWORKS [ITEU2010B).20

FIGURE 2.9. AN EXAMPLE OF INTERCONNECTION BETWEEN NON-COMPETING TELECOMMUNICATIONS NETWORKS [ITEU2010B) •
..................................................................................................................................................................................................... 20

FIGURE 2.10. AN EXAMPLE OF FIXED- TO-MOBILE INTERCONNECTION (MOBILE INTERCONNECTION) 21

FIGURE 2.11. AN EXAMPLE OF MOBILE-TO-FIXED INTERCONNECTION (FIXED INTERCONNECTION) 21

FIGURE 2.12. AN EXAMPLE OF MOBILE- TO-MOBILE INTERCONNECTION (MOBILE INTERCONNECTION) 22

FIGURE 2.13. AN EXAMPLE OF FIXED-TO FIXED INTERCONNECTION (FIXED INTERCONNECTION) 22

FIGURE 2.14. THE PSTN OWN LOCAL EXCHANGES CALL ROUTE TYPE [BRTE2005) 24

FIGURE 2.15. ADJACENT LOCAL EXCHANGES CALL ROUTE TYPE [BRTE2005) 25

FIGURE 2.16. THE SINGLE TANDEM EXCHANGE CALL ROUTE TYPE [BRTE2oo5) 25

FIGURE 2.17. DOUBLE TANDEM EXCHANGE CALL ROUTE TYPE [BRTE2oo5) 26

FIGURE 2.18 • OWN MSC CALL ROUTE TYPE [GILL2003) 27

FIGURE 3.1. THE MAP OF TANZANIA [URTA2005) 29

FIGURE 3.Z. A MAP OF TANZANIA SHOWING ROUTES OF THE PLANNED NATIONAL ICT BACKBONE OPTICAL FIBER CABLE SYSTEM
[TTCL,ZOO9) 47

FIGURE 3.3. THE MAP OF THE TIGO'S GSM MOBilE NETWORK COVERAGE [TIGOZOO9) 49

FIGURE 3.4. THE MAP OF ZANTEL'S GSM MOBILE NETWORK COVERAGE [ZANT,ZOO9) 50

FIGURE 3.5. THE AFRICAN SUBMARINE CABLE NETWORKS [SEACZOO9) 53

FIGURE3.6. THE NON-LINEAR CURVED PENETRATION [FILDEZOO7) 54

FIGURE 3.7. CUMULATIVE GROWTH OF MOBILE PHONES AGAINST TIME 57

FIGURE 3.8. MOBILE DENSITY AGAINST TIME 57

FIGURE 5.1. THE BT TOTAL NETWORK BUSINESS MODEL [BRTE, ZOOS) 7Z

FIGURE 5.2. USE OF THE COMPONENTS OF THE BT NETWORKS FOR THE LRIC AND DLRIC COSTS BRTE, ZOOS) 74

FIGURE 5.3. USE OF COMPONENTS OF THE BT NETWORKS FOR THE SAC AND DSAC COSTS [BRTEZ005) 74

FIGURE 6.1. TOTAL DIRECT ANNUAL COSTS FOR FIVE COMPETITIVE OPERATORS FOR Z007-2009 95

FIGURE 6.Z. ANNUAL INTERCONNECT TRAFFIC THROUGHPUT IN MINUTES FOR FIVE COMPETITIVE TELECOMS NETWORK
OPERATORS FOR 2007-2009 97

FIGURE 6.3. TOTAL TRAFFIC THROUGHPUT IN MINUTES FOR AU CALL TYPES PER OPERATOR TELECOMMUNICATIONS NETWORK
OPERATORS FOR Z007-ZOO9 99

FIGURE 6.4.INTERCONNECTION COSTS PER OPERATOR FOR Z007-ZOO9 1oo

FIGURE 6.5. UNIT INTERCONNECTION COSTS PER OPERATOR PER YEAR IN TZS FOR Z007-Zoo9 10Z

FIGURE 6.6. AVERAGE UNIT INTERCONNECTION COSTS PER OPERATOR IN TZS FOR Z007-2009 10Z

x



List of Abbreviations
AIM Adaptable Interconnection Model

ASL Application Service Licence

AT&T American Telegraph and Telephone

AUC

BOT

BSC

BT

BTS

CAMEL

CAPEX

CAPM

CCK

CCSS No.7

CCTLD

CDMA

CEIR

CERT

CLF

CSL

EAC

EACO

EACSO

EAP&TC

EASSy

EC

EDGE

EIR

EPOCA

ERG

ERP

EU

FAC

FCi

Authentication Centre

Bank of Tanzania

Base Station Controller

British Telecommunications

Base Transceiver Station

Customized Application for Mobile network Enhanced Logic

Capital Expenditure

Capital Asset Pricing Model

Communications Commission of Kenya

Common Channel Signaling System No.7

Country Code Top Level Domain

Code Division Multiple Access

Central Equipment Identification Register

Computer Emergency Response Team

Converged Licence Framework

Content Service Licence

East African Community

East African Communications Organisation

East African Common Services organisation

East African Posts and Telecommunications Corporation

East African Submarine cable System

European Commission

Enhanced Data rate for GSM Evolution

Equipment Identification Register

Electronic Postal and Communications Act

European Regulatory Group

Economic Recovery Programme

European Union

Fully Allocated Costs

Fixed Call initiator/originator

xi



FCr

FDC

FOt

F02

GATS

GDP

GPRS

GSM

HSPOA

ICASA

ICT

IMT-2000

IN

IP

IRP

ISO

ITU

LE

(LE-TE)le

(LE-TE)li

LRIC

MCi

MCr

MOF

MEA

MMS

MOl

M02

MSC

MSI

NFL

NMS

NRA

NTP

Fixed Call recipientltenninator

Fully Distributed Costs

Fixed Operator network 1

Fixed Operator network 2

General Agreement on Trade in Services

Growth Domestic Product

General Packet Radio Services

Global System for Mobile communications

High Speed Packet Downlink Access

Independent Communications Authority for South Africa

Information and Communications Technology

International Mobile Telecommunication-2000

Intelligent Network

Internet Protocol

Integrated Road Project

International Subscriber Dialing

International Telecommunication Union

Local Exchange

Local Exchange to Tandem Exchange transmission length

Local Exchange to Tandem Exchange transmission link

Long Run Incremental Costs

Mobile Call initiator/originator

Mobile Call recipientltenninator

Main Distribution Frame

Modem Equivalent Asset

Multimedia Message System

Mobile Operator network 1

Mobile Operator network 2

Mobile Switching Center

Mobile System International

Network Facility Licence

Network Management System

National Regulatory Authority

National Telecommunication Policy

xii



OPEX

pes
PDH

PMG

PSTN

RDF

RON

RSU

(RSU-LE)le

(RSU-LE)li

SAC

SMP

SMS

SMSC

TCC

TCRA

TCW

(TE-TE)le

(TE-TE)li

TP&TC

TPC

TRA!

TTCL

UCAF

USA

VHE

VLR

VMS

WACC

WLL

WTO

Operating Expenditure

Personal Communications System

Pleiosynchronous Digital Hierarchy

Postal Master General

Public Switched Telephone Network

Rural Development Fund

Rest of Other Networks

Remote Switching Unit

Remote Switching Unit to Local Exchange Transmission length

Remote Switching Unit to Local Exchange Transmission link

Stand Alone Costs

Significant Market Power

Short Message System

Short Message System Controller

Tanzania Communications Commission

Tanzania Communications Regulatory Authority

Twisted Copper Wires

Tandem Exchange to Tandem Exchange Transmission length

Tandem Exchange to Tandem Exchange Transmission link

Tanzania Postal and Telecommunications Corporation

Tanzania Postal Corporation

Telecommunications Regulatory Authority of India

Tanzania Telecommunications Company Limited

Universal Communications Access Funds

United States of America

Virtual Home Environment

Visitor Location Register

Voice Mail System

Weighted Average Cost of Capital

Wireless Local Loop

World Trade Organisation

xiii



Chapterl. Introduction

The Telecommunications Reform Act of 1996 in the United States of America (USA) [FCCOI996]

resulted in liberalization and deregulation of the USA telecommunications markets. Most other

countries around the world followed it. The telecommunications markets have changed with new

entrant operators (often mobile) and incumbent fixed telecommunications network operators by having

obligations to interconnect their networks [FCCO].

1.1. Telephone Calls Involving Interconnections and Related Issues

Call scenario involving interconnection and associated costs between a new entrant operator's mobile

network and incumbent fixed operator's network is shown in Fig. 1.1. At first, a person from the new

entrant operator's mobile network makes a call to a person who is a subscriber of another operator of

the incumbent fixed network. The call is sent from the new entrant operator's mobile network to the

incumbent fixed operator's network via the interconnection link. The calling person pays the new

entrant mobile network operator a retail tariJffor originating and sending a call to the person belonging

to the incumbent fixed network operator. At second, the new entrant mobile network operator pays the

incumbent fixed network operator part of the retail tariff received from the calling person as

interconnection charges for terminating the call.

This scenario shows only one possible mobile to fixed interconnection known as fixed terminationfrom

Mobile Call initiator/originatorto Mobile Operator network! to Fixed Operator network! to Fixed Call

recipient/terminator (MCi ~ MO! ~ FO1 ~ FCr); that is;the fixed network operator charges the

mobile network operator for terminating a call from the mobile network on the fixed network.Even if

the scenario presents on new mobile operators (service providers), it is not only Mobile to Fixed

interconnection, but also Fixed to Mobile interconnection, Mobile to Mobile interconnection and fixed

tOfixedinterconnection:

• Fixed to mobile interconnectionknown as mobile termination, this scenariomeans the

interconnection from Fixed Call initiator/originator to Fixed Operator network! to Mobile

Operator network! to Mobile Call recipient/terminator(FCi ~FO! ~MOI ~MCr);that is,

the mobile network operator charges the fixed network operator for terminating a call from the

fixed network on the mobile network;

1



• Mobile to mobile interconnectionknown as mobile termination, this scenano means the

interconnection from the Mobile Call initiator/originator to Mobile Operator network! to Mobile

Operator network2to Mobile Call recipient/terminator (MCi -tMo! -tM02 -tMCr); that is,

the mobile network operator charges another mobile network operator for terminating the call

from the mobile network on the mobile network;

• Fixed to fixed interconnection known as fixed termination, this scenano means the

interconnection from the Fixed Call initiator/originator to Fixed Operator network! to Fixed

Operator Network2 to Fixed Call recipient/terminator (FCi -tFOl -tF02 -tFCr); that is,the

fixed network operator charges another fixed network operator for terminating a call from the

fixed network on the fixed network.

A perso
calling New

Entrant

+- Mobile ~
Operator,
MOl

Mobil

A person
being called

Incumbent

Fixed I
Operator, ......
FOl 1------1"

M Q m
Ci Calling part Terminating Fixed

Orlginating., Network \\ cal'r(art
Vtwork V OperatoV:::JJ

Figure 1.1. Calls involving interconnection scenario between a new entrant operator's mobile
network and incumbent fixed operator's network.

Calling part pays the originating
operating network operator a
retail tariff for the origination
and termination of the call

Terminating network operator
receives interconnection
charges from the originating
network operator

Termination or
Interconnection
charges
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The following notations are defined below:

MCi -Mobile call initiator/originator;

MOl- Mobile operator network 1;

M02 - Mobile operator network 2;

MCr - Mobile call recipientitenninator;

FCi - Fixed call initiator/originator;

FO 1 - Fixed operator network 1;

F02 - Fixed operator network 2;

FCr - Fixed call recipientitenninator.

The calls involving the interconnection scenarios are therefore essential in the liberalized and

competitive telecommunications markets in order to allow seamless communications of subscribers

connected to different operators' telecommunications networks [Laff1996, Lapu1999]. This scenario

enables telecommunications network operators to send and terminate calls on the other

telecommunications operators' networks as well as receive and terminate the calls originated from the

other telecommunications operators' networks. The originating telecommunications network operator

pays for the costs of terminating the calls on the other telecommunications operators' networks as

interconnection charges[CartI999, Walker1997]. When the traffic is balanced bill and keep (Sender

Keeps All) can be introduced [Jong2008].Currently, most of the telecommunications network operators

negotiated the interconnection charges on commercial basis. The National Regulatory Authority (NRA)

normally intervenes the negotiation, when there is a dispute. The Tanzania Communications

Regulatory Authority (TCRA) intervened the interconnection disputes two times by issuing the

Interconnection Determinations No. I and 2 of 2004 and 2007 respectively and determined the

interconnection charges. In 2004, the Communications Commission of Kenya (CCK) also issued the

Interconnection Determination and determined the interconnection charges.

1.2. Cost Based Interconnection Cbarges

Usually, the NRA developed their interconnection regulations in most countries in the world requiring

the public telecommunications network operators to estimate the interconnection charges based on

costs. The cost based interconnection charges usually promote effective competition and economic

efficiency in the country [Anyi2004, Falc2004, Stov2004]. The effective competition ensures that the

new telecommunications network entrants access the existing network facilities on conditions that
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enable them to compete effectively with the incumbent telecommunications network operators with the

Significant Market Power (SMP) [Grube1999, Falch2004].

However, the methodology for estimating the cost based interconnection charges in the most part of the

world is still subjective. This indicates that most of the National Regulatory Authorities in the world

have been experiencing difficulties to address the question of how to estimate the interconnection

charges based on the costs [Arms 1998, Gill2004]. In February 1998, the World Trade Organization

(WTO) issued the Fourth Protocol of the General Agreement on Trade in Services (GATS), which

required the fixed Public Switched Telephone Network (PSTN) operators with the Significant Market

Power to address the question of estimating the cost based interconnection charges in their networks on

the basis of transparency [Mel02002, Cave2004].

The European Commission (EC) issued the directive requiring the European Union (EU) Member

States to estimate accurately and reliably the cost based interconnection charges in their networks as

specified by the World Trade Organisation [Euec2002]. In 2002, the European Commission also issued

to the European Union Member States the "best practice" cost based interconnection charges (see Table

1.1), which benchmarked the interconnection charges from the three lowest charged EU Member

States. The EU Member States adopted them as an interim solution pending for the completion of the

interconnection cost studies in the European Union Member States.

Table 1.1.The EU best practice benchmarked interconnection charges for 2002 for the fixed
PSTN.

Interconnection services Interconnection charges in euro per minute
Local level 0.40-0.70

Single tandem 0.70-1.20

Double tandem 1.20-1.44

There are three categories of fixed interconnection (traffic termination) over Public Switched

Telephone Networks:

• Local level: when the Point of Interconnection is in the local exchange to which the destination

end-User is directly connected;

• Single Tandem: when the Point of Interconnection is in the Tandem (Transit) exchange, to

which the local switch of the end User is directly connected;

• Double Tandem: when the Point of Interconnection is in a Tandem (Transit) exchange that

does not interconnect to the local switch to which the destination end User is directly connected.

The Traffic must be routed over (at least) another Tandem or Transit exchange before being
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sent to the destination local exchange.

The EC commissioned the consulting firm from the United Kingdom (UK) called the Europe

Economics to conduct the interconnection cost study for the PSTN in the EU Member States.

The consulting firm conducted the interconnection study and developed an Adaptable Interconnection

Model (AIM) for the EU member States. This model estimated the Long Run Incremental Costs

(LRIC) of fixed interconnection services for the PSTN in the EU Member States [Euec2002]. These

costs as presented in Chapter 5 formed the basis to replace the EU best practice benchmarked

interconnection charges in Table 1.1. The British Telecommunications Company Limited developed a

top-down LRIC model for her own internal use [Brte2005].

1.3. Aim and Objectives of this Research Project
The aim of this research project is to adapt the chosen existing interconnection cost model to the

Tanzania case study by specifying the following particular objectives:

• Identifyaccurate interconnection cost estimation methods;

• Establish cost based interconnection charges;

• Introduce effective and reliable interconnection charges.

1.4. Research Questions and Hypotheses
This project focused on the following sets of research questions relating to the objectivity, reliability,

transparency, competitiveness, effectiveness and universality of the current interconnection charges:

• How objective and effective are the current interconnection charges in Tanzania?

• Are they based on costs?

• Can they be applied universally?

• What changes should be applied, if any, for the interconnection charge estimation method to

particular regions/ market situations?

• How to develop the objective interconnection cost estimation methods with the use of field data

in a focused case study?

The following hypotheses guided this research to achieve the said above objectives:

• Interconnection cost estimation methodsdrive down interconnection charges;

• Network related costs form cost based interconnection charges;
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• Interconnect traffic throughput in minutes is attributed to the interconnection cost estimation

methods.

1.5. Research Methodology and Case Study in Tanzania

The research used the top-down cost modeling and forward looking Long Run Incremental costing

(LRIC) methodologies to estimate the interconnection costs. The top-down cost modeling methodology

referred to the use of the company's actual cost data for determining the interconnection costs. The

LRIC methodology referred to the use of the directly attributable network related costs. The network

related costs include the following:

• Network related Capital Expenditure (CAPEX);

• Network related Operating Expenditure (OPEX);

• Weighted Average Cost of Capital (WACC).

These expenditures were sourced from annual audited accounts for 2007-2009 from four competitive

GSM mobile network operators (Vodacom, Zain, TIGO and Zantel) and one fixed telecommunications

network operator called the Tanzania Telecommunications Company Limited (TTCL) and presented in

Chapter 6.

The annual audited accounts were collected from the Tanzania Communications Regulatory Authority

(TCRA).

The forward looking refers to the use of current costs of the modem efficient available technology. In

Tanzania, the Second Generation (2G) Global System for Mobile (GSM) communications technologies

operating at the 900MHz and 1800MHz for voice traffic is still the modem efficient mobile technology

in the country and its current costs are taken as part of the forward looking costs.

The interconnect traffic throughput in minutes for the five competitive telecommunications network

operators for 2007-2009 were calculated by dividing the interconnection revenue sourced from the

operators' audited accounts by the interconnection charges per minute set by the regulator of the

corresponding year and presented in Chapter6. The costs per minute interconnect traffic throughput

known as unit interconnection costs for the same competitive telecommunications network operators of

the same period (2007-2009) were estimated and presented in Chapter6. The unit interconnection costs

for 2007-2009 were then compared by the interconnection charges per minute set by the Regulator for
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the same period and found that they were far below the interconnection charges per minute set by the

Regulator.

Subscriber data, which is the main driver for the traffic throughput was collected from the Regulator

TCRA. The number of mobile subscriptions increased rapidly from 110,518 in 2000 to 17,469,486 in

December 2009(see Fig.37). The fixed line subscriptions increased gradually from 173,663 in 2000 to

172,922 in December 2009. [TCRA2011]. The growth of the mobile networks in terms of the number

of mobile phones was analyzed mathematically by using the Gompertz model. The analysis finds that

the growth of the mobile networks will overtake the population of Tanzania in January 2021 when the

number of the mobile phones is 55,840,060.

The analysis of the growth of the mobile phones also shows that the potential mobile market will be

reached at the mobile- density 112% in January 2035 when the number of mobile phones is

79,736,619. The analysis intends to inform policy makers, regulators, operators and other stakeholders

in Tanzania to prepare appropriate contingent network roll-out plan to match with the growth of the

mobile networks.

The mobile-density rose from 0.33% at a population of 33,463,388in 2000 to 40.01% at a population

43,476,204in December 2009(see Fig.3.8). The share of the mobile market in Tanzania; that is, the

number of mobile phones to total phones (fixed and mobile) was 99.2% in December 2010. This

means, the mobile phones in Tanzania have been becoming increasingly the dominant means for

accessing the communications.

The study reviewed the existing generic interconnection cost models developed by the British

Telecommunications Company Limited, and the Europe Economics' Consulting Firm. The review

identified the analysis of the framework, components and design details for the interconnection cost

models.

1.6. Delimitations of Scope and Key Assumptions

This research focuses on the interconnection cost estimation methods for only voice traffic throughput

which is routed through the Public Switched Telephone Networks (PSTN) using circuit switched

technology. The interconnection cost estimation methods for the data traffic throughput is outside the

scope of this research because it assumed that in the case of Tanzania the data traffic throughput is still

routed separately in a private Internet Protocol (IP) based packet switched network technology using

7



traffic delayed system when the circuits are busy. The research also assumed that the Third Generation

(3G)mobile technologies carrying both voice and data traffic throughput is still at the early deployment

phase; hence, the data traffic throughput is assumed negligible.

1.7. Conclusions

Foundations of the thesis have been set out by this Chapterby introducing schematically with detailed

explanations on an interconnection scenario, involving a voice call between a new entrant operator's

mobile network and incumbent fixed operator's network. The Chapter also introduced different types

of the interconnection models and charges used by the EU countries, which had some problems of

inaccuracy and subjectivity. These problems were addressed by the European Commissionby issuing

directives to the EU Member States to adopt the best practice benchmarked interconnection charges as

an interim solution pending for the cost study.

The aim ofthe research has been presented by adapting the chosen existing British telecom's cost

model to the Tanzania case study by specifying the objectives mentioned on page S.

The research questions have been set out by relating objectivity, reliability, transparency,

competitiveness, effectiveness and universality of the current interconnection charges. The research

hypotheses have been formed byguiding the research to achieve the objectives. The research limitations

have been presented by excluding the Internet and data related traffic. On these foundations, the

detailed descriptions of the research have been presented by the thesis.

1.8. Thesis Organization

The rest of the thesis is organized as follows:

• Chapter2presents in details architecture and topology of interconnection of operators'

telecommunications networks;

• Chapter 3 presents in details the Tanzania telecommunications development;

• Chapter 4 presents from international roaming to non-international roaming in Tanzania;

• Chapter5presents review of existing interconnection cost models in Europe;

• Chapter6 presents analysis of interconnection cost models using historical data in Tanzania;

• Chapter7presents the conclusions.
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Chapter 2.Design and Architecture of Interconnection of

Telecommunications Networks

This Chapter builds on the introduction given in Chapter 1. The aim of this Chapter is to present in

details design and architecture of interconnection telecommunications networks. These details form the

basis for the analysis of development of the interconnection of the telecommunications networks in

Tanzania during the post monopoly erain the next Chapter. The details are relevant for the estimation

of the interconnection costs, which include the following:

• Key definitions;

• Fixed and mobile interconnection components;

• Fixed and mobile interconnection services;

• Interconnection cost methodology,

• Interconnection of competing telecommunications networks,

• Defining call route types, and

• Defming route factors.

2.1. Key Definitions
This Section presents some key definitions related to networks and interconnection.

2.1.1. Network related definitions
The network related key definitions include the following:

• Conveyance (core) networks means the part of the telecommunications network, which transport

the traffic through the switching and transmission components.

• Access networks means the part of the telecommunications network, which connects the subscribers

to the local telephone exchanges of the conveyance networks.

• Fixed wireless access means the radio signals in the access networks used to access the local

telephone exchanges for communications with the subscribers [IEC02004,Dias2004].

• Wire line means the local loop in the access networks such as pairs of copper wires used to access

the local telephone exchanges for communications with the subscribers.
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• Call route factors means a measure of intensity or utilization factors of the network components of

the core network by calls of different types.

2.1.2. Interconnection related definitions
The interconnection related definitions include the following:

• Interconnection means as defined by the ITV as a set of physical and logical linkage between the

two telecommunications networks as indicated in Fig.2.t [ITEV2003]. This linkage facilitates

customers of one network operator to communicate seamlessly with the customers of another

network operator and use the products and services of the other network operator

[ITEV2003,Mpap2006,TCRA2005,Sama2008]. The physical and logical linkage refers to the

transmission and switching networks respectively. The operator pays the interconnection charges

for the use of the products and services of the other network operator.

• Point of Interconnection(Pol)means a location where the competing switched telecommunications

networks link together to provide seamless communications of subscribers connected to different

operators' telecommunications networks.

• Local level interconnection means the interconnection with the point of interconnection (Pol)

between the two switched telecommunications networks being located at the local telephone

exchanges with the call origination and termination remain in the same local switching area The

services utilize resources of the remote concentrator units, the remote concentrator unit to local

telephone exchange transmission links and the local telephone exchanges.

• Single tandem interconnection means the interconnection with the Pol between the two-switched

telecommunications networks being located at the tandem telephone exchanges with the call

origination and termination remains in the same tandem switching area. The services utilise the

tandem telephone exchanges and the local telephone exchange to the tandem telephone exchange

transmission links besides the resources of the local level interconnectionservices. This is what has

been used in Tanzania.
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• Double tandem interconnection means the interconnection with the Pol between the two-switched

telecommunications networks being located at the tandem telephone exchanges with the call

origination and termination in different tandem switching areas. The services utilise extra tandem

telephone exchanges and tandem-to-tandem telephone exchange transmission links beside the

resources of the single tandem interconnection

2.2. Fixed and Mobile Interconnection Components
This Section presents the components associated with the fixed and mobile interconnection models.

2.2.1. Fixed Interconnection Components

In keeping with the international standards, the fixed interconnection components assumes a relatively

modem equivalent flat and fixed switching network of two level hierarchy of standalone digital local

and tandem exchanges complemented by the remote switching units (see Fig.2.1).

The fixed interconnection also assumes the Pol is located only to the conveyance networks in the case

of Tanzania (see Fig.2.2). Based on the location of the points of interconnection, three different

categories of fixed interconnections are formed: local level, single tandem and double tandem as

defined in sub-section 2.1.2.

LE LE
Local
Exchange

Local
Exchange

'\ TE
Tandem
Exchange

TE

~Tandem
~Exchange

Local
Exchange

Local
Exchange

Rings

Local
Exchange Local

Exchange

Remote
Switching
Units (RSUs) o Remote

Switching
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Rings
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Town B

Figure 2.1.The modern equivalent fixed switching network hierarchy [EUEC2002]
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T bl 21 Aa e . . n example 0 ne or componen S associate Wit t e Ixe mterconnect
No. Network Definition

component
1 Remote An end of office switch with at most 1,000 subscribers

Switching Units in the case of Tanzania and has no transit capability
(RSU)

2 Local Exchange A stand alone switch with at least 1,000 subscribers
(LE) and has no transit capability

3 Tandem A stand alone switch without subscribers, but it has a
Exchang_e (TE) transit capability.

4 RSU -LE Transmission links between Remote Switching Unit
transmission (RSU) and Local Exchange (LE)

5 LE-TE Transmission links between the Local Exchange (LE)
transmission and Tandem Exchange (TE)

6 TE-TE Transmission links between Tandem Exchanges (TEs)
transmission or inter-Tandem Exchange transmission links

f tw k t d lth the fi d i ion

POINoJ
Double tandem
interconnection

POINo. 2
Single tandem
intercoIlimion

POI No.1
LocaIIeve1

interaMlnedion

Tandem Exchange (TE) Tandem Exchange (lE)
TE-TE~ -p -J ~ -J

LE-TE Transmission

Local Exdtange (lE)

RSU-lE Transmission

Remote SWitt:biIc Unit
(RSU)

Figure 2.2. Locations of points of interconnection in the conveyance network [Thom2003]

12



2.2.2. Mobile Interconnection Components

The mobile interconnection model assumes the GSM network architecture of a single tier of standalone

Mobile Switching Centre (MSC) connected by Base Station Sub-systems(BSS) (seeFig.2.3) and all

abbreviations of the network components of the GSM mobile interconnection are defined in Table 2.2.

The mobile interconnection assumes the Pol is located to the MSC and forms a single mobile

interconnection (termination) in the case of Tanzania [TCRA2005]. The components of the mobile

interconnection include:

• MSC+GMSC+BSC+BTS+ (BTS-BSC) + (BSC-MSC) + (MSC-MSC) + (GMSC-MSC) +

common network components (HLR+VLR+EIR+AuC+NMC).

Figure 2.3. The GSM network architecture [GSMA2009]
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Table 2.2. Definition of terms associated with the mobile interconnection model
Network components Definition
Base Station This subsystem consists of Base Transceiver Station (BTS) and
Subsystem (BSS) Base Station Controller (BSC)
BSC-MSC Transmission from Base Station Controller to Mobile
transmission Switching Centre
• MSC • Mobile Switching Centre (MSC),
• GMSC • Gateway Mobile Switching Centre

• MSC-MSC • Transmission links between Mobile Switching Centre
transmission • Transmission link between the Mobile Switching Centre

• MSC-GMSC (MSC) and Gateway Mobile Switching Centre (GMSC)
transmission

BTS-BSC Transmission links between Base Transceiver Station and Base
transmission Station Controller
Voice Mail System A system handles voice mail traffic
(VMS)
Value added and non- Short Message System Controller (SMSC): packet switched
voice networks network and associated networks
Common network Home Location Register (HLR), Visitor Location Register
components (VLR) Equipment Identification Register (EIR) and

Authentication Centre (AuC) and Network Management Centre
(NMC).

PSTN Public Switched Telephone Networks
In Tanzama, Short Message Services (SMS) fall under Sender Keeps All (SKA) charge arrangement.

Therefore, the SMS services are excluded from the interconnection framework [TCRA2005], and the

associated non-voice network such as (Short Message Service Controller (SMSC is not part of the

interconnection cost component. The [TCRA2005] excludes the voice mail traffic, and the associated

Voice Mail System (VMS) is also not part of the interconnection cost component.

2.3. Different Types of Interconnection Models
Basically, there are two types of interconnection models: fixed and mobile. Services provided by each

model are detailed below.

2.3.1. Fixed Interconnection Models
The services provided by the fixed interconnection model are listed in Table 2.3. In the case of

Tanzania, the voice call services of domestic inbound calling from other fixed networks to fixed

networks (fixed termination), do not exist, because Tanzania has still a single fixed telecommunications

network operator. The domestic inbound voice calling service from mobile networks to fixed networks

(fixed termination) is the only service that offers the interconnect traffic throughput.The costs incurred

to build capacity to terminate this traffic throughput are called fixed interconnection costs and are

presented in Chapter 6.
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Table 2.3.An example of services _p_rovided by the fixed interconnection model _iown work
Services Retail Wholesale

Domestic Pay phone calling, national operator • Inbound calling from other
assisted calling, national calls (fixed mobile networks to fixed
to own fixed i.e. "on-net" calling), network (fixed
local calls (fixed to own fixed i.e. termination).
"on-net" calling), fixed to own • Inbound calling from other
mobile (on-net) calling, fixed to fixed networks to fixed
other mobile (off-net) calling, network (also fixed
voicemail calling, emergency calling, termination).
dial-up Internet. • Fixed transit calling.

International Outgoing payphone calling, Inbound calling from overseas
International Subscriber Dialing countries, inbound transit
(ISD) outgoing calling, outbound calling to other mobile
operator assisted calling. networks in the country,

inbound transit calling from
other mobile networks in the
country.

).

2.3.2. Mobile Interconnection Models
The services provided by the mobile interconnection models are listed in Table 2.4.

T bl 24 A f lli 'd db th bll . t tl odeI.a e .. n exam~ e 0 vmee ca n2 services provr e ,y e mo I e ID erconnec Ion m
Services Retail Wholesale

Domestic Voicemail, Short Message • Inbound calling from other fixed
Systems (SMS), Multimedia networks to mobile network
Message Systems (MMS), (mobile terminations).
mobile data, mobile to own • Inbound calling from other
mobile (on-net) calling, mobile to mobile networks to mobile
other mobile (off-net) calling, network (mobile terminations).
mobile to fixed (off-net) calling. • Inbound roaming callin_g.

International Outbound international calling. Inbound roaming calling.

The following voice calling services offer the mobile interconnect traffic throughput:

• Domestic inbound voice calling from fixed to mobile networks (mobile terminations);

• Domestic inbound voice calling from other mobile networks to mobile networks (also mobile

terminations ).

The costs incurred to build capacity to terminate this interconnect traffic throughput are called mobile

interconnection costs and are presented in Chapter 6.
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2.4. Interconnection Costing Methods

This Section presents methods that are used commonly for estimating interconnection costs:

• Marginal Costs;

• Stand Alone Costs (SAC);

• Fully Distributed Costs (FDC) or Fully Allocated Costs (FAC);

• ForwardLooking-Long Run Incremental Costs (FL-LRIC).

Tanzania Communications (Interconnection) Regulations, 2005 specified for the use of the FI-LRIC

methodology for estimating the interconnection costs. The FL-LRIC methodology promotes effective

competition and economic efficiency.

2.4.1. Marginal Costs

This methodology measures the costs of a service provided by the operator in a perfect competition and

reflects only the utilization of an existing network [ITEU2010a]. Therefore, the marginal Costs include

only the variable cost component of the direct and attributable cost category (see the shaded part of

Fig.2.4) [ITEU2010a].

It is caused by the provisioning of one additional unit of service and be used to remedy a competition

problem for a short term. Practically, it cannot be used for price determination. With the marginal costs,

only variable costs get allocated to a single service to be measured.

2.4.2. Stand Alone Costs (SAC)

This methodology measures the costs of providing a service by the operator in isolation from other

services of the company [ITEU2010a]. Therefore, SAC includes variable and fixed cost components of

the direct and attributable cost category, joint and common costs (see the shaded part of Fig.2.5). The

SAC cost standard does not lead to economic efficiency. However, it provides useful information about

the highest costs National regulatory Authority (NRAs) might consider in the wholesale price

regulation, since the costs obtained by means of this standard define the upper limit (ceiling) of the

attributable costs. With SAC all joint and common costs get allocated to a single service to be

measured i.e. the assumption is that the regulated company produces a single service.

16



Fixed

BCD E
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Direct and
attributable
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A

Indirect
(joint cost)

Common costs

~ Shaded part represents marginal costs and unshaded part represents non- marginal costs

Figure 2.4. An example of Marginal Costs. Here A to E are various services.

2.4.3. Fully Distributed Costs
This methodology uses historical costs; of the existing networks. It allocates a portion of joint (shared)

and common costs to the interconnection in addition to the wholly allocation of the direct costs (see the

shaded part of Fig.2.6) [ITEU2010a]. With the FAC, all costs get allocated to all services. The

drawback is that the interconnection charges derived from the Fully Distributed Costs (FDC),

sometimes known as Fully Allocated Costs (FAC) methodology tends to reinforce inefficiencies.

Hence, this method is not recommended for the regulatory interconnection costing.

Fixed costs 8 8 8 8J
I I

Direct and
Attributable costs

Variable costs

Indirect costs
(Joint costs)

Common costs

~ Shaded part represents SAC costs and unshaded part represents non-SAC costs

Figure 2.5. Example of SAC costs. Here A to E are various services.
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]
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Shaded part represents FAC and unshaded part represents non-FAC costs

Figure 2.6. Example ofFDC or FAC. Here A to E are various services.

2.4.4. Forward-looking Long Run Incremental Costs (FL-LRIC)
This methodology uses the forward looking costs; that is, the current costs of the modem equivalent

technology. The method estimates the variable and fixed costs of the direct and attributable cost

category of the modem equivalent technology on present value annual costs incurred by an efficient

operator in providing the interconnection (see the shaded part of Fig. 2.7) [Cave2004].

With LRIC, only service specific variable and fixed costs get allocated to services. If joint and common

costs get allocated through mark-ups, LRIC starts to resemble FAC.

Generally, the LRIC methodology is recommended for regulatory interconnection costing. In many

jurisdictions around the world, set the interconnection charges based on the LRIC methodology

[Falc2004]. These jurisdictions include Tanzania, the United Kingdom, Denmark, Australia and the

United States of America. The interconnection charges based on the LRIe methodology reflect the
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levels of costs that would occur in a competitive and contestable market. Competitionensures that

operators achieve a normal profit and a normal return over the lifetime of the investment (i.e. the long

run). Contestability ensures that existing operators set their interconnection charges that reflect the cost

of supply in a market that can be entered by new entrants using modem technology. This method is

recommended for regulatory costing, and it is used in this research to estimate the unit and average

interconnection costs for each of the five competitive telecommunications network operators

(Vodacom, Zain, TIGO, Zantel and TTCL) for 2007-2009.

A B C D E

B B B BJ Direct and
Variable costs attributable

Fixed costs
costs

I I I
Indirect costs
(Joint costs)

Common costs

Shaded part represents LRIC costs and unshaded part represents non-LRIC costs

Figure 2.7. Example of LRIC. Here A to E are various services.

2.5. Interconnection BetweenCompeting Telecommunications Networks
This Section presents the interconnection used between the competing telecommunications networks in

Tanzania. This interconnection connects the competing telecommunications networks (facilities) such

that customers of one network can call seamlessly customers served by other networks and vice versa.

Fig.2.8 provides an illustrative example.

The interconnection between the non- competing telecommunications networks is not used in Tanzania

and in Africa. This interconnection connects the non-competing telecommunications networks such

that one network obtains inputs from another network in order to offer services to its customers (Fig.

2.9 provides an illustrative example).
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Figure 2.S. An example of interconnection between the competing telecommunications networks
[ITEU2010b).

Interconnection

Local access
operator

Q Long d~tance
~ service

Figure 2.9. An example of interconnection between non-competing telecommunications networks
[ITEU2010b).
For example, prior to 1996, local exchange carriers in the United States of America (USA) were

prohibited from offering long distance calls [FccoI996]. Long distance carriers such as AT&T, Sprint

and MCI obtained access from these local exchange carriers to offer long distance calls to customers on

the local exchange networks.

Payment for the interconnection between non-competing telecommunications networks is always done

from the interconnecting operator (in the example above, the long distance carrier) to the

interconnection provider (the local exchange carrier) [ITEU20 1Ob]. Therefore, the interconnection

between the competing telecommunications networks as introduced in Chapter 1 includes the

following:
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• Fixed-to- mobile interconnection (mobile interconnection);

• Mobile- to- fixed interconnection (fixed interconnection);

• Mobile-to- mobile interconnection (mobile interconnection);

• Fixed-to-fixed interconnection (fixed interconnection).

2.5.1. Fixed-to-Mobile Interconnection (Mobile Interconnection)
A mobile network terminates a call from a fixed network. The call might originate from a local fixed

network operator, a domestic long distance operator, or an international operator (Fig.2.10 provides the

illustrative example).

Called party

Figure 2.10.An example of fixed- to-mobile interconnection (mobile interconnection)

2.5.2. Mobile-to-Fixed Interconnection (Fixed Interconnection)
A mobile network operator interconnects with the fixed network in order to complete calls for the

mobile network operator's customers. (seeFig.2.11provides the illustrative example).

Figure 2.11. An example of mobile-to-fixed interconnection (fixed interconnection).
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2.5.3. Mobile-to-Mobile Interconnection (Mobile Interconnection)
A mobile network terminates a call from another mobile network (see Fig.2.12 provides the illustrative

example).

Calling party
Called party

Figure 2.12.An example of mobile- to-mobile interconnection (mobile interconnection).

2.5.4. Fixed-to-Fixed Interconnection (Fixed Interconnection)
A fixed network operator interconnects with another fixed network operator to complete the calls (see

Fig.2.13).

Catlin!
party

Called
party

Figure 2.13.An example of fixed-to fixed interconnection (fixed interconnection).

2.6. Call Route Types
This Section presents call route types for the fixed Public Switched Telecommunications Networks

(PSTN) and mobile communications network architectures and topologies. The call route type gives the

connection(route) in which the call is switched in the telecommunications networks. For the fixed

PSTN, the call route types were derived from the network architecture and topology shown in Figure

2.1. These call route types include the following [Wick1997,Brte2005]:

• Own local exchange,

• Adjacent local exchange,

• Single tandem exchange,

• Double tandem exchange.
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The call route types that terminate the incoming calls from other operators' telecommunications

networks can be referred to as interconnect based call route types. These call route types in the fixed

telecommunications network architecture and topology form the following levels of the fixed

interconnections:

• Local level interconnection,

• Single tandem interconnection,

• Double tandem interconnection.

• The definitions of these interconnection levels were provided in Section 2.1.

The mobile network has a simple network architecture and topology with a single tier (level) as shown

in Fig. 2.3. This network architecture and topology has one call type, one call route type and one

interconnection level. A single call route type for the mobile network is also presented based on the

architecture and topology shown in Fig. 2.3.

Although the research is about interconnection between telecommunications networks of different

operators, the traffic throughput in minutes offered by the callconnections between different

telecommunications network exchanges within the same telecommunications network operator have an

impact on the interconnection costs. These traffic throughput in minutes are presented and analyzed in

Chapter 6.

2.6.1. The PSTN Own Local Exchange Call Route Type
This call route type connects the Call origination and Call termination on the same local exchange

[Brte2005]. A local exchange is the exchange that owns subscribers. Normally, a call has source

(calling subscriber) and destination (called subscriber) (see Fig.2.14).

A Call Origination refers to a source of the call, and a Call Termination refers to a destination of the

call. In the own local exchange call route type, the source and destination of the call reside on the same

local exchange. Therefore, the local exchange routes the call originated from the calling subscriber and

terminates the call to the called subscriber connected on the same local exchange. The call route also

uses the termination side of the local exchange to connect the national calls, international calls, and

other calls from different networks and operators. This termination side of the local exchange serves as

a local level interconnection for the incoming calls from other operators.
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Figure 2.14. The PSTN own local exchanges call route type [Brte2005].

The Call Origination side consists of components of half of the local exchange, local exchange to

Remote Switching Unit (RSU) transmission link and RSUs. The remote-local exchange components of

the Call Origination are referred to as a retail stick or retail leg, which forms a portion of the retail

tariff. Similarly, the components of the Call Termination form another portion of the retail stick. The

Call Origination basket and Call Termination basket are referred to a set of tariff entries of different

types of calls [Trab2008].

2.6.2. The PSTN Adjacent Local Exchange Call Route Type
This type of the call route uses the origination and termination sides to connect the calls originating at

one local exchange and terminating at another adjacent local exchange within the same local area (see

Fig. 2.15) [Brte2005]. Here adjacent local exchanges are always connected directly without passing

through tandem exchange. A tandem exchange is the exchange, which does not own subscribers; it

only transits traffic. In some cases, the adjacent local exchanges are connected via the tandem exchange

and form a local-tandemretail stick. A local-tandem retail stick is a portion that contributes to the retail

tariff of the local call.
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Figure 2.t5.Adjacent local exchanges caU route type [Brte2005].

2.6.3 The PSTN single tandem exchange call route type
This call route type uses the origination and termination sides to connect the national calls involving a

single tandem exchange (see Fig.2.16) [Brte2005]. This call route type consists of the components of

the tandem exchange; tandem-local exchange transmission link, local exchange and RSUs. The

components of the tandem and tandem-local exchange transmission link contribute to the Tandem layer

Basket, which are the tariff entries for the local to tandem conveyance [Trab2008]. The call route also

uses the termination side to connect the national calls, international calls, and other calls from different

networks and operators and provides single tandem interconnection.
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Figure 2.t6. The single tandem exchange call route type [Brte2005].
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2.6.4. The PSTN Double Tandem Exchange Call Route Type
This call route type uses the origination and termination sides to connect the national calls involving

two tandem exchanges (see Fig.2.17) [Brte2005]. The call route type consists of the Inter-Tandem

Conveyance, which has an extra tandem exchange and tandem to tandem transmission link beside the

components of the single tandem exchange route type. The components of the inter-tandem conveyance

contribute the Safeguard Cap, which is the maximum limit of the retail tariff entries [Trab2008]. The

call route type also uses the termination side to connect the national calls, international calls, and other

calls from different networks and operators, and it provides the double tandem interconnection.

2.6.5. The Mobile Own MSC Call Route Type
In contrast, the mobile telephone network has only one call route type i.e. own mobile switching center

route type (see Fig.2.IS), which connects the originating and terminating calls on the same MSC. The

call route type also uses the termination side to connect the international calls and other calls from

different operators' networks.

2.7. Call Route Factors
Call route factors are important factors for the interconnection cost models. These factors indicate the

average usage (weighted) of a network component by a specific service. The

matrix of the average usage of different network components by different services in the conveyance

network is called a routing table. The call route factor of the network component in the core network

can be derived from the factored component volume[Brte2005].

RSU I I
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Figure 2.17.Double tandem excbange caU route type [Brte2005].
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Figure 2.18. Own MSC call route type [Gill2003].
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The factored component volume is the volume of traffic carried or conveyed by a particular network

component in the core network by a call type [Brte2005]. The ratio of the factored component volume

to the total volume of the traffic of the same call type carried in the core network gives the component

utilization factor.

The total volume of the traffic carried by the component by all call types in the core network gives the

total factored component volume. The ratio of the total factored component volume to the total volume

of traffic carried in the core network by all call types gives the total component utilization factorknown

as thecall route factor. Therefore, this Section presents the call route factors of different components in

the fixed and mobile interconnection cost model.

Table 2.S provides the call route factors of different components in the fixed interconnection cost

model. Table 2.6 also provides the call route factors of different components for the mobile

interconnection cost model for the 2-G mobile networks (abbreviations used in Table 2.6. are defmed

previously in Table 2.2).
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T bl 25 A fa e .. n example 0 routing actors or fixed interconnection cost model [ITUD2010
Network component Local level Single tandem Double tandem

interconnection interconnection interconnection
Remote Switching Units 0.9 0.9 0.9
(RSU) with subscribers
Local Exchange (LE) with I 1 1
subscribers
Tandem Exchange (TE) 0 1 2
without subscribers, but has
transit capability
RSU-LE transmission link 0.9 0.9 0.9

Table 2.6.An example of route factors for different components in the mobile interconnection
cost model for the 2-G mobile networks [ITUD2010].
Voice BTS BTS BSC BSC MS MSC- GMS NM HL IN
Service - - C GMS C S R
s BSC MS C

C
On-net 2 2 2 2 1.66 0.27 0.27 1 1 1
calls
Off-net 1 1 1 1 1 1 1 0 0.9
mcorm
ng calls
Off-net 1 1 1 1 1 1 1 1 1 0.1
outgoin
g calls

2.8. Conclusions

In this Chapter, fixed and mobile telecommunications network design and architecturehave

beenanalysed by presenting in details , different types of the interconnection models,levels of the

switching network hierarchy, call route types and factors, points of interconnection, network

components and services, key terminologies related to the telecommunications networks and

interconnection. The Chapter also analyseddifferent types of interconnection cost methodologies

(marginal costs, stand alonecosts, fully allocated costs and forward looking- Long Run Incremental

Costs (LRIC») by using cost structure, categories and components. The LRIC methodology has been

recommended for regulatory costing and was used to analyze the costs for fixed and mobile

interconnection models in Chapter 6.

Based on the analysis of the telecommunications network design and architecture the next Chapter

presents in details the telecommunications development in Tanzania by analyzing background, history,

deployments and operations of the telecommunications networks during the monopoly and post-

monopoly era.
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Chapter 3.Analysis of the Telecommunications Developments in
Tanzania

The United Republic of Tanzania is located in the Eastern Africa between longitude 290 and 410 East

and Latitude 10 and 120 South (see Fig.3.l). The United Republic of Tanzania is made up ofa union of

two formerly independent countries: Tanganyika (on the mainland) and the islands of Zanzibar and

Pemba in the Indian Ocean [URTAI999]. This union was formed on 26th April, 1964. The aim of this

chapter is to present the telecommunications development in Tanzania during the monopoly era where

there was no interconnection of telecommunications networks and post monopoly era where there is the

interconnection of the telecommunications networks.

A Nzega.

10'
ta .t> ZambiA
Bn~WClllu
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~i997MAGELLANGeograpJ1~
{OO5}685·3100 www maps.com $4~

Figure 3.1. The map of Tanzania [URT A2005].
Tanzania is the biggest of the East Africa countries (i.e. Kenya, Uganda and Tanzania). The size of the

country is 945,087 square kilometers. Tanzania mainland(formerly Tanganyika) has an area of at most

942,000 square kilometers of which about 20,000 square kilometers are covered by lakes
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[URTA2005].The islands ofZanzibar and Pemba have a combined area of 2,500 square kilometers.

Almost one third of the country area is reserved as national parks: the Serengeti and Ngorongoro crater

in Arusha Region are most famous national parks. The highest mountain in Africa is Mount

Kilimanjaro (with snow) in Tanzania, and its height is 5895 meters above the sea level. The country

has a spectacular landscape of mainly three physiographic regions; namely the Islands and the coastal

plains to the east; the inland saucer-shaped plateau, and the highlands. The Great Rift Valley that runs

from north east of Africa through central Tanzania is another landmark that adds to the scenic view of

the country. It is important to know the size and terrain of the country for the telecommunications

network planning and designs.

The Tanzania population has grown from 12,313,469 persons in the first post-independence census in

1967 to 34,569,232 persons counted in the census held in August 2002. Over the period from 1967 to

2002 the population of Tanzania has almost tripled. The rate of population growth during the last ten

years has been around 1.95%. According to the 2002 Census (34,564,230 persons), the male to female

distribution was 49%:51%, urban to rural distribution was 23.1%:79.9% and almost 80% of the

population live in rural areas. The population density, in Tanzania varies considerably from region to

region. People are particularly concentrated in Dar es Salaam Region (1793 persons per square

kilometer) and Urban West (1700 persons per square kilometer). The other four Regions of Zanzibar

and Mwanza are also relatively densely populated. The population growth is important for the research

because it increases subscriber penetration rate as well as traffic and drives down the interconnection

costs.

As by now 2009, Tanzania's economic prospects depended significantly on the development of

agriculture, mining resources mainly gold and diamonds and tourism [URTA1998]. The Growth

Domestic Product (GOP) of the country is about USD 14,000.00 million with GOP per capital of about

usn 400.00 at inflation rate of 7.2% [URTA2005]. Tanzania is one of a few African countries with a

stable and peaceful socio-political environment. The political landscape in Tanzania changed

dramatically in 1992 with the introduction of multiparty democracy. By the time the first election under

multipart was held in 1995, thirteen (13) political parties were registered. Indeed the 1995, 2000 and

now 2005 parliaments began with 43 (18.5%) in 1995 opposition members of parliament. The

subsequent elections reduced the number to 35 in 2005. The political stability attracted foreign

investment in the telecommunications sector development in the country.
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3.1. Background and History of the Telecommunications Development in Tanzania

Tanganyika (the mainland part of Tanzania) was a German colony for 30 years up to 1918, the end of

the First World War. From 1918 to 1961 Tanganyika was ruled by the Great Britain as a Trustee

Territory of the League of Nations (1918-1945) and of the United Nations (1945-1961). Tanganyika

obtained her independence from the Great Britain in 1961 and became a republic in 1962. Zanzibar

obtained her independence from the Great Britain in 1963. The background and history of the

telecommunications development in Tanzania could be explained in three time periods: the German

colonial rule, the Great Britain colonial rule, and post colonial rule and monopoly situation. The history

of the telecommunications development in the country is important to know the growth of the

telecommunications networks.

3.1.1. Telecommunications Development DuringThe German Colonial Rule (1888-1918)
Before the Germans came into the country, slave trades and missionaries established routes and centers

to conduct their businesses. These routes and centers were used by the Germans to provide and

construct the Postal and Telecommunications networks under the Tanganyika Posts and Telegraph

Administration. Thus, the spread of the postal and telegraph facilities during the German colonial rule

followed the pattern of the slave trade and missionary routes and centers [TTCL2009].

3.1.2. Telecommunications Development DuringThe Great Britain Colonial Rule (1918-1961)
In 1933, the Great Britain colony amalgamated the previous independent Postal, Telegraph, and

Telephone facilities in the then Tanganyika, Kenya and Uganda resulting into the formation of a

company known as the East African Posts and Telegraph Company, which became a self contained

service with its own capital account and operated under the East African High Commission

[EAC02009]. In 1951, the Great Britain colony enacted the East African Posts and

Telecommunications Act, which provided a legal instrument covering all Postal and

Telecommunications services and formed the East African Posts and Telecommunications

Administration.

In 1961, when Tanganyika became independent, the East African High Commission gave way to a new

organisation, the East African Common Services Organization (EACSO). The Head of the Posts and

Telecommunications under the EACSO was designated Postmaster General, abbreviated as PMG.

3.1.3. Telecommunications Development during ThePost ColonialRule and Monopoly Situation
(1961-1993)

On 1st December, 1967 the three East African countries, namely Kenya, Tanzania and Uganda

established the East African Community (EAC), and its headquarters were in Arusha in Tanzania
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[EAC02009]. The EAC came officially into operation from l st January, 1968. The EAC replaced the

then EACSO and brought certain changes in the operation of Posts & Telecommunications

Administration. The name of the Administration was changed to "Corporation". Therefore, the EAC

operated the postal and telecommunications services on commercial basis under a single corporation

for the three East African countries called the East African Posts and Telecommunications Corporation

(EAP&TC). The headquarters of EAP&TC was in Kampala in Uganda. The EAP&TC was providing

only domestic telecommunications services in the region. A different company called External

Telecommunications Company provided international telecommunications services.

The EAC lasted for a period of 10 years (1967-1977). The EAP&TC ceased its operations when the

EAC collapsed in 1977. However, each member state of the defunct community established

immediately the Posts and Telecommunications organization after the collapse of the EAC.In 1978,

Tanzania established the Tanzania Posts and Telecommunications Corporation (TP&TC) and operated

monopoly the postal and telecommunications services in the country until 1993 when it was split up

into three entities. These entities included: the Tanzania Telecommunications Company Limited

(TICL), the Tanzania Postal Corporation (TPC),andThe Tanzania Communications Commission

(TCC). The split of the TP&TC was part of the government's reform to liberalize the

telecommunications sector and bring it to competition as presented in details in the macro-economic

reform in Section 3.2.

On 7th July, 2000, Kenya, Tanzania and Uganda revived officially the EAC. This time, the EAC

included two new additional member countries, Burundi and Rwanda making a total of five countries.

However, each member state still operates her own Posts and Telecommunications organizations. We

learned from the history that during that time, there was no need for the interconnection of the

telecommunications network because of the monopoly situation.

3.2. Macro-economic Reforms

Tanzania has been undergoing social economic and political reforms for the past 20 years, which have

re-oriented the economy from a government-led to a private-sector-Ied one. Tanzania has made

significant progression in the formulation, implementation and performances of social economic

policies intending to empower Tanzanian in managing own social economic activities, [Semb2000].

The reforms and changes in policies have resulted in the privatization of formal public sectors and

liberalization of various sectors for competition including the telecommunications. The liberalization

and competition in the telecommunications sub-sector brought the interconnection of networks, and its

32



architecture and topology was presented in Chapter2. The first and second generation macro reforms

were pursued since early 1980s and are explained in details below.

3.2.1. First Generation Macro-economic Reform
In mid 1980s, Tanzania introduced a social economic and political reforms to restore macro economic

balance, stimulate econmic growth and facilitate social and political development

[Semb2000,URTA2005].These reforms brought a paradigm shift of the economy from a public and

government led to amarket oriented environmentand private sector led one. Experience with the first

generation reforms in 1986-1996 indicated that individual initiative and market-oriented economic

systems made higher growth rates than centrally planned economic systems [Tesk1990,Worl2000].

In 1986, Tanzania launched the Economic Recovery Programme (ERP), one of the main programmes

of the first generation macro-reform [Semb2000]. Under the ERP, the Government formed the

Integrated Road Programme (IRP) and Telecommunications Restructuring Programme (TRP). The IRP

rehabilitated and expanded the road networks in the country.

The TRP contained two components: the Investment Part and the Institutional Development. The

Investment Part rehabilitated and expanded the telecommunications networks as follows

[TICL2009]:Manually operated and electromechanical analogy switching systems were phased out

and replaced by digital switching systems; Analogy transmission systems were also phased out and

replaced by digital transmission systems.

The Institutional Development embarked on capacity building of the telecommunications sector. In

1993, the Institutional Development embarked on the splitting up of the former state owned monopoly

Tanzania Posts and Telecommunications Corporation (TP&TC) [Semb2000]. In this context, the

TP&TC was split into three separate entities:

• The Tanzania Telecommunications Company Limited (TICL). This entity is responsible for

operating the telecommunication services;

• The Tanzania Postal Corporation (TPC). This entity is responsible for operating the postal

services;

• The Tanzania Communications Commission (TCC). This entity was responsible for regulating

the postal and telecommunications services.

In 2003, TCC merged with the Tanzania Broadcasting Corporation (TBC) and formed the Tanzania

Communications Regulatory Authority (TCRA). TCRA is responsible for regulating the posts,

telecommunications and broadcasting services.
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3.2.2. Second Generation Macro-economic Reforms
The second generation macro economic reform occurred between 1996 and 2006, when Tanzania, like

other Sub-Saharan African economies was facing huge debt problems making poverty an important

policy issue. These reforms embarked on formulation and implementation of a series of broad based

national development policies related to poverty reduction and sector specific and macro-economic

policies [URTA2005]. The following broad-based national development policies are related directly to

poverty reduction: National Poverty Eradication Strategy [URTA 1998] and National Development

Vision 2025 [URTAI999]. These policies are not the focus of this research. The most relevant sector

specific national development policies related directly to the telecommunications sector include the The

National Telecommunication Policy of 1997 and The National Information and Communications

Technologies Policy of 2003.

These policies are important for the research because they liberalized the telecommunications markets

and brought them up to competition. The competition brought/started the interconnection of the

telecommunications networks. The policies can be explained in details:

3.3. Policy Framework

Currently, Tanzania uses two sector specific national development policies for governing the

telecommunications sector; namely, the National Telecommunications Policy of 1997 and the National

Information and Communications Technologies Policy of 2003. These policies played a very important

role in the liberalization of the telecommunications sector and opening it up to the competition

[Semb2005].

3.3.1. National Telecommunications Policy
In 1997, the government launched the National Telecommunications Policy (NTP 1997), which set up

the vision, objectives and target for the telecommunications sector in Tanzania [MOCT1997]. The

vision of the NTP 1997 for the sector is for the "accelerated development of an efficient

telecommunications network that can provide a national info-communication infrastructure and access

to present day telecommunication technologies by all sectors of the economy and all segments of the

population, including universal access".

The overall policy objective is to ensure that telecommunication services are provided in a liberalized

and competitive manner. Specific objectives include the following [MOCT1997]:

• To provide modern, efficient and reliable telecommunications networks that can meet

requirements of the present info-communication infrastructure;
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• To ensure provision of adequate, sustainable, efficient and affordable telecommunication

services in all sectors of the economy.

The overall target for the sector was to achieve a fixed tele-density of 6 telephones per 100 inhabitants

by 2020. In 1997, the fixed tele-density was estimated as 0.32 telephones per 100 inhabitants.

The NTP 1997 provided for liberalization and deregulation of the telecommunications markets only in

the value added services such as mobile telephones, data communications, radio paging, the Intemet,

and customer premises equipment. The value added services were opened fully to competition. The

NTP97 left the basic telecommunications and leased line services (fixed telephones) monopoly to the

Tanzania Telecommunications Company Limited (TTCL). Thus, in Tanzania, the TTCL is the

incumbent fixed telecommunications network operator.The NTP 1997 also provided for partial

privatization of the TICL with possibility of certain exclusivity period on basic telecommunications

and leased line services. It further provided for the establishment of the Rural Telecommunications

Development Funds (RTDF) in order to promote universal access provision in the rural areas.

3.3.2. National Information and Communications Technology Policy
In 2003, the Government launched the National Information and Communications Technologies Policy

(ICT 2003) with its vision for the "accelerated development of the Tanzanian telecommunications

infrastructure and enhancement of the sustainable socio-economic development and accelerated

poverty reduction both nationally and globally" [MOCT2003]. The overall mission of this ICT 2003 is

"to enhance nation-wide economic growth and social progress by encouraging beneficial leT activities

in all sectors through providing a conducive framework for investments in capacity building and in

promoting multi-layered co-operation and knowledge sharing locally as well as globally".

The leT 2003's broad objectives include the following [MOCT2003]:

• To provide a national framework that will enable leT to contribute towards achieving national

development goals;

• To transform Tanzania into a knowledge-based society through the application of K'T;

• To provide a national framework that accommodates the convergence of information,

communications and technology including media.

The leT 2003 articulates ten main areas of focus in harnessing leT towards development. These areas

are strategic ICT leaderships, ICT infrastructure, ICT industry, human capital, legal and regulatory

framework, productive sectors and service sectors. Others are public services, local content and

universal access.
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3.3.3. Privatization of the Tanzania Telecommunications Company Limited
On 23rd February, 2001, the Government privatized partially the TTCL, by selling its 35% of shares to

strategic investors called the Mobile System International (MSI) of the Netherlands and Detecon

Consulting of German) [PSRC1998,Hagg2000]. As an incentive to the investor, the sale was

guaranteed with an Exclusivity Period of 4 years on basic telecommunications and leased line services

from 23rd February, 2001 to 22nd February, 2005. In addition, they were given the Board and

Management control.

Following the partial privatisation, the former Tanzania Communications Commission issued to TICL

five operating licences: fixed telecommunications services, mobile communications services, data

communications services, the Internet service provision, and radio paging. The licences for the fixed

telecommunications services, data communications services, and radio paging were operated directly

by the TICL. TICL formed two subsidiary companies of Celtel Tanzania Limited and SimuNet to

operate the mobile and the Internet service provision licences respectively. In 2007, Celtel Tanzania

was then sold to lain Company.

On February 23rd, 2005, the Government liberalized fully the telecommunications markets and opened

them up to competition following the expiry of the Exclusivity Period of TCCL on fixed

telecommunications and leased line services on 22nd February, 2005 [TCRA2009,TTCL2009]. This

Exclusivity did not improve the financial, commercial and technical performance of the TTCL.

In February 2007, the Government ceased the Board and Management control of TTCL, by the

strategic investors and awarded the Canadian firm SaskTel a three-year contract to manage TTCL. On

lst July, 2007, SaskTel started its operations to manage TICL. In this contract, SaskTel was

responsible for managing all aspects of the TTCL, operations, maintenance and expansion of the

company in order to improve its financial, commercial and technical performance. The financial,

commercial and technical performance of TICL, could not improve probably because of stiff

competition that TICL was facing with the mobile network operators. The two policies ceased the

telecommunications monopoly era and brought up effective competition in the telecommunications

sector.

3.4. Legal and Regulatory Framework

Currently in Tanzania, the Tanzania Communications Regulatory Authority Act No.12 of 2003

(TCRA, Act 12/2003) and the Electronic and Postal Communications Act No. 30f 2010 (EPOCA Act

3/2010 define the legal and regulatory framework for regulating the postal, telecommunications and

broadcasting services as detailed below.
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3.4.1. Legal Framework
From 1994 to 2003, the communications sector was regulated by the former Tanzania Communications

Commission (TCC) under the Tanzania Communications Act no. 18 of 1993 (TCC Act no. 18/1993)

[TCC01993]. In 2003, the government merged two independent separate regulatory bodies the TCC

and the Tanzania Broadcasting Commission (TBC) and formed the Tanzania Communications

Regulatory Authority (TCRA) under the Tanzania Communications Regulatory Authority Act no. 12 of

2003 (TCRA Act 12/2003) [TCRA2003]. TCRA is responsible for regulation of postal,

telecommunications and broadcasting sectors.

In November 2006, a Bill for an Act of Parliament to establish the Universal Communication service

Access Fund (UCAF) was passed by the Parliament [MOCT2006]. The Act enables accessibility and

participation of private sectors in communications sector to extend communication services to rural and

underserved areas so as to promote social, education and economic development. The Act puts in place

the legal framework for designated operators to meet the supply of communications and quality of

services in rural areas to the communities of Tanzania. The general objective of the Act is to provide

enabling environment for promoting the provision of communications in rural and under-served areas.

In January, 2010, the Tanzania Parliament passed the Electronic and Postal Communications Act No.3

of 2010 (EPOCA Act 3/2010). Beside the postal and electronic communications regulations, the

EPOCA deals with new developments in the communications sector including SIM card registration,

establishment of the Central Equipment Identification Register (CEIR), Computer Emergence

Response Team (CERT), Digital Broadcasting, Postcodes and oversight of the Country Code Top level

Domain (CCTLD).

3.4.2. The Regulatory Framework
In February 2005, after the expiry of the TTCL's Exclusivity Period on basic telecommunications and

leased line services, the regulatory framework changed by liberalizing fully the communications sector.

Following the full liberalization of the communications sector, Tanzania through the TCRA introduced

the new Converged Licensing Framework (CLF) [TCRA2005] with four licence categories:

• Network Facilities;

• Network Services;

• Application Services;

• Content Services.

Each category is available in four market segments; namely (see Table 3.1):
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• District;

• Regional;

• National;

• International.

Table 3.1.A Matrix of LicenceCategory and Market Segment in the CLF in Tanzania
TCRA2005j.

License District Regional National International
category market market market market segmentsegment segment segment
Network Network Network Network
Facility Facility Facility Facility Network Facility
License (NFL) Licence- Licence- Licence- Licence-

District Regional National International

Network Network
Network Service Network Service Network ServiceService Service

License (NSL) Licence- Licence- Licence- Licence-

District Regional National International

Application Application
Application Application ApplicationServices Service

License (ASL) Licence- Service Licence Service Licence- Service Licence-

District -Regional National International

Content Content
Content Service Content Service Content ServiceService Service

License (CSL) Licence- Licence- Licence- Licence-

District Regional National International

The four license categories are defined as follows [TCRA2005]:

• Network facilities. This licence category entitles the holder of the licence to construct, maintain,

own and make available one or more network facilities, which are "any element, or combination of

elements, of physical infrastructure used principally for, or in connection with, the provision of one

or more network services, but not including customer premise equipment".

• Network services. This licence category "entitles the holder of the licence to provide a service for

the carrying of information in the form of speech or other sound, data, text or images, by means of

guided or unguided electromagnetic energy but does not include services provided solely on the

customer side of the network boundary". The network boundary refers to as the Main Distribution

Frame (MDF), where it terminates the external line plant of the copper access network on the

customer side and core networks on the exchange side.
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• Application services. This licence category "entitles the holder of the licence to provide a service

provided by means of one or more network services but does not include such a service provided

solely on the customer side of the network boundary". The network boundary refers to as the Main

Distribution Frame (MDF), where it terminates the external line plant of the copper access network

on the customer side and core networks on the exchange side.

• Content services. This licence category "entitles the holder of the licence to provide Television and

radio broadcasting services".

Table 3.1 shows possibility of 16 possible combinations but in reality only 7 distinctive multiple

interconnections of the telecommunications networks exists what can be explained as follows:

1 licence category has 4 different market based licences and 4 licence categories have 16 different

market based licences, which formed 7 different types of multiple interconnections of the

telecommunications networks. The table is relevant for the research, because it gives different types of

multiple interconnections of the telecommunications networks of the CLF.

The CLF is technology and service neutral, and it enshrines effective competition m all market

segments. The CLF represented a fundamental shift away from the traditional licensing regime in

which the regulator grants licences to provide dedicated services over a given technological platform.

Under the CLF, the operators can now apply for different categories licences and market segments to

provide different facilities and services as shown in the matrix of the licence category and market

segment.

Table 3.2. Number otLicenseslssued as in December 2010 rTCRAlOll].

Market segment
Number of licenses issued

License category

lNetwork Facilities (NF)
nternational 5
lNational 10

lNetwork Services (NS)
nternational 5
National 9

iInternational 13
jApplication Services (AS) National 45

lRegional 4
lNational Television / Radio 4/5

~ontent Services (CS) jRegional Television / Radio 5/7
!District Television / Radio 27/35
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The current licensing framework and procedures issued a large number of licences, promoted

investment in the communications sector, and ensured that many more customers have access to

telecommunications services. However, it is clear that this framework using a sequential licensing

approach of the "first come, first served" has a big problem and cannot be sustained because of the

scarcity of radio frequency spectrum for future applicants. Table 3.3 presents the current demand and

supply of the radio frequency spectrum in Tanzania. It is also clear that the demand for the radio

frequencies in almost all competitive radio frequency bands exceeds the supply as the number of

operators requesting frequency assignments exceeds the available space. It is suggested that the current

sequential licensing framework should be reviewed by introducing spectrum auctioning in order to

meet the demand and supply for the radio frequency spectrum.

Table 3.3.Radio Frequency Spectrum Demand and supply in Tanzania (as in December 2010)
[TCRA2011].

Frequency Technology Number of Number of Number of
band in MHz frequency available requested

bandwidths frequency frequency
assigned to bandwidths bandwidths
applicants

450 eDMA 1 0 0
800 eDMA 4 0 0
900 GSM 4 0 3
1800 pes 5 1 2
1900 pes 2 1 3
2100 3GlUMTS/IMT -2000 1 1 4
2300 WiMAX 3 1 3
2500 WiMAX 4 2 6
3300 WiMAX 4 0 0
3500 WiMAX 13 0 2
4900 WiMAX I 2 0

Other problems of the current licensing framework in Tanzania are the following:

• It does not match with interest of the telecommunications network operators. Although there are

four licence categories most of the telecommunications network operators use everything. In

situation, the telecommunications network operators build their own networks and provide

services to wholesale and retail customers over them making it difficult to understand the

distinction between the owner of the Network Facility and Network Service Licence;

• The eLF has a number of contradictions in its operations such as many Internet Service

Providers (ISPs) with application licences hold spectrum, especially in the WiMAX band; thus,

requiring radio communications transmitters ( this require Network Facility Licence);
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• There is no clear distinction between content services and network services. This confusion will

be become more difficult when telecommunications network operators provide the Internet

Protocol Television (IPTV) services and interactive games and television companies provide

the Internet services.

In general the current licensing framework needs to be reviewed in order to match with the interest of

the telecommunications network operatorsand the business model they like most. The main

fundamental telecommunications business models are the following:

• Network build and operate.Where operators build their own networks and provide services

to wholesale and retail customers over them.

• Service provision. Where operators rent networks from other operators, and provide

services to retail customers.

• Content creation and its distribution. Where licensees create content and distribute through

the telecommunications and broadcasting networks.

The research focused for the telecommunications network build and operate business model, which is

the interest of the most of the telecommunications network operators.

3.4.3. Examples of LicensingFrameworksFromOtherCountries
Malaysia was the country, which provided the template of the licensing framework in Tanzania. The

Malaysian licensing framework has four different license categories called Network Facilities, Network

Services, Application Services, and Content [MCMC1998] Services. The license categories have no

market segment. This is one of the major differences between the Tanzanian and Malaysian licensing

frameworks.

The Malaysian licensing framework opted initially to issue licenses either on a class or an individual

basis depending on a situation. However, in 2005, Malaysia stopped issuing the individual licences

(licenses issued on beauty contest) for the application services and introduced class licences

(authorisationlicences without evaluation). The number oflicenses issued under the CLF in Malaysia at

the start of2009 (see Table 3.4).

Table 3.4.Number of LicencesUnder the CLF in Mala sia at the Start of 2009 rMC
License catee;ory Individual Class
Network Facilities 70 15
Network Services 82 392

Application Services 0 19
Content 23 428

MC1998].
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Some countries developed their licensing frameworks at least matched with the interest of some of the

telecommunications network operators.

For example, in Saudi Arabia, a distinctionis drawn between facility based providers (defined as a

service provider who builds, owns and operates a public telecommunications network) and service

based providers (defined as a service provider who does not build or own a public telecommunications

network and utilises the network of the facility based provider in order to offer services. Licences are

provided to the facility based provider on an individual basis and to the service based provider on a

class licence basis.

In Kenya, there are two main licence categories. Individual network operator (major) licences are

available to operators who need access to scarce resources (spectrum and numbering). They are issued

on an individual licence basis. The non-facility based operators (minor) licences are available to

operators who do not need access to scarce resource. They are issued on a class licence basis.

In 2006, Uganda adopted a new licensing regime using two licensing categories:

• Infrastructure ( the provision of plant and equipment associated with the sending of

telecommunications signals);

• Service (the sending of telecommunications signals between a sender and a receiver).

In addition, operators wishing to use scarce resources (defined as spectrum, short numbers and

international gateway facilities) have to obtain an essential resources authorisation.

In South Africa, the Independent Communications Authority for South Africa (ICASA) implemented

a two tier structure. An Electronic Communications Network Service licence permits the construction

of a network and the provision of network services. An Electronic Service Licence permits the

provision of services, but the licensee must use the network (including numbers from the national

numbering plan) provided by a holder of an Electronic Network Service Licence. A separate

broadcasting licence is also made available. These licenses are both available as individual and class

licenses.

In 2004, the Telecommunications Regulatory Authority of India (TRAI) introduced a new licensing

framework with three main license categories [TRAI2003]:
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• Unified licence.This licence category covers all public communications networks, irrespective

of media and technology, capable of offering voice and lor non-voice (data services). The

unified licence allows operators to offer both fixed, mobile and broadcasting services within a

single licence.The licence category is in line with the convergence of the information and

communications technologies that merge the services together to form broadband and

multimedia services.

• Class licence. This licence category covers all services including satellite services, which do not

provide both way connectivity with the public communications networks.

• Authorisationlicence. This licence category covers mainly the services for the provision of

passive infrastructure and bandwidth services to the service providers.

3.4.4. The Impact of the Converged Licensing Framework OnIndustry and Economy In
Tanzania
The introduction of the converged licences promoted effective competition and increased rapidly the

number of mobile phones. The rapid growth of the mobile phones generated additional volume of

traffic in minutes. The increase of volume of the traffic drives down the interconnection charges. The

mobile interconnection charges per minute dropped from US cents 10.00 in 2005 to US cents 7.89 in

2010 [TCRA2011].

Retail tariffs dropped down as operators compete for market share with promotions. Employment and

investment levels increased as new operators roll out their networks. In 2006 the total number of jobs

created by the mobile telecommunications industry in Tanzania was 125,000.

3.4.5. Interconnection Regulations
In 2005, TCRA prepared and issued the Tanzania Communications (Interconnection) Regulations,

2005 [TCRA2005] in order to promote effective competition in all market segments under the current

CLF. These regulations impose an obligation on licensees to enter into interconnection agreements with

each other on "reasonable terms and conditions" within three months of a request by a licensee for

interconnection with another. The interconnection agreements must be negotiated on transparent in a

non-discriminatory manner and comply with among other criteria the following.

• Methods to be adopted to establish and maintain the connection;

• Connecting points of the network in which the connection is to be made;
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• Necessary capacity to ensure reasonable quality of the signal, taking into account the overall

capacity of the interconnecting network;

• Form in which signals must be transmitted and received at the terminal points of the network,

including numbering arrangements and signalling methods;

• Way to ensure that any signal is received with a quality consistent with the recommendations of

the International Telecommunications Union (lTU);

• Interconnection tariff be based on costs.

The interconnection regulations require the telecommunications network operators to negotiate on a

price for the delivery of an electronic service based on a forward looking Long Run Incremental

Costing (LRIC) methodology [TCRA2005].

On 30th September, 2004, Tanzania through the Tanzania Communications Regulatory Authority

issued the Interconnection Determination No. 1 of 2004 on cost based interconnection charges for fixed

and mobile telecommunications networks in the United Republic of Tanzania following the

interconnection studyconducted by the Analysis Consulting Limited from the United Kingdom

[TCRA2005].

The mobile interconnection charges per minute for 2005 was US Dollar 0.10 [TCRA2005]. The fixed

interconnection charges per minute for single and double tandem 2005 were US Dollar 0.039 and 0.054

respectively. This Determination was reviewed in March 2006 and the mobile interconnection charge

per minute was capped at US Dollar 0.080 from 1st March 2006 until 31st December 2007. Similarly,

the fixed single and double tandem interconnection charge per minute was also capped at US Dollar

0.038 and 0.053 from Ist March unti13Ist December 2007.

On 31st December, 2007, TCRA issued another Interconnection Determination No. 2 of 2007 that

aligned fixed and mobile interconnection charge per minute into one mobile interconnection charge per

minute from Ist January, 2008 to 31st December, 2012 (see table 3.5). This alignment of the fixed and

mobile interconnection charge per minute was due to low traffic (less than 3%) terminating on the fixed

telecommunications networks. The alignment removed the single and double-tandem interconnection

charge per minute for the fixed telecommunications networks. The current interconnection charge per

minute for mobile and fixed dropped from USD 0783 in 2008 to USD 0.0716 in 2012.
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T bl 3 5 Al' d V' C II I C 031.12.2012.a e .. 12ne oice a nterconnection harges per Minute from 1.1.2008 t
Year 1.1.2008 1.1.2009 1.1.2010 1.1.2011 31.12.2012
Interconnection
charges per 0.0783 0.0765 0.0749 0.0732 0.0716
minute in USD

3.5Competitive Telecommunications Network Deployment and Operations

This Section presents telecommunications network deployment and operations for five competitive

licensed operators. These operators include the following:

• Tanzania Telecommunications Company Limited;

• Vodacom;

• Zain;

• TIGO;

• Zantel.

The Capital Expenditures (CAPEX) and Operating Expenditures (OPEX) for 2007-2009 for the most

competitive telecommunications network companies were sourced from the operators' annual audited

accounts and analysed them to get their interconnection costs. The interconnection costs were presented

in Chapter 6.

3.5.1. Tanzania Telecommunications Company Limited

TTCL is still the only fixed telecommunications network operator in the country [TICL, 2009]. Most

of the access networks were constructed by the Twisted Copper wires (TCW). In 2000, the company

complemented the TCW based access networks by the Wireless Local Loop (WLL) in some areas of

Arusha, Morogoro and Tanga regions. Deployment of the WLL based access networks in these regions

increased subscriber connections and solved problems of vandalism and sabotage of the copper wires.

TICL looses over USD 1.0 million a year through the theft of copper telephone wires and fibre optical

cables [TTCL, 2009].

TICL's backbone transmission systems are still predominantly microwave radio with a combination

of Pleiosynchronous Digital Hierarchy (PDH) and Synchronous Digital Hierarchy (SOH) technologies,
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which are limited in capacity. Fibre optic is prevalent technology in Dar es Salaam city. Lack of

adequate backbone transmission capacity owned by TTCL in the country made some of the mobile

operators to construct their own backbone microwave transmission systems.

In 2001, immediately after privatization, the TICL made a substantial investment. The company

expanded, upgraded and modernized the fixed telecommunications networks by replacing the

traditional circuit switched systems by the InternetProtocol (IP) based packet switched systems at the

core networks. TICL also upgraded the radio networks by deploying 34Mbits/s and Synchronous

Transport Mode 1 (STM-l) microwave radio equipment and linking them to the newly installed IP

based packet switched systems and Intelligent Network (IN) platform. The TTCL's upgrading of the

radio networks provided cost effective digital leased lines to mobile network operators as compared to

the expensive leased lines via satellites.

TTCL planned to deploy the National Information and Communications Technology (ICT) backbone

of optical fiber cable system of about 6,200 kilometers, which was estimated to cost usn 64.00 million

into 4 phases (see Fig. 3.2):

• Phase 1,2006;

• Phase 2, 2007;

• Phase 3, 2008;

• Phase 4, 2009.

The backbone optical fiber system was completed and commissioned successfully. It is now in good

operation.

In 2007, TTCL decided to deploy mobile services using the CDMA 2000 mobile network technologies.

It is the fifth mobile market entrant and has not yet made significant impact in the market. By

December 2010, TICL had 86,965 mobile subscribers holding the fifth position by acquiring 0.4% of

the shares in the mobile market and 159,054 fixed line subscribers. The deployment of the CDMA

mobile networks has boosted the overall subscriber base of TTCL to 315, 0871. TTCL operates its own

international gateway to provide the international services. Some of the international services are

routed through the sub-marine cable installed by the Seacom Limited Company.
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Figure 3.2.A map of Tanzania showing routes of the planned National ICT backbone optical fiber
cable system (TTCL,2009]

3.5.2. Vodacom

In December 1999, the Vodacom Tanzania Limited was licensed to provide and operate the GSM

mobile services in the country. The Vodacom Tanzania Limited was the fourth company to enter into

the mobile market in the country [Voda, 2009]. The Vodacom Tanzania Limited rolled out aggressively

the GSM mobile networks within the first three years of operations 2000-2003. The company acquired

quickly wide network coverage with presence in almost all headquarters of the administrative regions

and districts including rural areas in both the Tanzania Mainland and Zanzibar Islands. Services

provided include national and international voice services, Short Message Services (SMS), Multimedia

Message Services (MMS), General Packet Radio Services (GPRS), High Speed Packet Downlink

Access (HSPDA), video and sound streaming. The Vodacom Tanzania Limited has a total number of

the mobile subscribers of 8,670,536as December 2010. The company holds the first position by

acquiring the 41% the shares of the mobile markets in the country in terms of the number of the
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subscribers. The company offers both the post-paid and pre-paid international roaming as explained in

details on Chapter 4.

In 2006, the company was licensed to operate an International Gateway in order to provide the

international telecommunications services in the country. The Vodacom Tanzania Limited became the

first mobile network operator to deploy the third Generation (3G) mobile networks using the WCDMA

2000 network technology. In January 2007, the Vodacom Tanzania Limited also launched the 3G

mobile services. in March 2007, the company commenced their commercial operations of the 3G

mobile services in the Dar es Salaam region. The Vodacom Tanzania Limited's GSM mobile network

coverage was not provided.

3.5.3. Zain
Zain formerly known as Celtel Tanzania Limited was the fifth GSM mobile network operator to enter

into the market following the partial privatisation of the TTCL in February 2001 [Zait, 2009]. Zain is

the second largest mobile company in terms of number of mobile phones after Vodacom Tanzania

Limited.

Zain expanded and upgraded its GSM mobile networks significantly covering almost the entire country

including some rural areas. Zain has become the second position by acquiring 28.69% shares of the

mobile markets in the country in terms of the number of the connected subscribers of 6,021,091 as in

December 2010.

In 2006, Zain deployed the Enhanced Data rates for GSM Evolution (EDGE) and General Packet Radio

System (GPRS) services in the country. The GPRS services are available throughout the entire country

while the EDGE services are limited to some areas of the country. Zain offers both post paid and pre-

paid international roaming as explained in details on Chapter 4. The pre-paid roaming is offered to 16

different countries in Africa and Middle East under the concept of One Network explained in details

onChapter 4.

3.5.4. TIGO
Milcom Tanzania Limited (MIC (T) trading as TIGO, was the first mobile communications company in

Tanzania. TOGO was licensed in 1993 as joint venture between Milcom International cellular company

based in Luxemburg [TIGO, 2009], Ultimate Security Company and Tanzania Posts and

Telecommunications Corporation (TP&TC).
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TIGO started operations of the mobile networks using the analogy Total Access Communications

Systems (TACS) mobile technology. In 2001, the company changed the operations of networks from

the analogy TACS to digital GSM mobile technology. Although TIGO was the first company licensed

to provide and operate mobile networks in the country, their network coverage is still concentrated

mainly in urban areas leaving most of the rural areas uncovered (see Fig.3.3). Following the limited

supply of the mobile network coverage, TIGO Limited has been relegated to the third position by

holding 21.33% of the shares in the mobile market in terms of the number subscribers of 4,477,510 as

in December 2010.

Figure 3.3. The map of the TIGO's GSM mobile network coverage [TIG02009]

3.5.5. Zanzibar Telecommunications Limited
In 1997, Zanzibar Telecommunications Limited (Zantel) was licensed to provide and operate fixed and

mobile telecommunications services and international gateway only in the Zanzibar Islands [Zant,

2009]. Zantel was the third company to enter into the mobile market in the country. The company was

not allowed to use their international gateway in the Zanzibar Islands to route the international traffic
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from/to Tanzania Mainland, because the fixed telecommunications services were still monopoly to

TTCL in the Tanzania Mainland. However, the Government allowedTTCL and Zantel to operate the

fixed telecommunications services in the Zanzibar Islands on duopoly basis.Following the full

liberalization of the telecommunications sector on 23rd February, 2005, Zantel was allowed to provide

and operate their telecommunications networks in the whole country (see Fig.3.4)

CU J'llZ ~t lee ao

Figure 3.4.The Map of Zantel's GSM mobile network coverage [ZANT,2009]
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Following the full liberalization of the telecommunications sector on 23rd February, 2005, Zantel was

allowed to provide and operate their telecommunications networks in the whole country. In July 2005,

Zantel crossed to the Tanzania Mainland offering the mobile communications services [Zant, 2009].

The company started their operations in the Tanzania Mainland through entering national roaming

agreements with the Vodacom Tanzania Limited. In 2007, Zantel started rolling out their own CDMA

mobile networks in the whole country. Zantel holds the fourth position by acquiring 8.18% of the

shares in the mobile market in terms of the number of the mobile subscribers of 1,715,985 as in

December 2010 [TCRA2009

3.6. Non-Competitive Telecommunications Network Deployment and Operations

This Section presents telecommunications deployment and operations of non-competitive licensed

telecommunications network operators. These licensed telecommunications network operators include

the following:

• Benson Informatics Limited,

• SasaTel Company Limited,

• SixTelecoms Company Limited, and

• SeaCom Tanzania Limited.

The interconnection costs of these companies have not been estimated because Benson Informatics

Limited and SasaTel are small and non-competitive companies. SixTel and SeaCom Tanzania Limited

deployed international telecommunications networks, which are outside the interconnection

framework. However, they are important telecommunications network deployment and operations

because they contribute to the total interconnect traffic throughput to the competitive

telecommunications network deployment and operations.

3.6.1. Benson Informatics Limited
Benson Informatics Limited was licensed in 2005. The company was the sixth to enter into the mobile

market. In the beginning of 2007, the company commenced the operations with the 3G CDMA-based

networks. The company concentrated offering the mobile services in only Dar es Salaam region. In

December 20 I0 the company had mobile subscriptions 2,396 and acquired 0.0 I% of the shares in the

mobile markets. The GSM mobile network coverage map was not provided.
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3.6.2. SasaTel Company Limited
In 2007, SasaTel Company Limited was also licensed to provide and operate the mobile services. The

company was the seventh to enter into the mobile market.

In 2009, the company commenced the operations with the 3G CDMA broadband based networks. The

company concentrated offering the broadband mobile services in only Dar es Salaam region. In

December 20 I0, the company had mobile subscriptions 24,827 and acquired 0.12% of the shares in the

mobile markets. SasaTel also could not provide the GSM mobile network coverage map.

3.6.3. Six Telecoms Company Limited

Six Telecoms Company Limited operates an international gateway. The company serves as a carrier of

carriers in handling outgoing and incoming international voice calls. In December 2005, the Six

Telecoms Company Limited commenced commercially the operations of the international gateway.

The company does not have subscribers.

3.6.4. SeaCom Tanzania Limited

In September 2008, Tanzania licensed the SeaCom Tanzania Limited to provide, install and operate a

submarine cable system branching from the main submarine cable system to the landing point station in

Dar es Salaam [Seac2009]. The branch submarine cable crossed the Tanzanian territorial waters of

about 12 nautical miles (22.22 kilometers) and terminated to the Dar es Salaam landing point station.

The sub-marine cable is not considered for the calculations of the interconnection costs because it is not

part of the interconnection network components. The costs of the submarine cable (the international

network component) are usually recovered bilaterally between international carriers through settlement

of accounts.

The main submarine cable system has a length of about 15,000 kilometers passing through the

international waters of the Indian Ocean and connecting South Africa, Mozambique, Madagascar,

Tanzania, Kenya and India with options to extend the same to Fujairah, Kingdom of Saudi Arabia and

Egypt. The installation and commissioning of the SeaCom Limited's submarine cable system project

made Tanzania connected to the rest of the world by the submarine cable systems offering the

broadband communications services. Another big submarine cable project formed by multi-national

companies and governments of Eastern African countries is called the East African Submarine cable

System (EASSy). The EASSy project intends to provide, install and operate the submarine cable along

the coast of the East of Africa. The cable is expected to be ready for services before 2012.
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Thus, there will be two submarine cable systems along the coast of East of Africa operating by two

companies on duopoly basis.

Other submarine cable networks in Africa (see Fig.3.5) include the following:

• In the West of Africa, the SAT-3/WASC submarine cable connected from Gibraltar in Spain

and crossed the Atlantic Ocean to South Africa;

• The South Africa and Far East (SAFE) submarine cable connected the SAT-3/wASC

submarine cable from South Africa and crossed the Indian Ocean to Malaysia.

• In the North Africa, the submarine cable connected from Gibraltar in Spain crossed the

Mediterranean Sea to India and Far East.

Figure 3.S.The African submarine cable networks [Seac2009]

3.7. Analysis of the Growth of Mobile Networks in Tanzania
This Section presents the analysis of the growth of mobile networks in Tanzania in terms of number of

mobile phones and density using the diffusion theory of innovations [Riff1995,Jukic2004,]. The growth

of the mobile phones normally drives down the interconnection costsbecause of the increase of

utilization of the telecommunications network due to the increase of traffic throughputs. The Section

starts by presenting the underlying the diffusion theory of the innovations and causes of the rapid

growth of the
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mobile phones in the developing countries like Tanzania. The Section analyzes mathematically

empirical data of mobile phones collected from Tanzania from 2000 to 2009. This analysis attempts to

obtain the growth phenomenon of the mobile phones in Tanzania, which can be used by telecoms

operators and policy makers to plan well the mobile networks to meet the demand.

3.7.1. The Diffusion Theory of Innovation
The theory of diffusion of innovation relies on the concept that many past innovations like mobile

phones exhibited a non-linear shaped penetration from the innovation is launched to that point in time

when the innovation reaches the end of its product cycle and is fully adopted (see Fig. 3.6) [Mead2004,

Gree2002]
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Figure3.6. The non-linear curved penetration [Filde2007j

The logic behind of this theory is that at the early stages of the launch of the mobile phones early

adopters (the innovators) come to market, possibly drawn in by marketing hype, and test the product.

At this time, many others remain outside of the market looking in, uncertain of the products reliability,

features and [mal real costs. Many others within the economy may not even know of the mobile

products existence or care for its application. As the innovators test the product they describe its value

to those looking in. This activity may take place between friends, family, neighbours and work

colleagues as well as via media sources reporting successes. If the innovation is useful, critical mass is

achieved that speeds up adoption growth, i.e. the curve ramps upwards (i.e. the middle part of Fig. 3.6).
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Eventually the product lifecycle ends as the entirety of the population now has the mobile phone.

The rapid growth of the mobile phones in Tanzania was due to late adoption of telephones. Late

adopters of telephones have less reliance on fixed telephones [Jame2004,Sing2008]. In 1995, the

mobile technology was introduced for the first time in Tanzania, and it penetrated rapidly into the

population in accordance with the diffusion theory of innovation.

3.7.2. Fixed and Mobile Phone Data CoUected from Tanzania
The total number of fixed and mobile phones was collected from the Tanzania Communications

Regulatory Authority (TCRA) in Tanzania from 2000 to December 2009 (see table 3.6). Annually and

monthly data was collected from 2000 to 2006 and from 2007 to 2009 respectively.

Table 3.6. Cumulative Growth of Fixed and Mobile Phones in Tanzania from 2000-2009

Year Mobile Fixed Mobile Population Mobile
phones phones shares density

in% in%
2000 110,518 173663 38.89 33,463,388 0.33

2001 275,557 183093 60.08 33,756,093 0.81

2002 606,589 173,591 78.94 34,161,166 1.77

2003 1,298,000 177,802 89.83 34,876,231 3.72

2004 1,942,000 148,360 92.90 36,049,581 5.38

2005 2,963,737 154,420 95.04 37,267,530 7.95

2006 5,614,922 151,644 97.37 38,523,907 14.57

Jan07 5,715,089 154,865 97.36 38,548,278 14.82

Feb07 5,941,784 152,547 97.49 38,572,649 15.40

Mar07 6,140,532 154,141 97.55 38,597,020 15.90

Aprt>7 6,304,151 158,138 97.55 38,621,391 16.32

May07 6,488,744 161,926 97.56 38,645,762 16.79

Jun07 6,720,072 169,135 97.54 38,670,133 17.38

JuI07 6,975,930 188,786 97.36 38,694,504 18.03

Aug07 7,217,010 202,852 97.26 38,718,875 18.63

Sep07 7,489,901 233,890 96.97 38,743,246 19.33

Oct07 7,687,906 225,141 97.15 38,767,617 19.83

Nov07 8,018,016 230,545 97.20 38,791,988 20.66
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Dec07 8,252,281 236,493 97.21 38,816,363 21.26

Jan08 8,647,863 279,406 96.87 39,010,523 22.17

Feb08 8,920,709 286,942 96.88 39,204,683 22.75

Mar08 9,225,345 294,047 96.91 39,398,843 23.41

Apr08 9,504,318 280,026 97.10 39,593,003 24.00

May08 9,838,924 155,451 98.44 39,787,163 24.73

Jun08 10,272,792 155,251 98.51 39,981,323 25.69

Ju108 10,576,519 156,285 98.54 40,175,483 26.33

Aug08 10,831,633 155,787 98.58 40,369,643 26.83

Sep08 11,563,309 156,320 98.66 40,563,803 28.50

Oct08 11,937,170 169,640 98.59 40,757,963 29.28

Nov08 12,340,040 168,966 98.65 40,952,123 30.13

Dec08 13,014,337 116,265 99.11 41,146,284 31.63

Jan09 13,317,093 171,299 98.73 41,340,444 32.21

Feb09 13,595,696 170,688 94.55 41,534,604 32.73

Mar09 13,896,555 170,021 98.79 41,728,764 33.30

Apr09 14,047,092 169,688 98.80 41,922,924 33.50

May09 14,327,249 166,126 98.85 42,117,084 34.02

Jun09 14,736,645 166,379 98.88 42,311,244 34.83

Jul09 15,224,976 181,167 98.82 42,505,404 35.81

Aug09 15,666,077 181,172 98.82 42,699,564 36.69

Sep09 16,051,647 181,671 98.88 42,893,724 37.42

Oct09 16,229,706 137,433 99.16 43,087,884 37.66

Nov09 16,642,748 173,264 98.96 43,282,044 38.45

Dec09 17,469,486 172,922 99.01 43,476,204 40.01

The cumulative number of mobile phones and mobile density were plotted against time (see Fig.3.7

and 3.8 respectively). The figures show that the diffusion of the mobile phone took place essentially

after 2005 when Tanzania liberalized fully the communications sector and introduced the Converged

Licensing Framework (CLF). In the following years the mobile phones continued growing rapidly in

number of mobile phones, pushing it from 5,765,819 in 2006 to 17,642,408 mobile phones in

December 2009.
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In Tanzania, the mobile phones have been becoming the dominant means for accessing

communications. The mobile market share (the number of the mobile phones to total telephones) in

Tanzania was at 99.01% in December 2009.

The growth phenomenon of the mobile phones in Tanzania was non-linear and consistent with the

Gompertz model.

3.7.3. Analysis ofthe Mobile Growth Phenomena Using the GompertzModel
The Gompertz model can be expressed in terms of the mobile density and time by the following

functional form [Riff1995]:
_ be «et

Mdt=ae (3.1)

whereMdt is the mobile density at time t, and a, b, and c are parameters of the Gompertz function to be

estimated. The parameter a, represents the saturation level, which is the upper asymptote. The

Gompertz function ranges from a lower asymptote of zero to the upper asymptote of a as t ranges from

-00 to +00, and the parameters band c determine the location and the shape of the curve

respectively[Riffl995]. The maximum growth rate able is achieved when Mdt = ale, when Mdt reaches

about 37% of its upper asymptote [Riff1995,IslamI995].

The Gompertz function expressed in equation 3.1 above can be simplified inthe

following fonn[Riff1995,Islam2000]:
C'

Mdt=ab (3.2)

whereMdt is mobile density at time t, a, b, and c are still parameters of the Gompertz function.

Estimators of parameters a, b, and c of the Gompertz function can be derived basically as

follows[Riff1995,Islam2000].

Consider sets of triplets Yi, Yj+j, Yi+k having the property k=2j with the respective integral t-values, i, i+j

and i+k, k>j>i>O.From equation 3.2, it can be expressed as follows:

cl+k
Yi+k = ~=bci(C k-cj

)
1+}

Yi+} abc
Similarly,
Yi + j = l(cj-l)
Yi

Then in general,

(3.3)

(3.4)
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Yj+klog-- . k .

Yj + ~ - e'(e- e' )logb =«ek _ ej )(ej -1 rl (3.5)
log Yj + ) c'(c' -I )logb

Yj
Usuaally, k can be chosen such that k=2j, in this case

I v, +k
j og--.

C Yj + } (3.6)
log Yj + j

Yi
Equations 3.5 or 3.6 can be used to solve for e, since the left-hand side of the equation is a numerical

value. Ingeneral, 0<c<1.

The estimate for c can be substituted for c in the following equations to obtain an estimate for b. In

general,

I 2 Yj + kog --.
v, + J

log Yj + j
Yj

e2i(ek -ej /log2b = ei(ek -cj /Iogb
c' (c' -1)logb c' -1

(3.7)

or
. 2 y. +k

(c' -1)log _'-.
logb= Yj + J

ei(ek - c' /Iog Yi + j
Yi

In the special case in which k=2j,

I 2 Yi + k I Yi + kog --. og--.
y. + J = Yi + J

ei+k(cj -1)

(3.8)

log b =
ci+k(ej -1 )log Yi + j

Yi

(3.9)

I Yi -«og--.
log b = Yi + J (3.10)

Ci+k(Cj -1)

An estimate of b can be obtained from Equations 3.8 or3.9. In general O<b<l.

The estimate for e and b can now be substituted for c and b in the following equations to obtain an

estimate for a.

(3.11)

ci cj+j ci+k
loga= log (Yi + Yi+) + Yi+k ) - log(b +b +b ) (3.12)
From Equations 3.11 and 3.12 an estimate for a can be found; hence, all estimates for a,b and c can

now be found.
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Given that the data for the whole 2000-2009 period as shown in Table 3.6 are on different frequency,

only monthly data from January 2007 to December 2009 was used to estimate parameters for the

Gompertz Growth curve. It is the more recent monthly observations that are of utmost important for

estimating the level of saturation of the mobile-density, which is considerable interest in this analysis.

Moreover, inclusion of the annual observations do not alter any conclusion reached, and by discarding

them for estimation purposes, it is avoided making unduly assumptions concerning the monthly

evolution of the market from 2000 until the last month of December 2007.

From Table 3.6, three monthly observations are chosen arbitrarily, Yi, Yj+j, Yi+k having the property that

k= 2j.

Let i=5 andj=14 (3.13)

The three monthly observations from Table 3.6 have the following data points:
(5,16.79), (19,26.73), (33,37.42). From equation 3.6,

I 37.42
14 og--C = 26.33 = log 1.4212 = 0.1526= 0.7813

I 26.33 log1.5681 0.1953
og 16.79

(3.14)

1Loge= -logO. 7813=- 0.00076
14 (3.15)

c = 0.9825 (3.16)

From equation 3.10,

Ihog
Logb= Y19 0.1526 =_ 0.9744

= 0.5584-0.7150 (3.17)
33 19

C -c
b= 0.10592 (3.18)

From equation 3.12,
S 19 33

log a = log ( y soy 19 + Y 33 ) - loge0.10592°·9825+0.10592°·9825+0.10592°.9825)
(3.19)

(3.20)log a = log 80.54 - log (0.72)

loga = log sg}; = Ill. 86= 112
(3.21)
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a = 112 (3.22)

The projection of the mobile density in Tanzania will primarily be based on the estimated Gompertz

model using the equation 3.23 below.

O 105 92°' 9825'
Mdt=112( • ) (3.23)

where Md is the mobile density, the parameter 112 represents the level of saturation of the mobile

density, 0.9825 represents the adoption rate, in this case of Tanzania the adoption rate is fast, 0.10592

represent the shape of the curve and t represents period of time in months from January 2007. The

inflection point based on the

Gompertz model is rotationally asymmetrical to the level of the saturation of the mobile-density, and it

occurs at 37% of the level of the saturation of the mobile-density [Islam2004]:

37% x 112 = 41.44 (3.24)

Therefore, the inflection point will occurs at mobile density of 41.44%. The time t in months from

January 2007corresponds to the inflection point can be calculated as follows:

O 10592°·9825'
41.44=112( •

Log 41.44= log 112 + 0 .9825' log 0.10592
t

Log 41.44 -log1l2 = 0 .9825 x (- 0.9750)
41.44

Log ~ = 0.9825' (-0.9750)

Log 0.37 = 0.9825' (-0.9750)
-0.4317
- 0.9750 = 0.4427 = 0.9825t

Log 0.4427= t (log 0.9825)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)
(3.31)

- 0.3539 _ t
-0.00766
t=46.2

(3.32)
(3.33)

This means that the inflection point of the curve will occur at 46.2 months after January 2007; that is,

October 2010 (when the mobile-density and number of mobile phones will be around 41.44 mobile

phones per 100 inhabitants and 17,855,619 mobile phones respectively).

The time at which the number of the mobile phones exceeds the number of people in Tanzania can be

forecasted as follows. This time will occur when the mobile- density will be at least 100%. Therefore,

this time can be represented by the following equation:
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100=112(0.10592l982S'

O 10592°·9825'
0.89285 = •

Log 0.89285= 0 . 98251

10g0.10592

(3.34)

(3.35)

(3.36)

-0.04939 _ 0 98251

-0.9750 - •
0.050656 = 0.9825'
Log 0.050656 = t logO.9825
logO.050656
log 0 .9825 = t
- 1.29542
-0.00766 = t
t = 169.1 months from January 2007

(3.37)

(3.38)
(3.39)

(3.40)

(3.41)
(3.42)

The number of mobile phones will just exceed the number of people in Tanzania by January 2021; that

is, 169.1 months from January 2007 when the mobile density is 100% and the number of mobile

phones will be at least 55,840,060 based on the population projection (see Table 3.7).

The mobile density Mdt near to the level of saturation of the mobile density can be estimated by taking

Mdt near to 112 let say t= III. The corresponding estimated time t can be calculated as follows:

111 = 112(0.10592l982s'

log ;::0.9910~ 0 . 98251

10g 00.10592 0

log0.9910 = O. 98251

logO.10592
1o .9825 =0.004026

(3.43)

(3.44)

(3.45)

(3.46)
t log 0.9825 =Log (0.004026) (3.47)

log []I). 004026 0=
t= log [11).98250 312.67months (3.48)

Therefore the level of saturation of the mobile density will be reached in the year 3035 (312.67months

(27 years) from January 2007).

The mobilemarket potential (the number of mobile phones at the level of saturation of mobile-density)

is based on the saturation level of mobile -density and population of the country at that time. Projection

of the population of Tanzania 2003- 2035

taken from the Tanzania National Bureau of Statistics (TNBS) is presented (see Table 3.7)
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T bl 37 P . f f I· . T 2035 [tnhs2009]a e . . rO_lec Ion 0 popu ation ID anzania: 2003-
Year Population
2003 34,719,999
2004 35,731,938
2005 36,784,149
2006 37,869,275
2007 38,983,135
2008 40,127,136
2009 41,302,284
2010 42,509,480
2011 43,746,911
2012 45,010,906
2015 48,919,824
2020 55,840,060
2025 63,516,735
2035 71,193,410

The number of mobile phones at the market potential (level of saturation of mobile-density of 112%) in

2035 can be calculated as follows:

112
71,193,410 x 100 = 9,736,619 (3.49)

The number of mobile phones at the potential market (112%) in 2035 will be
79,736,619.

3.8. Conclusion
Details of telecommunications development in Tanzania have been presented in this chapter by

explaining the background and history of the telecommunications development in the country during

the German and Great Britain colonial rule from 1888 to 1961 and post-colonial rule from 1962 up to

1994. During this period, the telecommunications networks were operated on monopoly basis where

there was no interconnection of networks. The Telecommunications developments in Tanzania from

1994 to date have been presented by explainingreforms that took place in the telecommunications

industry. These reforms resulted in the liberalisation of the telecommunications markets and opening

them up to competition. The competition brought up the interconnection of telecommunications

networks, which is important to the research.The competitive and non-competitivecompanies have

been discussed by presenting their telecommunications network deployments and operations.Growth of

the mobile networks over time in terms of number of mobile phones and mobile density has been

modeled and forecasted by using the Gompertz models. The results showed that the growth of the

mobile networks would reach the saturation level at the mobile density 112% in 2035 and the number

of the mobile phones of 79,736,619. The mobile phones have been becoming increasingly a dominant

means for accessing the communications in Tanzania.
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Chapter 4.From International Roaming To Non-international Roaming
In Tanzania

This Chapter aims to go into detail here on about international roaming explained on Chapter 3 on page

61 by presenting its implementation in Tanzania as follows [Zait2009].

• Post-paid international roaming,

• Pre-paid international roaming, and

• Non- international roaming sometimes is known as the One Network Concept.

4.1. Post-paid International Roaming
This Section presents the post-paid international mobile roaming calling using the ITU-T Common

Channel Signaling Systems No.7 (ITU-T CCSS No.7). These calls are part of the call types included in

the mobile interconnection cost models analyzed in Chapter 6. The calls are provided by All GSM

mobile network operators in the country. The post-paid international mobile roaming calls enable only

the post-paid customers to make and receive calls on a foreign network while travelling outside their

home country. The post-paid international roaming calls ensure that the post-paid customers are always

connected with their home networks when they are outside the country as detailed below

[GSMA2007,GSMA2009] .

4.1.1. Post-paid InternationalRoaming: Target Customers
The post-paid international roaming calling was developed to serve for customers with contract with

the home mobile network operator; that is, post paid customers who pay bills after using the GSM

services. This roaming service enables the post-paid customers to make and receive calls on foreign

GSM mobile networks while they are in the foreign countries.

4.1.2. Post-paid International Roaming:Scenario
The post-paid roaming customer can use their GSM phones on a foreign network in a foreign country.

The Interconnection Regulation 2005 does not regulate the international roaming calling. The

international calls originating from Tanzania and terminating on the networks of other countries and

vice versa are outside scope of the Interconnection Regulation 2005. Normally, the costs oftenninating

these calls are recovered through special procedures of international settlement of accounts between the

international carriers of the two countries. However, the traffic throughput in minutes offered by the

post-paid international roaming are included in the mobile interconnection cost models as presented in

Chapter 6. Hence, the international roaming callingis relevant to this research. The services offered to

the post-paid international GSM mobile roaming include the following:

• Making calls;
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• Receiving calls at their home GSM numbers while roaming;

• Sending fax and data;

• Receiving fax/data at their home GSM numbers;

• Sending and receiving Short Message Services (SMS);

• Billing by the home network operator.

The post-paid roaming customers are visited customers on the foreign networks, and they are not

connected as home customers. That is, when they make and receive local calls on the visited foreign

country, they pay the roaming tariffs and not the standard local call charge.

4.1.3. Post-paid InternationalRoaming:Operations
The post paid international roaming calling operates with the following technical and commercial

arrangements:

• Own an operational network with the ITU-T CCSS no.7;

• Signing bilateral roaming agreements;

• Own a billing system capable of generating and receiving Transferred Account Procedure

(TAP) files. The TAP is a procedure by which the GSM network operators exchange

international roaming call data records for the use of the GSM networks and services for billing

purposes [GSMA2009] ;

• Conclude roaming agreements with other operators.

4.1.4. Post-paid InternationalRoaming:ChargingPrinciples
Charging principles for the post-paid roaming customers in a foreign country include the following:

• A roaming customer receiving an international call from the home network in a foreign country

pays an international call charge from the home network to the foreign network;

• The calling part from the home network pays a local call charge;

• A roaming customer originating and sending an international call from the foreign networks

pays the foreign network operator's roaming tariffs;

• A roaming customer making and receiving local calls on a foreign network in a foreign country

also pays the foreign network operator's roaming tariffs, which are higher than the local call

standard charges.

In this situation, the roaming customer pays on receiving local calls.
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4.2. Pre-paid International Roaming
Zain and Vodacom Tanzania Limited GSM mobile network operators introduced the pre-paid

international roaming services using the Customized Application for Mobile network Enhanced Logic

(CAMEL) Phase I. These services are included in the mobile interconnection cost models analyzed in

Chapter 6. The services offer the traffic throughput in minutes defined in Chapter 6. The pre-paid

international roaming services enable the pre-paid customers to make and receive calls on foreign GSM

mobile networks while travelling outside their home country [GSMA2009,Zait2009].

4.2.1. Pre-paid InternationalRoaming:TargetCustomers
The pre-paid international roaming services were developed to serve for top up customers; that is, the

customers who pay bills as they use the GSM services. These roaming services enable the pre-paid

customers to make and receive calls on a foreign GSM mobile network while travelling outside their

home country.

4.2.2. Pre-paid InternationalRoaming: Scenario
The pre-paid roaming customers can use their GSM phones on a foreign network in a foreign country

as follows:

• Making calls;

• Receiving calls at their home GSM numbers while roaming;

• Sending fax and data;

• Receiving fax/data at their home GSM numbers;

• Sending and receiving Short Message Services (SMS);

• Billing by the foreign network operator (not by the home network like the post-paid roaming).

This is an area that differs from the post paidinternational roaming.The pre-paid roaming

customers are visited customers on the foreign networks, and they are connected as home

customers enjoying the Virtual Home Environment (VHE) [Roam2009,Gsma2009]. The VHE

provides the local network environment for the international roaming subscribers on the foreign

networks.

4.2.3. Pre-paid InternationalRoaming:Operations
The pre-paid international roaming operates with the following technical and commercial

arrangements:

• Own an operational network with the Customized Application for Mobile network Enhanced

Logic (CAMEL) Phase 1;
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• Signing bilateral roaming agreements;

• Own a billing system capable of generating and receiving transferred account procedures;

• Conclude roaming agreements with other Operators.

4.2.4. Pre-paid InternationalRoaming:CbargingPrinciples
Charging principles for the pre-paid roaming customers in the foreign country on the foreign visited

mobile networks include the following [GSMA2009,Roam2009]:

• A roaming customer receiving an international call from the home network in a foreign country

pays an international call charge from the home network to the foreign network. The calling

part from the home network pays a local call standard charge (the same as post-paid

international roaming charging principles);

• The pre-paid international roaming subscriber does not need to register the service to the home

network when travels outside the country for billing purposes.

4.3. Non- international Roaming (One Network Concept)

Zain has the GSM mobile network installations in 23 different countries in Africa and Middle East

[Zait2009]. The GSM mobile network installations of 16 out of 23 different countries have been linked

together by a single Intelligent Network (IN) platform using the CAMEL Phase 2 to form a One

Network [GSMA2009]. The non-international roaming network, [Roam2009] expanded the customers'

coverage and service experience from 1 country to 16 countries in Africa and Middle East in the

Zain'sGroup networks. The traffic throughput in minutes offered by the one network is included in the

mobile interconnection cost model and defined on Chapter 6.

4.3.1. Non-international Roaming:One NetworkConcept
The concept of the non-international roaming introduced by the Zain Group is the creation of

borderless mobile network coverage across the zain Group's mobile network installations of different

countries in Africa and Middle East [Zain2009]. The borderless mobile network coverage enables

customers to enjoy the Pan-African/Middle East community and move freely between the countries

(now 16 countries) in which the Zain Group operates, and be treated as "virtual"local customers of the

visited network in terms of pricing, while retaining their home network service functionality.

4.3.2. Non-international Roaming: NetworkroU-out plan
On 27th September, 2006, Zain Group introduced simultaneously the non-internationalroaming network

in East Africa (Kenya, Tanzania and Uganda) as Phase 1 for the first in the world [Zait2009]. Phase 2

of the non-international roaming network roll-out plan expanded to three countries in Africa, namely
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Democratic Republic of Congo (DRC), Congo Brazzaville and Gabon. This phase was commissioned

on 8th June, 2007. On 22nd November, 2007, Zain Group commissioned Phase 3, which expanded

further the non-international roaming network to 6 more countries in Africa, namely Nigeria, Niger and

Chad. Other countries are Burkina Faso, Malawi and Sudan.

Phase 4 of the non-internationalroaming network roll-out expanded the coverage and services to 3

countries in the Middle East, namely Bahrain, Jordan, Iraq (the Middle East) and Sudan (Africa). The

non-international roaming network covers a total of 13 countries in Africa and 3 countries in the

Middle East.

4.3.3. TechnicallntegrationOffhe Non-international Roaming
Technically, the non-international roaming is supported by a single Intelligent Network (IN) platform

using the CAMEL Phase 2 for mobile. The CAMEL Phase 2 is a network solution that offers a Virtual

Home Environment (VHE) for the GSM international roaming services. The VHE for the international

roaming services using the General Packet Radio Services (GPRS) and Enhanced Data for GSM

Evolution (EDGE)technologies is offered by the CAMEL Phase 3. The VHE enables the roaming

customers to use directly the services in the visited foreign mobile networks with real time billing as if

they were in their home mobile networks. The software for the CAMEL Phase 2 has the following

main service functionalities:

• Local Recharge.This service allows in-roamers to use Prepaid Airtime vouchers of visiting

network to top-up their balance. The service also manages currency exchange rates between

various countries. It provides detailed reports of voucher usage for accurate financial

reconciliation within operations;

• Short Message System Billing in Camel 2 destinations. This service does bills all Short

Message Systems (SMS) sent by prepaid out-roamers. The SMS Service of CAMEL Phase 2

out-roamers are usually barred as it cannot bill them for SMS sent while roaming. The SMS

Billing solution thus enables SMS service for prepaid out-roamers, and if the out-roamer runs

out of balance while roaming, the SMS service is barred on the HLR for that out-roamer;

• Boarder Roaming Gateway service CBRGWlin order to manage cross border spill over

effect.Normally, when the international roaming customers come close to international borders

sometimes log onto the network across the border even though they are in the home network.

The BRGW services will process such a situation so that customer comes back to home

network to avoid roaming charges;
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• Smart call assistant.In-roamers often have difficulty dialing home numbers from their phone

book, which are usually stored in local format. Smart Call Assistant (SCA) intelligently

provides the correct format in order to support national format dialing for the roamer;

• Optimal routing.This service allows calls made to an in-roaming customer by a local subscriber

to be routed locally instead of using the international gateway. The optimal routing reduces load

and dependency on the international links. It improves connection time and voice quality by

avoiding routing of calls through the home networks. In the absence of the CAMEL Phase 2,

the calls from the local subscribers to the in-roaming customer, should be routed back to the

international gateway of the home network of the in-roaming customer and then sent back to the

international gateway and local exchange of the visited foreign network of the in-roaming

customer. This type of routing delays the calls in terms of time, and it uses unnecessary two

outgoing and incoming international legs;

• Accurate fmancial reconciliation. This reconciliation details reports of voucher usage enables

for accurate fmancial reconciliation within operations;

• SMS Billing in Camel 2 destinations. This service does billing of all SMS sent by prepaid out-

roamers. The SMS Service of CAMEL Phase 2 out-roamers are usually barred as it cannot bill

them for SMS sent while roaming. The SMS Billing solution thus enables SMS service for

prepaid out-roamers, and If the out-roamer runs out of balance while roaming, the SMS service

is barred on the HLR for that out-roamer;

• 4.3.4 The No Roaming cost effective and user-friendly solutions

4.3.4. Non-international Roaming: Cost Effective and User-friendly Solutions
The non-international roaming is cost-effective and user-friendly solutions; it is designed to meet

customers' requirements for affordable communications services in Africa and Middle East by serving

them as local customers when they are travelling across any country in which the Zain'sGroup is

present as follows [Zait2009]:

• Customers can place calls at local rates;

• Customers can receive incoming calls for free;

• Customers can re-charge the telephone using locally-purchased top up scratch cards, or those

brought from their home country;Customers can use any existing Zain SIM card across One

Network countries
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• Customers can access home country services (voice mails and customer care) m any No

roaming country.

• Customers use all existing tariff plans and apply them automatically to all prepaid and post-paid

customers throughout the region.

4.3.5. The Impact of the Non-International Roaming
Following the successful completion of the non-international roaming network roll-out plan, Zain

Group announced proudly the achievement of the world's first and largest borderless mobile network

coverage.The coverage of the non-international roaming network is 2.5 times the size of the European

Union, with the coverage of 16 countries. Following this coverage, the non-internationalroaming

network is accessible to 450 million people andpresently it is available to more than 35 million Zain's

customers.The large coverage and customer base increased tremendously the traffic and revenue

collection of the company.

4.4. Conclusion

In this Chapter, the implementation of the post-paid, pre-paid and non-international roaming servicesby

the Zain's Group has been presented by explaining in details technical integration, operations and

charging principles. The non-international roaming services have been proved cost effective and

relevant to the research due to the use of the Virtual Home Environment (VHE) for making and

receiving local calls on foreign networks which reduce the usage of the network elements; hence,

reduction of the interconnection costs.
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ChapterS.Review Offhe Existing Generic Interconnection Cost Models

This Chapter presents review of the existing generic interconnection cost models. The British

Telecom's top-down Long Run Incremental Cost (LRIC) model;

• Europe Economics' bottom- up LRIC model.

These models are chosen because of the British and German history and background of the

telecommunications development in Tanzania. There is no interconnection cost model from Africa.

The Chapter also presents comparison of the top-down and bottom-up cost modelingapproaches and

selects a the top-down cost modeling approach, which is used for the research.

5.1. The British Telecom's Top-down Long Run Incremental CostModel
This Section presents the following:

• The BT telecommunications business model,

• The network increment and components of the BT telecommunications business model,

• Cost modelling approach used by the BT cost model,

• Types of costs being calculated, and

• Interconnection costs estimation using the BT's top-down LRIC model.

5.1.1. The BT TotalTelecommunicationsNetworkBusinessModel
The British Telecommunications Company Limited's total telecommunications network business

model consists of the following main increments:

• core (conveyance) network,

• International network, and

• Access networks.

The boxes and circles above the dotted lines in Fig.5.1 represent the increments and network elements

being modeled respectively. The directly attributable network related costs of the increments form the

LRIC. The shaded boxes below the dotted line in the figure represent areas where fixed common costs

exist across the increments. However, the BT used the LRIC methodology to estimate the costs of the

interconnection [Brte2005].
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Figure 5.1. The BT total network business model [Brte, 2005]

5.1.2. The NetworkIncrement to be Mmodelled
The core network is the increment to be modeled and its architecture can be explained as follows:

• Switching network hierarchy. The core network increment has a flat switching network hierarchy of

two levels of standalone digital local and tandem exchanges complemented by remote switching

units as per Fig. 2.1 on page 13.
Network elements.Based on the switching network hierarchy, the BT top- down LRIC model uses 9

types of the network elements[Brte2005]. These types of the network elements are the following:

remote concentrator units, local exchanges, tandem exchanges, remote to local transmission links, and

remote to local transmission length. Others are local to tandem transmission links, local to tandem

transmission length, intra-tandem transmission links, and intra-tandem transmission length. The

network element "length" refers to infrastructure such as cables and ducts.

• Technology. All the transmission links in the core networks use the synchronous digital hierarchy

(SDH) technology over the fibre optical cables. The fibre optical cables connect the digital local

exchanges and remote concentrator units in rings.
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5.1.3. Cost ModelingApproaches

The model uses the top-down cost modelingapproach. This modelingapproach uses the cost structure of

the existing network [Brte2005,Cave2004]. The costs are classified into different categories, and

allocate them to different components and services including the interconnection on the basis of cost

causality. Cost causality means revenues, costs, assets and liabilities are attributed to components,

services and interconnection in accordance with activities which cause revenues to be earned or costs to

be incurred or assets to be acquired or liabilities to be incurred.

5.1.4. Types OfCosts BeingCalculated
The BT's model calculates four different types of costs [Brte,2005}. These costs include:

• LRIC. These costs are the sum of the variable and fixed of the directly attributable network related

costs of the increment (see Fig.5.2). The LRIC forms the floor (minimum) costs.

• Distributed LRIC (DLRIC).These costs are the sum of the direct costs of the components and

apportionments of the joint (indirect) costs of the components of the increment (see Fig.5.2).

• Stand-alone costs (SAC). These are the costs of providing a service by the operator in isolation

from other services of the company. Therefore, SAC includes wholly variable and fixed cost

components of the direct and attributable cost category, jointand common costs (see Fig.5.3). The

SAC forms the ceiling (maximum) costs.

• Distributed SAC (DSAC). These are the sum of the direct costs and the apportionments of the joint

and common costs of the components of the increments (see again Fig.5.3). The DSAC forms

between the floor and ceiling costs.

5.1.5. Interconnection CostEstimationUsing The BT's Top-down LRIC Model
The BT adopted a detailed Accounting Separation [Brte2005] in which the total operating costs per

network element, total capital costs per network element, total costs per network element and total

traffic throughput in minutes per network element are presented. Then the costs of each network

element per minute in pence (unit component costs) are also presented (see Table 5.1). The model

aggregates the appropriate unit component costs and forms the costs in pence per minute of the three

different types of fixed interconnection:

• local level;

• single tandem;

• double tandem.
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Table 5.1. The unit component costs of the BT top down LRIC model [Brte, 2005]

Network Total Total Total Total Costs in
components operating capital costs in traffic PoundSterling per

costs in costs in Pound throughput minute per type of
Pound Pound Sterling in million network element
Sterling Sterling million minutes

millionper million per per
type of per type type of network
network of networ element
element network k

element element
Remote 57 146 203 3,256.72 0.062

concentrator
units
Local 64 179 243 3,348.15 0.073

exchanges
Tandem 60 180 240 2,357.88 0.101
exchanges
Remote to 40 103 143 2,118.82 0.067

local
transmission

links
Remote to 51 95 146 1,567.65 0.093

local
transmission

length
Local to 49 72 121 1,687.99 0.072
tandem

transmission
links

Local to 40 60 100 1,567.85 0.064
tandem

transmission
length

Inter-tandem 35 50 85 1,146.86 0.074

transmission
links

Inter-tandem 31 46 77 1,240.79 0.062

transmission
length
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T bl 52 I t ti t . t f h BTa e . . n erconnec on cos s per mmu e 0 t e network for 2005 [Brte20051
Types of Unit interconnection cost Unit interconnection Unit

interconnection component equation costs in Pound Sterling interconnection

costs ID Euro at

exchange rate of 1

Pound Sterling to

Euro 1.64719

Local level LE+RCU+(LE-RCU)li+(L- 0.295 0.486

RCU)Ie

Single Tandem TE+(TE- LE)Ii+(TE- LE)le+ 02 0.876

Double TE+(TE- TE)Ii+(TE- TE)le 0769 1.27

Tandem +TE+(TE-LE)li+(TE-

LE)le+LE+RCU+(LE-

RCU)li+(LE-RCU)le

The interconnection costs per minute for the local level, single tandem and double tandem matched

withthe EU recommended benchmarked interconnection rates as per table 1.1.

The data in TableS.l show cost structure of the BT's network and unit component costs for 2005. The

BT's model notations for the 9 network elements for cost modeling include the following:

• RCU Remote concentrator units;

• LE local exchanges;

• TE Tandem exchange;

• LE-RCU(li) Local exchange to remote concentrator unit transmission links;

• LE-RCU(le) Local exchange to remote concentrator unit transmission length;

• TE-LE(Ii) Tandem exchange to local exchange transmission links;

• TE-LE(le) Tandem exchange to local exchange transmission length;

• TE- TE(li) Tandem exchange to tandem exchange transmission links;

• TE- TE (le) Tandem exchange to tandem exchange transmission length.
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The BT's model notations distinguish the transmission component between link and length. The

length (Ie) refers to infrastructure such as cables and ducts and the link (li) refers to electronic

equipment such as radio and multiplexers. Therefore, the BT' top-down LRIC model gives the

accurate interconnection costs due to detailed cost modeling using 9 network elements.

5.2. The Europe Economics' Bottom-up Long Run Incremental Cost Model
This Section presents the following;

• The network increment to be modeled;

• The network components being included in the model

• Cost modeling methodology used by this model

• Interconnection cost estimation using the Europe Economics' bottom-up LRIC model.

5.2.1. Network Increment ToBe Modeled
The increment being used in the model is the core network of the modern fixed PSTN with a topology

of a flat switching hierarchy network as per Figure 2.1 on page 13.

5.2.2. NetworkComponentsBeingModeled
The network components being included in the model are six; remote concentrator units, local

exchanges, and tandem exchanges. Others are the remote to local transmission links, local to

tandem transmission links, and inter-tandem local transmission links.

S.2.3.Cost Modeling Approach
The Europe Economics used the bottom-up cost modeling methodology. The costs are derived from the

cost structure of a hypothetical efficiently designed new entrant network [Cave2004]. The costs of the

individual network component are calculated, annualized and finally allocated to various components,

services including the interconnection [Floo1975].

In 2000, the Europe Economics' Consulting Firm conducted the interconnection cost study for the

British telecommunications networks using the bottom-up LRIe model. The model calculates the total

operating costs per component; total capital costs per component, total costs per component and total

traffic throughput per component and unit component costs in euro per minute (see TableS.3). All costs

were in Euros. The model aggregated appropriately the unit component costs in euro per minute

andformed threedifferent categories of interconnection costs(see TableS.4)
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T bl 53 U .a e . . D1tcomponent costs in cents of euro per minute [Euec2002]
Network Total Total Total Traffic Unit

components operatin capital costs per through compone
g costs costs per network put in nt costs
per network element million in euro

network element in minutes per
element in euromilli per minute
in euro euromilli on network
million on element

Remote 154 255 409 2,555.36 0.16
switching
units (RSU)
Local 185 255 440 2,607.83 0.17
exchanges
(LE)
Tandem 51 94 145 1,606.71 0.09
exchanges
(TE)
Remote to 280 387 667 3,557.81 0.19
local
transmission
links(RSU-
LE)
Local to 135 176 311 2,774.56 0.12
tandem
transmission
links (LE-
TE)
Inter- 150 279 429 1,021.43 0.42
tandem
transmission
links (TE-
TE)

Table 5.4.Averae:e interconnection costs in euro per minute lEuec_,_20021
Typesof Unit interconnection cost Interconnection costs

interconnection equations in euro per minute
Local level LE+(LE-RSU)+RSU 0.52

Single tandem TE+(TE-LE)+LE+(LE- 0.73
RSU)+RSU

Double tandem TE+(TE- TE)+ TE+(TE- 1.24
LE)+LE+(LE-RSU) +RSU

The interconnection costs per minute for the local level, single tandem and double tandem also matched

withthe EU recommended benchmarked interconnection rates as per table 1.1.
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The Europe Economics' model notations for the network components are different from the BT's

model notation. The Europe Economics' model notation does not distinguish the transmission

component costs between the link and length because the length costs is assumed negligible. The

notations combine together the transmission length and link into one transmission cost component. As

a result, the Europe Economics' model used only six components:

• RCU Remote concentrator units;

• LE local exchanges;

• TE Tandem exchange;

• LE-RCU Local exchange to remote concentrator unit transmission links;

• TE-LE Tandem exchange to local exchange transmission links;

• TE- TE Tandem exchange to tandem exchange transmission links.

The interconnection costs derived from the Europe Economics' bottom-up LRIC model were not

transparent and detailed as compared to BT's model.

S.3.Comparison Omottom-up and Top-down Cost Modeling Approaches

This Section presents comparison of advantages and disadvantages between the bottom-up and top-

down cost modelingapproaches(see Table5.5). These are the two currently used cost modeling

approaches.

Table 5.5. omparrsen 0 ottom-up an top- own cost mo e ne: approae es
Top-down modeling Bottom-up modeling

Advantages • Can model costs that an • Incorporatesactualcosts;
efficient entrant would • Useful for testing results
face; from bottom -up model;

• Flexible- can change • May be faster and less costly
assumptions readily; to implement.

• Transparent-much of the
information used is
publicly available.

Disadvantages • May optimise "to much" • Includes the finn actual costs
or omit costs; and so are likely to

• Modelling of Operating incorporate inefficiencies;
Expenditure (OPEX) is • Less transparent-
usually based on simple Confidentiality issues mean
margin; other stakeholders may not

• The modelling process have access to information
can be time-consuming used;
and expensive. • Data may not exist in the

required form.

C fb d d dli h
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5.4. Conclusion

The existing generic bottom-up and top-down LRIC models developed by the Europe Economics and

British Telecommunications Limited Company respectively have been reviewed by identifyingmore

accurate methodsforthe interconnection cost estimation. The analysis of the framework, relevant cost

components and design details for the interconnection cost models have been identified by reviewing of

these generic cost models. The top-down and bottom-up cost modelingapproaches have been presented

and compared with each other.

The BT top-down LRIC modelingapproachhas been selected as a suitable cost model for the case

study based on the results obtained from the comparative analysis of the above mentioned generic cost

models and formed basis for collection of the data required for the case study.
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Chapter 6.Analysis Of Interconnection Cost ModelsFor Tanzania

This Chapter presents the analysis of the interconnection cost models that can be adapted and applied in

the Tanzania telecommunications markets. These models intend to serve as tools for enabling

telecommunications regulators and operators in Tanzania to estimate efficiently the fixed and mobile

interconnection costs. The analysis of the interconnection cost models includes the following:

• Adaptation of the interconnection cost model;

• Defining Traffic throughput; ;

• Network costing;

• Traffic throughput calculations;

• Interconnection cost modeling;

6.1. Adaptation Of The Interconnection CostModel

This Sectionexplains adaptation of the interconnection cost model suitable to the Tanzania case study:

• The adapted interconnection cost model;

• Components of the adapted interconnection cost model;

• The cost function of the adapted interconnection cost model;

6.1.1. The Adapted Interconnection Cost Model
The BT's telecommunications network design and architecture of a two level switching network

hierarchy, interconnection models and components and services delivery are similar or very close as in

Tanzania. Therefore, the BT's interconnection cost models can be used and adapted to the Tanzania

case study.

6.1.2. Components Offhe AdaptedInterconnectionCostModels
The Tanzania telecommunications networks were mostly designed by microwave radio links and not

optical fiber systems like in the case of the BT's telecommunications networks. The Tanzania

telecommunications networks lack of infrastructural related components (ducts, trenches) of optical

fiber installations. Therefore, only sixout of nine components of the BT's interconnection cost models

can be used and adapted to the Tanzania case study. The rest of the three components are related to

infrastructure,andthey cannot be used and adapted to the Tanzania case study (see Table 6.1).
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Table 6.1. Adapted components to the Tanzania case study
cost modelTANZANIA CASE STUDY: ADAPTED DT's Interconnection

COMPONENTS components

RSU Remote Switching Units;

LE Local Exchange;

RSU Remote Switching Units;

LE Local Exchange;

TE Tandem Exchange; TE Tandem Exchange;

LE-RSU(li) Local Exchange to Remote LE-RSU(li) Local Exchange to Remote

Switching Unit transmission link; Switching Unit transmission link;

TE-LE(li) Tandem Exchange to Local TE-LE(li) Tandem Exchange to Local

Exchange transmission link; Exchange transmission link;

TE-TE(li) Tandem Exchange to Tandem TE-TE(li) Tandem Exchange to Tandem

Exchange transmission link. Exchange transmission link

LE-RSU(le) Local Exchange to Remote

Switching Unit transmission length;

TE-LE(le) Tandem Exchange to Local

Exchange transmission length;

TE-TE(le) Tandem Exchange to Tandem

exchange transmission length.

6.1.3. Cost FunctionOf The Adapted Interconnection Cost Model
The interconnection costs are a function of the direct and attributable network related costs, cost of

capital (Weighted Average Cost of Capital abbreviated as WACC) and duration of services in terms of

traffic throughput in minutes [ITEU2006]. This function can be expressed mathematically as follows:

• ICm I(NRC, WACC,TTm) (6.1)

whereICm is the interconnection costs per minute, NRC is the network related costs, WACC is the

Weighted Average Cost of Capital and TTm is the Traffic Throughput in minutes. The details of

analysis of the interconnection costsarepresented from Sections 6.2-6.4 below:

6.2. Defining TrafficThroughputs
This Section defines the traffic throughputs offered by different services. These definitions form the

basis to estimate the interconnection costs. The defmitions include the following:

• Current traffic throughput in calls,

• Current traffic throughput in minutes,

• Expected traffic throughput in calls,
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• Expected traffic throughput in minutes

• Interconnect traffic throughput in calls,

• Interconnect traffic throughput in minutes,

• Total traffic throughput in calls, and

By defining the traffic throughput, the interconnect traffic throughput can be expressed as a proportion

of the total traffic throughput[Thom2003]. This proportion can be used to find the additional costs

incurred to build the physical components (switching and transmission) required to handle the

interconnect traffic throughput [Jung,2007] as presented in this Chapter. The additional costs

(avoidable costs) required per minute interconnect traffic throughput is referred to as the

interconnection costs [Jung,2008]. These costs for the five competitive operators are calculated and

presented in this Chapter.

6.2.1. Current Traffic Throughput in Calls
Definitions for the formulae describing current traffic throughput in calls are taken from [Euec, 2002].

Current traffic throughput in calls on the conveyance network is equal to total number of call attempts

that engage the conveyance network. Total call attempts is the sum of successful and billed calls, and

unsuccessful calls.

The current traffic throughput in calls can be defined as follows:
m n

CTc= L Sci+L Ucj
;=1 j-I

(6.2)

where CTc is the current traffic throughput in calls, Se is the successful and billed calls, Uc is the

unsuccessful calls, i is a call type, m is number of successful calls and n is number of unsuccessful

calls. Successful and billed calls i=I to m clergy number of successful calls; j=l to n number of

unsuccessful calls.

Unsuccessful calls Uc can be expressed as a proportion of successful and billed calls Se as follows

Uc =kSc (6.3)

where k is a factor of unsuccessful calls.

Therefore, the current traffic throughput in calls, CTc is defined by the following formulae:
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m

CTc= L (Sci + kSci) (6.4)
;=1

m

CTc= L Sci (1+ k) (6.5)
;=1

K depends on number of successful calls i.e. how large iis.

6.2.2. Current TrafficThroughput in Minutes
The current traffic throughput in minutes can be defmed in terms of successful and billed calls (in

minutes), unsuccessful calls in minutes plus holding time (call set up) (in minutes) as follows [Euec,

2002]
n

CTm= ~ (Smi+ Umi+Hmi)

where CTm is current traffic throughput in terms of minutes switched, Srn is successful and billed calls

(6.6)

in minutes switched, Urn is unsuccessful calls in minutes, Hm is holding time (in minutes).

The current traffic throughput in minutes can be expressed in terms of successful and billed calls as

follows
n

CTm= ~ Smi+ pSm+qSm

wherepSm is unsuccessful call attempts in minutes expressed as proportion of successful and billed

(6.7)

minutes; qSm is holding time in minutes expressed as proportion of successful and billed minutes.p and

q depend on i a time n

6.2.3. Expected TrafficThroughput in Calls
Expected traffic throughput in calls, ETc, is defmed as the current traffic throughput in calls plus

margin for growth Mc for the operator's own traffic [Euec,2002]. During the state owned Posts,

Telephones and Telegraph (PTT) monopoly era, the telecommunications networks were defined to

carry only the expected traffic throughput. That is, to carry the traffic throughput belonged to the state

owned telecommunication networks, because there was not any other operator in the market.

With the advent of the liberalization of the telecommunications market, more telecommunications

network operators came in the market; therefore, interconnection of telecommunications networks was

necessary and the state owned telecommunications
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networks had to define additional traffic throughput apart from the expected traffic throughput to

handle the traffic throughput from other telecommunications network operators. The additional traffic

throughput is now referred to as the interconnect traffic throughput. Therefore, the expected traffic

throughput does not include the interconnect traffic throughput. The expected traffic throughput in calls

can be expressed in terms of the current traffic throughput in calls as follows

ETc=CTc+Mc (6.8)

whereETc is the expected traffic throughput in calls ,Mc is margin of growth and it can be expressed as

a proportion of expected traffic throughput in calls as follows

Mc=wCTc (6.9)

where w is a factor of the margin of growth of calls.

ETc= CTc+wCTc (6.10)

Therefore, the expected traffic throughput in calls ETc, can be expressed as follows

ETc= CTc (l+w) (6.11)

6.2.4. Expected TrafficThroughput in Minutes
Similarly, the expected traffic throughput in minutes can be expressed as follows;

ETm = CTm (1+z)

Where z is a factor of the margin for growth in minutes.

(6.12)

6.2.5. Interconnect TrafficThroughput in Calls
The interconnect traffic throughput in calls ITe is a proportion (variation) of the expected traffic

throughput in calls ETc [Thorn, 2003] and can be expressed as follows:

ITc = pETc (6.13)

where p is a factor of the interconnect traffic throughput in calls and ITc is the interconnect traffic

throughput in calls.

6.2.6. Interconnect TrafficThroughput in Minutes
Similarly, the interconnect traffic throughput in minutes is also a proportion of the expected traffic

throughput in minutes ITm and can be expressed as follows:

ITm=qETm (6.14)

where q is a factor of the interconnect traffic throughput in minutes and ITm is the interconnect traffic

throughput in minutes. The constant proportionality (q factor) of the interconnect traffic throughput can

be expressed in terms of interconnect and expected traffic throughput as follows:
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q =ITmlETm (6.15)

6.2.7. Total TrafficThroughput in CaUs
The total traffic throughput in calls is the sum of the expected traffic throughput in calls ETc, and

interconnect traffic throughput in calls ITc. It can be expressed in terms of expected traffic throughput

in calls as follows:

TTc = ETc +pETc

TTc = ETc (l+p)

whereTTc is the total traffic throughput in calls

(6.16)

(6.17)

6.2.8. Total TrafficThroughput in Minutes
The total traffic throughput in minutes is the sum of the expected traffic throughput in minutes ETm,

and the interconnect traffic throughput in minutes ITm. It can be expressed in terms of the expected

traffic throughput in minutes as follows:

TTm = ETm+qETm

TTm = ETm (1+q)

whereTTm is the total traffic throughput in minutes

(6.18)

(6.19)

6.3. Network Costing

This Section shows the analysis of the total direct and attributable annual costs, which represent the

LRIC value and forms the basis for estimating the interconnection costs. The Tanzania

Communications (Interconnection) Regulations [TCRA2005] require the interconnection charges be

based on LRIC.This analysis includes the following:

• Network related costs,

• Weighted Average Cost of Capital (WACC),

• Total direct annual costs.

6.3.1. Network Related Costs
The Network Related Costs (NRC) can be calculated by adding the annualized network related Capital

Expenditures (CAPEX) and network related Operating Expenditures (OPEX) per year and can be

expressed as follows [EURG2008]:

NRC = Annualized CAPEX +network related OPEX per year (6.20)

where CAPEX is the Capital Expenditures and OPEX is Operating Expenditures per year. The CAPEX

is a stock entity whose value is used over several fmancial years
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[OlseI996,Cric2007]. Therefore, the CAPEX values should be annualized to obtain the annualized

CAPEX (annual capital cost).

The annualized CAPEX is obtained by multiplying the CAPEX by the by the annualization factor using

the following formula [NITA2007a,NITA2007b]:

i(1+iy
Annualized CAPEX = CAPEX X n

(1+ i) -1
(6.21)

i(1+ iy
where n represents the annualization factor, i is the market interest rate

(1+ i) -1

and n is the useful working life of the asset. In this case, the assets considered are traffic sensitive,

which have maximum useful working life n of 15 years [Gill et al 2004]. The average market interest

rate i for 2007, 2008 and 2009 taken from the central Bank of Tanzania is i=5.92% [Bota2011].

Therefore, the value of the annualization factor is given below:

15
0.0592(1.0592 )

15 = 0.102425
(1.0592) -1

The annualized CAPEX can be calculated by multiplying the CAPEX by the annualization factor

0.102425. It takes into account of the opportunity cost of CAPEX and depreciation of assets. The

CAPEX sourced from the five competitive operators' annual audited accounts (Vodacom, Zain, TIGO,

Zantel and TICL) for 2007, 2008 and 2009 are annualized to get the annualized CAPEX (see

Table6.2). Details of the calculations of the annualized CAPEX are presented in Appendix C. However,

the operators' annual audited accounts are consolidated (not in details)unlike the accounts from the

British Telecommunications Company Limited showing the costs and traffic throughput in minutes per

component as presented in Table 5.1.

The network related OPEX is a flow entity whose value is used within the financial year[Bare2004].

The network related OPEX includes operation and maintenance costs. These

costs are added wholly to the annualized costs. The operational costs are those costs, which are

necessary to run the network:

• Electricity, network monitoring and control functions.

The maintenance costs are costs that keep the network running:
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Site visits, Repair, replacement parts and Vehicles for inspection trips.

Data collection was difficult exercise.

T bl 62 A liz d CAPEX r th fi t't' ta e .• nnua e or e rve compe live opera ors
CAPE X in Annualized
Tanzania CAPEX =

Operator Year shillings (million) CAPEX
sourced from the 0.102425

operator's Tanzania
audited annual shillings (million)

accounts
Vodacom 2007 302,133 30,945.97

Vodacom 2008 364,052 37,288.03

Vodacom 2009 491,689 50,361.23

Zain 2007 342,404 35,070.73

Zain 2008 511,882 52,418.35

Zain 2009 525,098 53,783.16

TIGO 2007 151,773 15,545.35

TIGO 2008 317,028 32,471.59

TIGO 2009 415,236 42,530.54

Zantel 2007 33,303 3,411.06

Zantel 2008 103,493 10,600.28

Zantel 2009 116,204 11,902.19

TTeL, 2007 134,030 13,728.02

TTeL, 2008 117,407 12,025.41

TTeL, 2009 99,102 10,150.52

One of the most delicate areas is the estimation of the network related aPEX. The model suggests the

application of the international best practice proportion (factor) of the annualised eAPEX to represent

the aPEX as follows:

OPEX = k x AnnualizedCAPEX (6.22)

where k is a proportion of the annualised eAPEX.

The international best practice proportion of the efficient network related aPEX ranges from 3% to 5

% of the annualized eAPEX [Gill2004 et al,Jain2006]. This model takes the highest international best

practice proportion of the network related OPEX of 5% of the
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annualized CAPEX in order to recover back the high running costs of the sites in the rural areas.

In Tanzania, most of the sites in the rural areas lack electricity from the national grid, and they run on

diesel generators, which increase the operating costs. The maintenance costs of the sites in the rural

areas are also high. The network related OPEX can be calculated by multiplying 5% by the annualized

CAPEX of each of the five competitive telecommunications network operators for 2007-2009 (see

Table6.3)

Then, the Network Related Costs (NRC) can be calculated by adding the annualised CAPEX to the

Network related OPEX and can be expressed as follows:

NRC =Annualised CAPEX + Network related OPEX (6.23)

Table 6.3. Network related OPEX derived from the annualized CAPEX
Operator Year Annualized CAPEX Network related OPEX in

in Tanzanian shillings Tanzanian shillings (millions) =5%

(millions) multiply by the annualised CAPEX

Vodacom 2007 30,945.97 1,547.30

Vodacom 2008 37,288.03 1,864.40

Vodacom 2009 50,361.23 2,518.06

Zain 2007 35,070.73 1,753.54

Zain 2008 52,418.35 2,620.92

Zain 2009 53,783.16 2,689.16

TIOO 2007 15,545.35 777.27

TIGO 2008 32,471.59 1,623.58

TIOO 2009 42,530.54 2,126.53

Zantel 2007 3,411.06 170.55

Zantel 2008 10,600.28 530.01

Zantel 2009 11,902.19 595.11

TICL 2007 13,728.02 686.40

TICL 2008 12,025.41 601.27

TICL 2009 10,150.52 507.53

From equation 6.3 and 6.4, the NRC can be expressed m terms of annuahsed CAPEX as follows:

NRC = Annualised CAPEX +k annualised CAPEX (6.24)
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NRC = Annualized CAPEX (1+k) (6.25)

Given k =5%, the network related annual costs for the five competitive network operators for 2007-

2009 are calculated (see Table6.4)

Table 6.4.Network related annual costs for the five competitive telecommunications network
t ~ 2007 2009opera ors or -

Operator Year Annualized Network related annual
CAPEX in costs= 105% multiply by the
Tanzania annualized CAPEX in
shillings Tanzania shillings (millions)
(millions)

Vodacom 2007 30,945.97 32,492.25

Vodacom 2008 37,288.03 39,152.43

Vodacom 2009 50,361.23 52,879.29

Zain 2007 35,070.73 36,824.26

Zain 2008 52,418.35 55,039.26

Zain 2009 53,783.16 56,472.32

TIGO 2007 15,545.35 16,322.62

TIGO 2008 32,471.59 34,095.17

TIGO 2009 42,530.54 44,657.06

Zantel 2007 3,411.06 3,581.61

Zantel 2008 10,600.28 11,130.29

Zantel 2009 11,902.19 12,497.30

TTCL, 2007 13,728.02 14,414.42

TTCL, 2008 12,025.41 12,626.68

TICL, 2009 10,150.52 10,658.05

6.3.2. The Weighted Average Cost of Capital (WACC) Evaluation

The major sources of the operators' capital are shareholders' equity and debt [Gill et aI2004]. These

two major sources of capital are weighted together to get the Weighted Average Cost of Capital

(WACC) for the company. This WACC is the minimum return to the shareholders' equity and interest

on debts. The WACC contributes directly to the provision of the components. Therefore, it is an input

to the interconnection costs beside the network related costs calculated in Table 6.4. The current

regulations [Tcra2005]
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specify for the use of the pre-tax Weighted Average Cost of Capital (WACC) to regulate the

interconnection costs. Thepre-tax is calculated as follows [NITA2007a,NITA2007b]:

D E
Pre-tax WACC= Cdx D+E+Cex D+E (6.26)

where:
• Cd = Cost of debt),

• Ce = cost of equity,

• E = Equity,

• D = Debt,

• D/(D+E) = percentage of debt financing (Gearing),

• E/(E+D)= percentage of equity financing.

Operators' financing structure in terms of equity and debt sourced from five competitive operators'

annual audited accounts for 2007-2009 (see Table 6.5)

Generally, the demand for return on equity capital is higher than the demand for return on debt capital.

An increasing gearing will lead an increasing debt risk premium as creditors demand a higher interest

rate if there is less certainty in getting repaid.

Therefore, in financial theory it is assumed that an optimum financing structure, that minimizes the cost

of capital, actually exists [Dimson et al 2002]. This is called target gearing. The international best

practice target gearing is 40% [Gill et al 2004]. The model takes the international best practice target

gearing (% debt financing) of 40%.

T bl 650 'fi f Ii 20072009a e .. 'perators Inancmg structure In terms 0 equity and debt or -
Operator Year Total Equity Total Total % of debt %of

(E) in TZS Debt(D) Capital financing equity
million in TZS (D+E) in D financing

million TZS (D+E) E
million (D+E)

Vodacom 2007 166435 142594 309029 46 54

Vodacom 2008 191144 88924 280068 32 68

Vodacom 2009 158454 160207 318661 50 50

Zain 2007 153124 46216 199340 23 77

Zain 2008 201271 269915 471186 57 43

Zain 2009 194714 264071 458785 58 42

TIGO 2007 44855 40507 85362 47 53

TIGO 2008 45662 209556 255218 82 18
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TIGO 2009 52527 261609 314136 83 17

Zantel 2007 21,239 51,532 72,771 71.0 29.0

lantel 2008 1,700 160,601 162,301 99.0 1.0

lantel 2009 (58,440) 265,063 206,623 128.3 -28.3

TIeL 2007 99685 4250 103935 4.0 96.0

TIeL 2008 58393 5123 63516 8.0 92.0

TTeL 2009 39343 6128 45471 13.0 87.0

The cost of debt Cdcan be expressed as follows [Gille et a12004]:

Cd = (J-Tc) x (Rf+ Rd) (6.27)

whereTcis the corporate tax, Rfis the risk free rate of return, and Rd is the company's debt premium.

the Tanzanian corporate tax (Tc)is 30% [Trev006]. The risk free interest rate Rfisusually taken of that

of a long-term government treasury bond. In this study a ten-year government treasury bond issued by

the Bank of Tanzania (BoT)with a risk-free interest rate of7.75% has been used [Bota2011]. Generally,

the debt premium Rdincreases with the rate of gearing. The debt risk premium increases to around 2-

3% at a gearing of 40%. Therefore, the study has used the debt risk premiumRdof 2.5% at a gearing of

40%.

Based on equation 6.27 the cost of debt Cdcan be estimated as follows [Gille2004 et all:

Cd = (1- 0.3) x (7.75%+2.5%) = 7.18%

The cost of equity, Cecan be calculated using the Capital Asset Pricing Model (CAPM) as follows

[Gille et a12004]:

Ce=Rf+ px Re (6.28)

where P is the risk factor of the telecommunications sector and Re is the equity risk premium.

The last interconnection cost study considered the funding risk perspective and chose the p value of 1.2

for all companies in Tanzania. The choice was made by evaluating several studies done by the

European Regulatory Group (ERG) that the value of the beta varies quite widely in the world, ranging

from 0.8 to 1.6 [EURG2008]. Therefore, this study adopted the beta value of 1.2; that is, the middle

point of the range (0.8-1.6).
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No operator provided the equity risk premium, Re,in the annual audited accounts. However, the most

recent studies done by Dimson in 20020f investment returns over 101 years from 1900 to 2000

estimated that the forward-looking equity risk premium, Refor the world is equal to 3% (geometric

mean) and a little bit than 4% (arithmetic mean). This study used the equity risk premium, Reof 3.75%

within the range of the result of the Dimson's study.

Based on equation 6.28, the cost of equity, Cecan be calculated as follows:

Ce = 4.15% + (1.2 x 3.75%) = 8.65%

Based on equation 6.26, the pre-tax WAee for the five competitive telecommunications network

operators for 2007-2009 can be calculated (see Table6.6)

Table 6.6.Pre-tax WACe for tbe five competitive telecommunications network operators for
2007-2009.

Operator Year CX D CX E
Pre-tax WACC= d D+E+ e D+E

Vodacom 2007 7.97%

Vodacom 2008 8.18%

Vodacom 2009 7.91%

Zain 2007 8.3%

Zain 2008 7.81%

Zain 2009 7.79%

TIGO 2007 7.95%

TIGO 2008 7.44%

TIGO 2009 7.43%

Zantel 2007 7.61%

Zantel 2008 7.19%

Zantel 2009 6.76%

TIeL 2007 8.59%

TIeL 2008 8.53%

TIeL 2009 8.46%

The WAee can be expressed as a proportion of the annualized CAPEX as follows:

WACC = p AnnuaiisedCAPEX (6.29)

where p is a constant of proportionality or coefficient of the annualized eAPEX
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6.3.3 Total direct Annual Costs

The total direct annual cost is the sum of the network related costs and the pre-tax WACC. From

equation 6.5, 6.6 and 6.10 the total direct annual cost can be expressed in terms of the annualized

CAPEX as follows:

TDAC=AnnualizedCAPEX +

TDAC= (l+k+p) x AnnualizedCAPEX

(6.30)

(6.31)

where TDAC is the total direct annual costs, p represents different values of the WACC, k is 5% from

equation 6.6. The TDAC is calculated and presented (see Table6.7 and Fig. 6.1).

Table 6.7.Total direct annual costs for the five competitive telecommunications network
t ~ 20072009opera ors or -

Operator Year Annualized WACC Total direct annual costs (TDAC)
CAPEX (P) in TZS (million)

in TZS (millions) = (1.05 +p) of the annualized
CAPEX

Vodacom 2007 30,945.97 7.97% 34,959.66

Vodacom 2008 37,288.03 8.18% 42,202.59

Vodacom 2009 50,361.23 7.91% 56,862.86

Zain 2007 35,070.73 8.3% 39,735.14

Zain 2008 52,418.35 7.81% 59,133.14

Zain 2009 53,783.16 7.79% 60,662.03

TIGO 2007 15,545.35 7.95% 17,558.47

TIGO 2008 32,471.59 7.44% 36,511.06

TIGO 2009 42,530.54 7.43% 47,817.09

Zantel 2007 3,411.06 7.61% 3,841.19

Zantel 2008 10,600.28 7.19% 11,892.45

Zantel 2009 11,902.19 6.76% 13,301.89

TTCL, 2007 13,728.02 8.59% 15,593.66

TTCL, 2008 12,025.41 8.53% 13,652.45

TTCL, 2009 10,150.52 8.46% 11,516.78
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6.4. Traffic Throughput Calculations

This Section shows the calculations of the following:

• Interconnect traffic throughput in minutes;

• Total traffic throughput in minutes offered by all call types supported by the

telecommunications conveyance network.

-------_._._-_._._ .._._.__ _ _ ......•......•. _._ .._ -._ _._ - ,,_ .

~Zante;
__ TIel

Total Direct Annual Costs (TDAC)

-. -- -- -- -------- ----

50,000_00

___ vodacom

....... zatn

__ TIGO

30,000.00

10,000.00

0.00 .-- -_ .. - -." .•- .-- .•.-_.- .•-.--- --.-.- --.- .•....~ •........--.- .•.•.............- ....•.....".- .....•.•..•.•.- - .•.......•.......•......•....

2007 2008 2009

Figure 6.1. Total direct annual costs for five competitive operators for 2007-2009

6.4.1. Interconnect TrafficThroughputin Minutes Calculations
The British Telcoms in the United Kingdom report their annual financial statements with traffic

throughput including interconnection. In the case of Tanzania, the telecoms operators report their

annual financial statements without the traffic throughput. Therefore, it is not possible to get directly

the interconnect traffic throughput from the financial statements. In this situation, the research suggests

to calculate the interconnect traffic throughput by dividing the interconnect annual revenue sourced

from the operators' annual audited accountsfor 2007-2009 by the interconnection chargesper minute set

by the
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Regulator (see Table 6.8).Figure 6.2 presents the annual interconnect traffic throughput for the five

competitive telecommunications network operators for 2007-2009

Table 6.S.Annual interconnect traffic throughput in minutes for five competitive telecoms
k r 20072009networ operators or - .

Operator Year Interconnect Interconnectio Interconnect
annual revenues n charges per traffic
sourced from minute throughput

operators' annual collected from (lIm) in
audited accounts the Regulator minutes
in Tanzanian in Tanzanian (million) per

shillings (million) shillings operator for
2007-2009

Vodacom 2007 42,610 100 426.10

Vodacom 2008 55,512 97.8 567.61

Vodacom 2009 48,751 91.25 534.25

Zain 2007 43,530 100 435.30

Zain 2008 42,707 97.8 436.67

Zain 2009 30,467 91.25 333.88

TIGO 2007 2,021 100 20.21

TIGO 2008 3,151 97.8 32.22

TIGO 2009 4,554 91.25 49.90

Zantel 2007 15,948 100 159.48

Zantel 2008 14,948 97.8 152.84

Zantel 2009 12,469 91.25 136.64

TIeL, 2007 3,481 100 34.81

TTeL, 2008 5,525 97.8 56.49

TTeL, 2009 1,943 91.25 21.29

6.4.2. Total TrafficThrougbputin Minutes Calculations

It should be noted that the TeRA (Regulator) started collecting the traffic throughput in minutes only

from 2007 by the request of this research project, when started the data collection. Since 2007, all

operators have been reporting to the Regulator on quarterly basis the traffic throughput in minutes per

call type and published in the TeRA, website
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(httpllwww.tcra.go.tz). From this website, the total traffic throughput for all call types per operator for

2007-2009 were collected and presented (see Table 6.9 and Figure 6.3).

__ Zantcl

Interconnect traffic throughput (ITm) in minutes (million) per
operator

Traffic
(Million
Minutes)

........ vodacorn

-1+-TIGO

~oo +--------------------------------------------------

200 !

looi

~ : ;
....... -.~.-.- - -.- ..-." - _ _ _ _ _ _._ _.......... .

o +'------------------------~----------------------~
2007 2008 2009

Year

Figure 6.2. Annual interconnect traffic throughput in minutes for five competitive telecoms
network operators for 2007-2009

6.5. CostEstimation
This section estimates the following:

• Interconnection costs;

• Unit interconnection costs.

6.5.1. Interconnection cost estimation
In essence, the interconnection costs, are the costs incurred to provide physical network capacity

(switching and transmission components) of the core telecommunications networks required to

terminate (handle) the interconnect traffic throughput[Thom, 2003]. We suggest estimating the

interconnection costs from the cost to volume of traffic functional relationship (as expressed

mathematically in equation 6.32) as a proportion to the total direct annual costs, where the constant
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of proportionality is the ratio of the interconnect traffic to the total traffic (ITmlTTm) (see equation

6.32).

Table 6.9.Total traffic throughput in minutes for the five competitive telecommunications
k ~ 20072009networ operators or - .

0 Yea Outgoing Outgoing Incoming Incoming Total
p r call traffic call traffic in call traffic call traffic traffic
e in minutes minutes to in minutes in minutes throughput
r to own and other from own from other in minutes
a other networks- and other networks- (TTm) for
t networks- International networks- Internationa all call
0 domestic domestic I types per
r year

Vod 2007 378,154,725 41,694,741 1,070,377,31 52,977,344
a 1 1,543,204,1

21
2008 373,332,678 79,007,548 2,167,652,78 93,986,105 2,713,979,1

6 17
2009 2,855,439,6 37,837,248 192,513,518 63,181,835 3,148,972,2

34 35
Zai 2007 380,702,211 31,721,421 939,231,534 72,139,782
n 1,423,794,9

48
2008 347,966,211 34,946,811 1,461,743,32 66,146,066

1 1,910,802,4
09

2009 2,242,709,0 26,539,869 161,285,578 37,962,912
15 2,468,497,3

74
TIO 2007 178,864,162 10,591,068 570,641,747 7,289,577
0 767,386,554

2008 215,054,418 13,638,750 1,622,360,05 5,796,883
I 1,856,650,1

02
2009 2,277,959,3 12,012,641 144,865,412 29,799,583

31 2,464,636,9
67

Zan 2007 80,454,687 11,398,013 172,747,197 5,870,407
tel 270,470,304

2008 100,728,824 17,434,537 363,782,617 16,137,833
498,083,811

2009 412,177,788 9,763,219 30,621,782 15,801,378
468,364,167

TT 2007 111,910,911 16,517,033 23,664,379 78,787,682
CL 230,880,005

2008 129,741,697 15,171,255 43,325,245 89,153,974
277,392,171

2009 78,512,224 9,818,442 15,825,876 41,967,653
146,124,195
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Table 6.9shows that there was tremendous increase of domestic outgoing call traffic in minutes to all

mobile operators in 2009 due to reduction of tariffs through marketing promotion caused by stiff tariff

competition. The reduction of the tariffs in the mobile communications networks enabled people to

communicate more in the mobile communications networks than in the fixed telecommunications

networks and caused decrease of the domestic outgoing call traffic in minutes in the fixed

telecommunications market.

ITm
IC=TDAC (TTm) (6.32)

Where ICis the interconnection costs, TDAC is the total direct annual costs, ITmis the interconnect

traffic throughput in minutes and TTmis the total traffic throughput in minutes.Based on the equation

6.32, the interconnection costsper operator for the five

competitive operators for 2007-2009 are calculated and presented (see Table6.10 and Figure 6.4).

Total traffic throughput in minutes for the five competitive telecommunications
network operators

3,500,000.000 r: .- - -.- ....•.....- - -.- ...•........- -.- .•.- .............•............-........•....""'''''''''t--------
2.so0.ooo,000 I

Traffic 2,000,000,000 ~

( Minutes) I
1,500,000,000 ~=--=:__.----~~-------------.-.---

..... vodacom

_2,in

_TIGO

~2antel
__ lTel

1,000,000,000

500'OOO'~ t=~-::--.:.:::::~~.~~-.~:~-.~-...=:==_.._=_.____=._ _=__=_.._=.""":
2007 2008 2009

Year

Figure 6.3. Total traffic throughput in minutes for all call types per operator telecommunications
network operators for 2007-2009
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Table 610 I t. n erconnec on cos s or e rve competitive operators or
Operator Year Interconnection costs in Tanzanian shillings
Vodacom 2007 9,652,845,611
Vodacom 2008 8,826,380,409
Vodacom 2009 9,647,269,232
Zain 2007 12,148,312,840
Zain 2008 13,513,520,880
Zain 2009 8,327,798,499
TIGO 2007 462,422,330.5
TIGO 2008 633,606,920.3
TIGO 2009 968,123,428.7
Zantel 2007 2,264,917,709
Zantel 2008 3,649,269,496
Zantel 2009 3,880,677 ,425
TTCL, 2007 2,351,071,088
TTCL, 2008 2,780,276,378
TTCL, 2009 1,677 ,971,579

ti t f th fi ~ 2007-2009.

16,000,000,000.00 .,.. ..- - .

6,000,000,000.00 +--------------------

::::.,...-..-....-..-:::--- ..-.-.-...--.... -......-......-.......-.......-.....-......-.......-......-....-..-:-.....--~-....-......-..._.-......-... -....-.......-......-.......-.......-......-.......-......-....-., -.........-..._--.

10,000,000,000.00 ±----------------~_..:---- --;;.-
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8,000,000,000.00 !_... , - "..
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....... Zain

TIS -.....
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_" Z.ntel

..... nCl
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Figure 6.4. Interconnection costs per operator for 2007-2009

100



6.5.2. Estimation of Unit and AveragelnterconnectionCosts

The unit interconnection costs per operator is obtained by dividing the interconnection costs by the

interconnect traffic throughput in minutes (see Table 6.11 and Figure 6.5). The average

unitinterconnection costs per operator for three years for the five competitive operators for 2007-2009

were calculated and presented (see also Table6.11 and Figure 6.)

Table 6.11.Unit interconnection costs per operator per year in TZS and average unit
interconnection costs for three years in TZS for the five competitive operators for 2007-2009

Operator Year Interconnection costs per minute Average unit interconnection

per operator per year in TZS for costs per operator in TZS for

2007-2009 2007-2009

Vodacom 2007 22.65

Vodacom 2008 15.55 18.75

Vodacom 2009 18.05 (mobile)

Zain 2007 27.90

Zain 2008 30.95 27.80

Zain 2009 24.57 (mobile)

TIGO 2007 22.88

20.65

TIGO 2008 19.66 (mobile)

TIGO 2009 19.40

Zantel 2007 14.20

Zantel 2008 23.88 22.16

Zantel 2009 28.40 (mobile)

TIeL 2007 67.54

TIeL 2008 49.22 65.19

TIeL 2009 78.82 (Fixed
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Interconnection costs per minute per year ~or the f'ive competitive
operators
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Figure 6.5. Unit interconnection costs per operator per year in TZS for 2007-2009
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The average mobile market unit interconnection costs and its percentage difference per year for 2007-

2009 were calculated and presented (see Table 6.12)

Zantel TIeLlain TIGO

Operators

Figure 6.6. Average unit interconnection costs per operator in TZS for 2007-2009
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Table 6.12. Average mobile market unit interconnection costs in TZS and its percentage
diff f, 200erence per year or 7-2009.

Year Regulator Operator Average Difference Percentage
Value Name Value Mobile market Difference
(TzS) unit

interconnection
costs

2007 100 Vodacom 22.65 21.91 78.09 356.41%
Zain 27.90
Tigo 22.88
Zantel 14.20

2008 97.8 Vodacom 15.55 22.51 75.29 334.47%
Zain 30.95
Tigo 19.66
Zantel 23.88

2009 91.25 Vodacom 18.05 22.61 68.65 303.60%
Zain 24.57
Tigo 19.40
Zantel 28.40

The unit interconnection costs per year, per operator for the four competitive mobile network operators

(Vodacom, Zain, TIGO and Zantel) for 2007-2009 ranged from Tanzanian shillings 14.20 to 30.95 with

average ranging from Tanzanian shillings 18.75 to 27.80. The average mobile market unit

interconnection costs per minute per year in Tanzanian shillings for 2007-2009 ranged from 21.90 to

22.60. These costs were fair and could be used to set for the cost based mobile interconnection charges.

The interconnection costs per minute for the fixed telecommunications network operator per year

(TIeL) for 2007-2009 ranged from Tanzanian shillings 49.22 to 78.82 with an average of Tanzanian

shillings 65.19. These costs were high; hence, they could not be used to set for the cost based fixed

interconnection charges. The high interconnection costs per minute were due to inefficient network

operations inherited from the monopoly era, and falling of the number of fixed subscribers due to

shifting of the subscribers from the fixed to the mobile networks. The shifting of the subscribers

resulted in the fixed networks with low traffic.The fixed interconnection costs per minutewere replaced

by the mobile interconnection costs per minute for setting the fixed interconnection charges per minute.

In fact, in January 2008, Tanzania replaced the high fixed interconnection costs by the competitive

mobile interconnection costs per minute for setting the fixed interconnection charge per minute. Hence,

the fixed and mobile interconnection charges per minute are aligned into single mobile interconnection

charges per minute. This means that Tanzania use the same interconnection charges per minute for both

fixed and mobile terminations. The regulation in fact was setting the interconnection charges per minute

in Tanzanian shillings as the following:
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• 2007

• 2008

• 2009

100.00

97.8

91.25

As can be seen, it was set far above the interconnection costs per minute obtained from the analysis of

the collected data as shown in Table6.11 and its percentage difference is too big as shown in table 6.12.

The Interconnection Regulations require the interconnection charges should be based on costs

[TCRA2005]. Although the Interconnection Regulations require the cost based interconnection

charges, the methodology to establish the required cost based interconnection charges is not yet

developed. As a result, the interconnection charges per minute were set arbitrarily far above the actual

costs. Therefore, this research provides the methodology to set the interconnection charges per minute

based on the costs. This methodology provides an additional knowledge to the field of

telecommunications regulations, which is a new field in telecommunications. Tanzania will review the

current interconnection charges in January 2013. Luckily, the process for the review has been started

using the knowledge acquired from this research project.

6.6. Conclusion

The chosen top down LRIC models developed by the British Telecommunications Company Limited

have been adapted to the case study by considering similarity of the telecommunications network

design and architecture. The total traffic throughputs in calls and minutes have been determined by

defining the current, expected and interconnect traffic throughput in calls and minutes. Calculation of

the annual interconnect traffic throughput in minutes per operator for 2007-2009 has been suggested in

this Chapter by dividing the interconnection revenue sourced from the operators' annual audited

accounts by the interconnection charges per minute set by the Regulator and presented in Table 6.8.

The total traffic throughput in minutes for all call types per operator has been calculated by adding the

historical traffic throughput in minutes for each call type collected from the Regulator as shown in

Table 6.9. The total direct annual costs have been calculated by adding the network related direct costs

and weighted average cost of capital. The interconnection costs for five competitive

telecommunications network operators for 2007-2009 have been estimated by using the cost to volume

of traffic functional relationship as presented in table 6.10. This relationship estimates the

interconnection costs as a proportion of the total direct annual costs and the ratio of the interconnect

traffic to the total traffic throughput in minutes is the constant proportionality (coefficient) of the

relationship.
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The interconnection costs per minute per operator for 2007-2009 and the average interconnection costs

per minute per operator for the same period for the five competitive telecommunications network

operators have been calculated and presented as shown in Table6.11. The average mobile market

interconnection costs per minute and its percentage difference for the four competitive mobile network

operators for 2007-2009 have been also calculated as shown in Table 6.12. The average mobile market

interconnection costs per minute per year for 2007-2009have been compared with the interconnection

charges per minute set by the Regulator for the same period and found that the Regulator has been

setting the interconnection charges over and above the average mobile interconnection costs obtained

from the analysis of the collected data.
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Chapter 7.Conclusions
In conclusion, the research has achieved the following:

• Current insufficient situation in interconnection regulations in Tanzania has been identified by

comparing the interconnection costs per minute obtained from the analysis of the collected data

and the interconnection charges set by the regulator and found a very big percentage difference;

• Architecture and topology of the interconnection of telecommunications networks in Tanzania

have been presented by identifying relevant interconnection types, interconnection components,

call types, and call route types and factors, which can be used for the interconnection cost

estimation methodology;

• Telecommunications developments in Tanzania have been described, by presenting historical

and current situations in terms of telecommunications network design and architecture,

operations, policies and regulations, which have not been stated earlier;

• Implementation of non-intemationalroaming for the first time in Africa and Middle East has

been described by presenting its charging principles, cost effectiveness, user-friendliness and

impacts on coverage expansion and subscriber penetration;

• The existing generic top-down LRIC cost models developed by the British Telecommunications

Limited Company have been reviewed and adapted to the Tanzania case study by considering

similarity of their telecommunications network design and architecture and interconnection

models and components;

• Conveyance's traffic throughputs have been modeled by defining current, expected,

interconnect and total traffic throughput measured in calls and minutes;

• The traffic throughputs for all call types measured in minutes (see table 6.9)have been

suggested to the Regulator in Tanzania for the first time by collecting them for the use of this

research and regulatory purposes;

• Interconnection cost estimationmethod has been suggested from the cost to volume of traffic

functional relationship by estimatingthe interconnect costs as a proportion of the total direct

annual costs where the constant proportionality is the ratio of the interconnect traffic

throughputin minutes to the total traffic throughput in minutes (see equation 6.32);

• Calculation of the interconnect traffic throughput has been suggested by dividing the

interconnection revenue sourced from the operators' annual audited accounts by the

interconnection charges set by the regulator;
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• The interconnection costs obtained from the research have been compared with the

interconnection charges set by the Regulator for 2007-2009 and found a big percentage

difference of greater than 300%;

• Research results have shown that the interconnection charges in Tanzania have been set over

and above the actual interconnection costs obtained from the collected data;

• The aim and objectives (see page 16) of this research project have been achieved by adapting

the chosen existing interconnection cost models to the Tanzania case study and specifying the

following particular objectives: identify accurate interconnection cost estimation methods;

establish cost based interconnection charges; introduce effective and reliable interconnection

charges.

• The 3 hypotheses (see page 17) have been proved "true":for the "hypothesis of the

interconnection cost estimation methods driving down interconnection charges" it was

confirmed true based on the results of the big percentage difference obtained from the

comparison between the interconnect costs obtained from the collected data and interconnection

charges set by the Regulator (see Section 6.5); for the "network related costs fonningthe cost

based interconnection charges" it was also confirmed true by showing that the network related

costs are function of the interconnection costs (see Section 6.1); for the "interconnect traffic

throughput in minutes attributing to the interconnection cost estimation methods" it was

confirmed true; by using it in the equation 6.32 for estimating the interconnection costs (see

Section 6.5);

• All 5 questions have been answered correctly as follows: "how objective and effective are the

current interconnection charges in Tanzania?" This question has been answered that they are

not objective and effective (see Section 6.5); "are they based on costs?" This question has been

answered that they are not based on costs (see also Section 6.5); "Can they be applied

universally?" This question has been answered that they cannot be applied universally (see

Section 6.1); "what changes should be applied, if any, for the interconnection charge estimation

method to particular regions/ market situations?" This question has been answered that changes

should be applied are telecommunications network design and architecture, interconnection

models and components (see Section 6.1); "How to develop the objective interconnection cost

estimation methods with the use of field data in a focused case study?"This question has been

answered to use the network related costs and interconnect traffic throughput in minutes (see

Section 6.3 and 6.5);

• Cost analysis and modeling of the Internet Protocol (IP) based packet switched Next Generation

Network (NON) has been identified for further work of study
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Appendix A.Network Costing
This Appendix shows calculations of the network related costs spread out over time through the

economic lifetime of the investment. These costs are calculated in present (current) value terms using

the discounted cost method[Gi1l2004]. The discounted cost method provides the present value of

annual costs from the base year of the component up to the end of the costing period. The costs for

each year are discounted to give the present value of annual costs of the component at the base year.

The algebraic sum of the discounted annual costs (annualized costs) gives the total discounted costs of

the component.

The total discounted costs of using the component for Nyears in the absence of technical progress can

be derived in terms of the discounted sum of the original investment, residue (resale) value, and

operating-maintenance cost as follows [Gill2004]:

C =1 + ~ In _ VN

N 0 :t(1+it (I+it

where CNis the total discounted costs of the component with the economic life of N years, n is the

(A.!)

current year, lois costs of the component paid in year 0 or the discounted sum in year 0 of the

component costs if they are spread over several years, Inis the operating-maintenance costs of year n,

n=I,2, ..., N andj, is assumed constant and equal atla, and VN is the resale or residue value in year N,

and Vo=lo.

Replacing the sum of the discounted factor f 1. by al'ito get the following formula [Gill2004]:
I (1+1t

aI' N 1 (I-it -1
I= ~ ( 1+ ir = i( 1+ i )N

(A.2)

Retaining the operating-maintenance cost In constant and equal at 0, eN can be simplified in terms of

laand N, as follows:

C -I +~ 10 VN
N- 0 £..J(l .)n -(1 .)N

n-I + I + I

(A.3)
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C - I + £ f 1 VN

N- 0 °f(1+it -(1+it

Substituting f 1. by of; giving the following formula:
I (1+ It

(A.4)

f _.N VN
CN=Io+ oW '- (l+it

The simplified CN is divided by the sum of the discounted factor f 1 to get the average
I (1+ it

(A.S)

discounted annual costs, which is known as the long run average incremental cost (LRAIC) as

expressed as follows[Gi1l2004]:

X - CN = CN =_L_+ fo- VN
N- f 1 OJN; OJNi (l+it

~(1+it

(A.6)

where the XN is the long run average incremental cost.

The XN can be expanded and simplified as shown in equations A.7 and A.8 respectively:

XN=_L_+lo- VN IofY; (l+i)N OJNi
(A.7)

_ 1 (l VNXN--N o· . N )+10
OJ; (I + I)

(A.8)

The average discounted annual costs correspond to LRAIC of the component in the absence of the

technical progress as stated in equation A.7 is the sum of the total investment less discounted residue

value, the whole discounted by phi (N,i), and the annual operating-maintenance cost [Gi1l2004].

When the technical progress is considered, the component is renewed or replaced before the economic

lifetime. The technical progress alters the component its initial costs, level of operating costs, and

service provision in terms of capacity and functionality. The replacement cost of the component is

based on the cost of the modem equivalent asset (MEA) with the same level of capacity and

functionality. The replacement cost factor of the component over time (every Nyears) can be expressed

as follows [Gi1l2004]:
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D = c~ eN + eN + + eN
N (1 + it (1+ ilN .... (1 + i)kN

wherelx, is the replacement cost factor of the component with the technical progress. The expression of

(A.9)

the DNindicates the sum of a geometric series, which can be simplified as follows:

D - eNN-
I- 1

(l+it

(A.IO)

The expression of the DN can be further simplified as:

D (l+iteN
N (1+iyN-l

The expression of the DN can be presented in terms of the annual discounted cost of the component in

(A.ll)

the absence of the technical progress as:

DN= XN/i (A.l2)

Procuring the component of identical age, or procuring a new component straight away can replace the

old component. The extra cost of renewing or replacing the old component by identical component of

the same age and characteristics before the economic lifetime N at year n and operating it at the same

discounted cost price from year n+ 1 to year Ncan be expressed as follows [Gil12004]:

Un + ± fk _ VN ± X N

(l+it k=n+I(1+i/ (l+it k=n+I(1+i/
(A.l3)

where Un is the discounted usage value before the renewal of the component, and it acts as the

discounted initial investment after the renewal of the component, fi is the discounted operating cost

after the renewal of the component, VN is the discounted resale value of the renewed component, and

XN is the annual equivalent cost of the renewed component.

The replacement cost can be presented in terms of economic depreciation as:

(A.14)

[THE END]
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