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ABSTRACT

Presently in Bangladesh. mobile phone service providers are playing a vital role in the
telecommumication services which is ultimately helping in total development of the country. Six
pperalors are in service now and more than 30 million subscribers are using this service. So 1t s

imporlant & maintain good quality of network for these operalors Lk make its custemers happy.

Brict discussion has been done on the different network elements through which mobile phone
network is cstablished. Different types of faults of G5M network system has been discussed lor
better understanding. All the faults have been calegoriced in 3 mujor [ypes. Besides, fault

management process has been described,

DifTerent Toral Quality Management tools bave been studied here. In control chart, 8 bypes of
different charls are there. It has been identified that all the conwrol charts are not applicable for the

analysis of this type of data.

Regional Q&M department of Gramegnphome is responaible lor maintaining the access network
through 6 regions. Author of this thesis 15 the head of Dhaka region. Two major KPIs of this
department — ong is the reduction of number of faults and anether is Lhe restoration of faults within

the shorest possible time (MTTR)

Analysis has been dome on the outage reports of this region for the period of 1% to 30" October,
2007, Through Parcto analysis, major focus argas have been found which will help the depanment
for setting the action plan to achieve the target with fewer cfforts. The two major KPls have been
analysed by C-chart analysis. Vhis showed the starus of the process- whether the svstem is in
control or nol, For the out of control process, through detail investigation, root cause has been

found,
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1.t BACKGROUND

CHAPTER 1
P —_— {) 9
INTRODUCTION |4 “i'{g

Telecommunication is playing a vital role in the development of Bangladesh tor the last
onc decade. Mobile phone service is playing the most vital role in this sector, Now maobile
phone scevices have reached even those parts of the country where electricny is not
available vet. People arc solely dependent on mobile phones for fulfillment of their

communication lacility.

Gramcenphone 15 the feading mobile phone seevice provider among the all mobile. PSTN
and Intermel Service Providers n Bangladesh L0 hay the widest network coverage, highest
number of subscribers and very good quality of network and customer service. Expansion
ol ils network occurred hugely in the last 3 vears among its 11 years in operation. Ar

present, it has base stations at more than 6000 locations all over the country.

Regional Operalion and Maintenance department of Grameenphone is responsible [or
keeping the base stativns working as well as provide better network for ifs customers
Custorners’ satisfaction depends on the availabihty and quality of network. It's a huge and

challenging Lask for this department ter meet the target.

To achicve the target, the whole GP network is being maintatned from 6 regional offices
considering the geographical sitlwalion and number of base stalions in cvery region.
Regional O&M Management has set some Key Terformance Indicators (Kl:’l) und working
process 0 maintain the target Two major KPIs are = Reduction in number of {aults and

restoration of Taults (MTTR) within the shoriest possible time,

Author of this thesis is heading vne of the & repions-Dhaka Analysis has been done here
un the netwotk owtage report for the period of 1% 10 30™ October 2007, Source of the dara
is the dailv outage reports published by Network Managemenl department  of
Crameenphone during this period. All the outage events of these 30 dayy have o be

comptled under ane sheet.




Faults have been caicgorized in 5 types- BTS Haidware, Exlernal and Internul Power, High
and Low capacity microwave, From the owtage reports. all the faults have been distributed
to these 5 calegorics as per process, Similarly, restoration time {MTTR) has been

calculated from the event and clear time,

RHigh nctwork availabulity is one of the major largels of a mebile operator. This 15 possible
il number ol laults cap be IImited 1o g centain level On the other hand, since there are lots
of cquipments and factors for which nctwork outage incidents are inevilable. Bul
availahility will be increased if faults as well as network can be restored within the shortest

possible of time,

Aim of my thesis 15 to see the stulus and analyze the performance of this department

regarding these two KPIs. Different methods of statistical process control have been used

for this purpuse.

1.2 OBJECTIVE WITH SPECIFIC ATM AND POSSIBLE OUTCOMES

The main objectives of this study arce:

» Swdy and analyze the two major KPIs of Regional Operation and rmaintenance
department.

»  Develop statistical Process control system for this department,

= ldentify and suggest lor emoving the root cuuses of ditferent types of problems,

The main outcomes of this study are:
s Check whether the system is under control or not regarding ne. of faults and period of
lault restoration,

»  Find out root cause incase of cul of control and recommendation.



L3 METHODOLOGY

To regch 1 well defined destination this research wil! follow the step-by-step approach as

stated bellow:

»  Colleet data of all taukts and restoralion time of Dhaka region for the month of Octobes,
2I0¥7

» Distribute the faults in 5 caleporics- BTS HW. External and Internal Power, Low and
high capacity microwave.

= Analyze different methods of slatistical process conbrol

= Analyze the system by Pareto principle, fish bone diagram, C-chart

« It the system is out of control, try to find oul the root cause

»  Recommendations [or improvement.



CHAPTER 2
PROFILE OF A MOBILE OPERATOR: GRAMEEN PHONE

21 OVERVIEW

Grameenphone is now the leading telecommunications service provider in the counery with
imore than 20 million suhscribery as of June 2008, Presently. there are about 30 million
wlephone users in the country, of which, a little over one million are fixed-phone uscrs and
rest mobile phone subscribers. Starting its operations on March 26, 1997, the independence
day of Rangladesh, Grameenphone has come a long way. Tt 15 a joint venture enlerprise
between Telenor (62%), Lhe lurgest telecommunications service movider m Merway with
mobile phone operations tn |2 other countries, and Grameen Telecom Carporation (385%),
a non-profit sister concern of the intermationally acelaimed micro-credit pioncer Grameen

Bank.

Crver the yvears, Grameenphone has always been a proneer 1n intreducing new products and
services in the local market. GP way the (irst company © introduce GSM technology n
Bangladesh when il launched its services in March 1997 The wehnological know-how and
managerial expertise of Telenor has been instrumental i setling up such an inlernational
standard mobile phone operation in Bangladesh Being one of the proneers in developing
the GSM service in Burope, Telenor has also helped to transfer this knowledge to the tocal

cmployeess over the years,

The company has so tar invesled more than BDT 10,700 crore (USD t.6 hillion) 1o butld
the network intrasmucture since iy incepaon it 1997, It has invested over BDT 3, 114 crore
(USD 450 million) during the first Lhree quarners of 2007 while BDT 2,100 crore (USD 310
million) was invested in 2006 alonc. Grameenphone 15 also one the largest Llaxpayery in U
counttry, having conlributed ncarly BDT 7000 crare in divect and indircet taxes to the
Government Excheguer over the years, Of this amount, over BIYT 2000 crore was paid in

200 alome

Since its inception in Maich 1997, Grameenphone has built the larpest cellular network in

the country with over {0,000 base statrons in more than 5700 locations, Presently, nearly



08 percent of the country's population is within the coverage area of the Grameenphong

nclwork.

Gramecnphone was also the first operalor 1o introduce the pre-paid service in September
1999 1t eslablished the tirst 24-hour Call Center, introduccd value-added services such as
WMS, SMS, fax and dala transmission scrvices, iniernational roaming service, WAF, 5hS-
based push-pull services, EDGE, personal ring back wone and many other products and

SUTVICU .

The entire Grameenphone network 15 also EDGE/GPRS enabled. allowing access (o high-
speed Internet and data services from anywhere within the coverage arca. There arc

currently nearly 3 million EDGE/GPRS uscrs in the Grameenphone network.

Grameenphone nearly doubled its subseriber base during the initial years while the growth
was much faswr during the later vears. L ended the maugural vear with 18,000 customers,
30.000 by the end of 1998, 60,000 1n 1999, 193000 in 2000, 471,000 in 2001, 775,000 1n
M02, 1.16 mulion in HH3, 2.4 million in 2004, 5.5 million in 2005, 11.3 million m 2006,

and it cnded 2007 with 16 5 million costomers,

From the very beginning. Gramcenphone placed emphasis on providing good after-sales
services. In recent years, the focus has been 1o provide after-sales within a short distance
from where the customers Live. There are now more than 600 GP Service Desks across the
country covering nearly all upazilas of 61 districts. In addition, there are 81 Grameenphene
Cemters in all the divisional eities and they remain open from 8am-8pm every day

including all holidays,

GP has geperated direcl and indirect employment for a lurge number of people over the
years., The compzny presently has more than 3,000 Tull, pari-time and contracival
emplovees. Another 103.000 people are directly dependent on Grameenphone for their
livelihood, working for the Gramecnphone dealers, retailers, scratch card outlets. supplicrs,

yvendors, contractors and others.

Tn addition, the Village Phone Program. also started in 1997, provides a geood income-
edming opportunity 1o more than 280,000 mostly women Yillage Phone operators living in
rural areas., ‘The ¥illape Phone Program is o unigue initiative o provide universal access Lo

telecommunications service in remote, ural areas  Adminislered by Grameen Telecom

-5-



Corporatiem, it enables rural people who normally cannot afford to own a telephone (o avail

the service while providing the ¥ operators an oppartunity to eam a living.

The Village Phone initiative was given the "GSB in the Community” award at the global
GSM Congress held m Cannes, Frunce in February 2000, Grameenphone was alio
adjudged the Best Joint Yenture Enterprive of the Year at the Bangladesh Business Awards
in 20632, Gramecnphone was presented with the G5M Association’s Global Mobile Award
for "Best use of Mobile for Secial and Economic Development' at the 3G5M World
Congress held in Singapore, in October 2006. for 1ts Community Information Center (CIC)
project, and for 1ts MealthLine Service project at the 3GSM World Congress held in

Rarcelona, Spain. in Febroary 2007,

CGrameenphone considers its employees to be one of its most important assets, GP has an
cxtensive employee benelil scheme in place includimg Graluity, Provident Fund, Group
Insurance. Family Health Insurance, Transportation Facility, Day Care Centre, Children's
Education Support. Higher Education Support for employees, in-house medical support

and other mitiatives, [10]
2.2 GRAMEENPHONE CORPORATE GOVERNANCE

In the fast-paced world of telecommunications. vibrant and dynamic Corporate Governance
practices are an essential ingredient o success. Grameenphong believes in Lhe continued
improvement of corporate governance. Lhis in turn has led the Company (o comanit
considerable resources and implement internationally accepted Corporate Standards wn ils

duy-lo-day operations.

Reing a private limiwcd company, the Beard of Directors of Geameenphone have a pivotal
role Lo play in meeting afl slakeholders’ interests. The Board of Directors and the
Management Team ot Grameenphone are comunitted o maintaining effective Corporate
Governance thmough a culnwre of accountability, lransparency, well-undersiood policies and
procedures, The Board of Directors and the Munagement Team also persevere to maintain
compliance of all luwy of Bangladesh and all internally documented regulations. policics

and procedures.

Grameenphone 1 a truly transparent company that operates at the highest levels of integrily

and accounlability on a global standard.



13 GRAMEENPHONE ORGANOGRAM

Figure 2.1 Orgmogram of Grameenphane

24 SHAREHOLDERS

The sharcholders of GrameenPhone contribute their umique, in-depth experience in bath
telecommumicalions and development.

The incrmations) sharchalder brings technological and busincss manapement cxpertise
while the local shareholder provides a presence throuphout Bmpladesh amd 2 decp
undersianding of its econromy, Bolh ore dedicaled to Bangladesh and i1s struggle for



ceonamic propress and have a deep commitment W Grameenlhone and its misston 1o

provide affordable telephony to the entire population of Bangladesh

e Telenor

¢  Grameen Telecom

2.4.1 About Telenor

Telenor AS is the leading Telecommunications Company of Nomway Jisted in the Oslo and
NASDAQ Stock Fxchanges. It owns 62% shares of GrameenPhome Lid, Telenor has

played a pioncering role in development of cellular communicatons.

It has substantial international operations in mobile elephony, satellite operations and pay
Television services [n addition 1o Norway and Bangladesh, Telenor owns GSM companies
in Denmark, Austria, Hlungary. Russia, Ukraine, Montenegro, Thaitund, Malaysia and
Pakistan.

Telenor uses the cxpettise it has gained in its hoeme and international markets for the
development of emerging maikets like Bangladesh Group revenues for 2005 reached NOK
63.9 hillion - a growth of 14 per cent compared 1o 20040 At vear-end 2003, Telenor

employed 27.600 peopte {man-years) - 16.700 of whom were employed outside Norway.

2.4.2 Abhout Grameen Telecom

Grameen Telecom Corporation, which owns 38% of the shares of GrameenPhone, 1s 8 not-
for-profit company and works m close collaboration with Gramesn Bank., The
imternationally reputed bank for the poor has the mast extensive rural banking network and
expertise in microfinancc. It understands the economic needs of the rural population. in

pariicular the women from the poorest households.

Grumeen Telecom. with the help of Grameen Dank. administers the ¥illage Thonc
Program, through which GrameenPhone provides s services to the fast growing rural
custorners. Gramcen Telecom trains the operators, supplies them with handsets and handles

all service-related issues.



Grameen Bank currently covers more than 67,000 viltages which are serviced by 2121
bank branches all over the countryside. As of may 2006, the bank had 633 million

horrowers, 97 percent of whom were women.

Grameen Telecom's objectives are ko provide casy access to GSM cellukar semvices in rural
Bangludesh, creating now opporunities for income generation through sell- employment

by providing villagers with access to modern information and communication hased. [10]
2.4.3 CSR at Grameenphone:

GramecnPhone siarted ity journey 10 vears back with a behef that "CGooed developmentl i
oood business”. Since its inception, GrumeenPhone has been drtven to he inspiving and
Jeading by example, when it comes to being involved in the community. At GrameenPhone
we helieve that, sustainable development can only be achieved through long term economic
growth, Therelore. as a leading corporate house in Bangladesh we intend to deliver the best
Loy our customers, busingss parlners, stakeholders, employees and saciely al large by ‘being

a pariner in development.

CGrameenPhone defines CSR as -a complimentary combination of ethical and responsible
corporale hehavior as well as a commitment towards generating greater good in society as

a whole by addressing the development needs of Lthe country.

To interact effectively and responsibly with the socicty and @ conmbute o the socio-
economic development of Bangladesh. GP has adopled a holisue approach 1o CSE, e
Strategic and ‘Taclical. Through this approach GP aims Lo, on the one hand mvelve imself
with the larger section of the soclery and to address diverse segments of the stakeholder
demography, and on the other remain focused inits social investment o generate greater
impact [or the socicty.

GrameenPhone focuses its CSR involvement in three main arcas - Health, Education and
Empowerment. ¥We mim o combine all our CSR iritiatrves under these three core arcas 10

chhance the economic and social growth of Bangladesh,



W belicve that Corporae Social Responsibilily iv a journey along which we will create a
positive dilfercnce i the community and the development of the country, thus mecting the

gxpectations of our customers and stakcholders.

2.5 ABOUT SPONSORSHIP AND GRAMEENPHONE

Grameenphone's objective in engaging in sponsorships 15 to create mutoat benelit for eur
partners. Grameenlhone is happy o he ahle o work with a number of important projects
and events and position the company as a good corporate cizen.

What makes GrameenPhone stand out fiom the others and makes it a distmet market
leader? "The answer 15 probably allicd with the varied activities GrameenPhone engages in
and for the company’s wide contribution fo sociely. Sponsorship s one of the many wings
of GrameenPhone that has been patronizing and supporting various cotities for different
noble causes. Mareover. we recognize the responsibility of a good corporate citizen and are

rcady to atend 1o stakcholder needs in every way possible,

2.5.1 Wiidest Network Coverage

The Grameenphone network now covers more than 835 percent i the countiy's population.
up from around 50 pereent two vears earlier. During the same period, the company also
introduced a range of cnabling services and the entire network is now ERGER/GPRS
cnabled Grameenphone has greatly benefited from Telenor Group's, with its 12 mobile
operations worldwide. aggregated purchasing power This hay cnabled the company o
rapidly cxend its network coverape and upgrade its netwark, Group cost-saving initiatives
have also allowed Grameenphone Lo reduce tariffs substantially. thus making mobile
communication wffordable for a wider community in Bangladesh, especially those who

have little to spend on commumcation.

Owver the years. the sharcholders have re-invested nearly all of iheir eamnings o capand
coverage and increase capacity of the network, The cumulative imvestments up to
December 2006 stood at abour BDT 76 hillion, making Grameenphone one of the larpest

private seclor Inyesiments 1n the country.

_10-



2.5.2 Committed Customer Service

Grameenphone has always been commited to provide quality after-sales service to it
custorners, It was the first company to set up a 24-heur Call Cenler in the country in 1999,
I order (o make customer service more cisily accessible. the Grameenphone Customer
Service desk concept was developed in 2005, There are now more than 600 Grameenphone
Customer Service desks in operation around the country. These wervice desks have
remarkably reduced travel time for customers from as much as eight hours 10 a maximum
of one hour for any after-sales service, The [lagship Grameenphone Centers were also
launched last year to provide a "one-stop selution” fur all customers. The cenlers are
designed Lo increase customer satisfaction by inlegrating all vales and after-sales services in
an open, friendly and comfortable environment. Presently. there are 80 Grameenphone

Centers in operation around the couniry,

2.5.3 Contribution to growth

The @elecommunication industry in Bangladesh is now esiimated Lo represcnt morg than
one pereent of the country's GDP. Since commercial operations began in Murch 1997 and
up to December 2006, Grameenphenc has contributed over BDT 67 billion to the country's
National Exchequer in direct and indircct taxes. CGrameenphone's annual revenues
surpassed BT 45 billion i 2006, and the wak contribunion to the National Lxchequer,
including all taxes and VAT from the services, was more than BDT 20 billion during the

vear.

Grameenphone diccctly employs more than 5,000 people and it is cstimated that another
L0000 people are directly dependant on the business, working for the vendors, suppliers
and retailers. In addition, there are now over 2800000 Village PPhone operarors earning i

living thoough the Village Phone Program.

A study published in 2005 by the London Business School established a clear fink between
economic growth and mobile phone penetration in developing nations. The study showed

that for the petied trom 1996 to 2003, a developing country with 10 more mobile phoney
per 100 peopie enjoyed per capita GDP growth that wis 0.6 pereentage pomts higher Lhan

im an
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otherwise identical counlry. The benefits brought by the motile phong include a reduction
of the number of middle-men, higher profitability tor businesses and improved contact

between famuly and friends,

2.0 GRAMEENPHONE AND ['TS TECANOLOGY

Telecommunications are an essential part of a country’s infrastructure. Grameen Phone's
Global System for mobile communication (GSM) technology is the most widely uccepted
digital system in the world. currently used by approximate 2bn in 216 countries. GSM
brings the most advanced developments in cellular technology al a reasonable cost by
spurring severe among manufachurers and driving down the cost of equipment Thus.
consumers gel the best for the least. GSM is a living, growing cchnolopy with diterent
kevel of adoprions, pattern of use und approaches to service provistons in different arcas of

the world

The success of GSM is that us development was founded on the delivery of a specific user
benelit - internatonal roaming. The demands of inlermalional roaming had profound
changes on GSM's architecture and mandated an open future-prool slandard that ensured
interoperability, without stifling competiion, and innovation among suppliers. this
lowered barriers to entry. promoted compatibility between systems which, m turn, lowered
development osts and sel the stape for better choive and innovation. The unparalleled
economics of scale and competition that resutted brought convenicnee and talling prices to

manulnelurers, network opeiators and consumers.

The adoption of a digital systemn offered tmproved maohility, spectrum ¢fficiency, betier
quality transimission and new scrvices over the first generation systems. The use of Very
Larpe Scale Integration {(VLSI) microprocessor technology and other low cost 32 10
architectures paved the way for more efticient and alfordable pocket-sized mobile phones.
This resulted in a profound change in users” mobile commumcation style from vehicular-
based o personal, opportunity-based communications. Although GSM is only onc of the
pleces in the cluster of current and fuluse telecommunications networks, s ability Lo
provide anylime. and almost anywhere, communications has resulted in tremendous

economic and social consequences,
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2.7 SERVICLS

GrameenPhane considers its cmplovees to be one of its most imporlant assels. GP has an
extensive emplovee benefit scheme in place including Gratuity. Provident Fund, Group
Insurance, Family Health Insurance, Tiansportetion Facility, Day Care Cenitre, Children’s
Education Support. and Higher Education Support for emplovees. in-house medical

support and other imiiatives

2.8 PURPOSLS

Grameenphone has dual purpose,
*  To receive 40 CCONOMIC IBONT 0N s INvestmMents,
»  To contribule to the ceonomic developments of Bangladesh where telecommunications

can play a critical 1¢le

This is why Gramcen Phone in collaboration with Grameen bank is aiming to place one
phone n each village o contribule significantly to the economic uplills of those villages.
Grameen Phone’s basic stratcey is coverage of both wrban and rural areas In contrast 1o the
island stralegy followed by some companies which involves connecting isalated island of
urban coverage through transmission link. Grameen Phone builds continuous coverage cell
after cell, while the intensity ot coverage may vary trom area o arca depending on markel
conditions, the basic strawcpy of cell to cell coseruge is applied throughout Grameen phone

network.

Grameen Phone is more than just about phanes (o its croployee, The sense of purposc plves
them the dedication and the drive producing the biggest coverage and subscriber base in
the country. Grameen Phonc knows that the talents and encrgy of (ts employees are eritical
(o its operation and treats them aceordingly Grameen PPhone believes tn se1vices, i service
that leads to goad business and good developments. ‘lelephony helps people work Logether
raising their productivity. This gam in preductivity is development, which in tum ¢nables
them to afford a telephone service; gencrating a good husimess thus development and

business o together.



By bringing elcctronic connectivity 1o rural Bungladesh, Grameen Phone 1s delivering the

digital revolution to the doorsteps of the poor and unconnected.

29 NETWORK

Mecanwhile Grameenphone built a healthy and robust infrastructure in terms of
telecommunication network which is expanded at a tccord pace every vear as well, The
Radic in terms of coverage and capacity ‘Transmission and Switching network in lerms of

number of base slation, conneeting transmssion line. swilching system (M5C) and »0 om

2.9.1 Switching Network

I'he switching capacity has been strengthened with 27 Mohile switching centers 42 Base
Station Controller and other equipments added o in 06 divisional ¢ities. Grameenphone is
also offering a diffcrent type of services to Lhe valued subscribers contimuously by

deploying, ditferent service cyuipment SMSC, ¥YMSC, EDGE and 50 on.

2.9.2 Transmission Network

Bangladesh i locawed ar e Ganges delia basin so the landscape of Bangladesh s
dominated by the mvers and channel, Therefore an important part of the infrastructure is
based on radio resources (Microwave Links) owned by Grumeen phone. Grameenphone
built a strong nfrastructure by laking lease dark fbers [rom the Bangladesh Raibway
around 2000 km. The second tier backbone covers approximate 1200 km of new fiber optic
cable was laid apart from leased optical fiber frim Bangladesh Railway to enhance (he

capacity and to ensure higher redundancy in transmission cnd.
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2.9.3 Radiv network

It has buily the lurgest networlk with the widest coverage. Nealy 80 percent of population
has now been brought under the coverage of the G network, which covers mote than 450

Lipazilus of 61 districts. Almest 3600 base stations are operating around the country.



CHAPTER 3
OVERVIEW OF GSM NETWORK

Grameenphone is using GLOBAL SYSTEM FOR MOBILE COMMUNICATION (GSM)
technology [or providing network services to its customers  Uhis technology was launched
in Gurope in 900 MH: lrcquency in the year of 1985 In the year 1991, 1800 MHz

frequency band of GSM technology was introduced.

3.1 GEM NETWORK COMPONENTS

The (5™ nctwork is divided into iwo systems. Each of these systens is comprised ol a
number ot functional umts which are idividual components of the mobile network. The
Lwo Swsiems arg:

= Swilching System (55)

*  Basc Station System (B53)

Svitching System | S5 ==

Othar ™,
T e
nebwgrks =

Base Station System | BSS

L, 7 NMC and aMC
ol BSC ’

- - — - 2 SIgnalirg transmission
BTS
&l conmechions and
signaling transmission

Figure 3.1: GSM System medel
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3.2 GSM TECHNOLOGY

3.2.1 Gencral Information

GSM is also known as Global System for Mobile Communications. or simply Global
System for Mobile. A technology started development in 1985 by a French company
formerly known as Groupe Special Mobile. Tts mamn competitor is CDMA, currently in use

by Bell Mobility, Telus Mobility and Mobility Canada carricrs.

Currently, only two main carmiers in Canada are operating GSM networks. Microeell {[ido.
Ciryfone) and Rogers Wircless, Fido was the first carrier to start wiiliving this wehnology.
followed by Rogers Wircless mainstream around 2001, Several cempanes in the Uniled

Stales have adopred GSM and it's spreading fast among A'L&T Wircless, T-Mobile,

(GSM operates on 4 differcnt frequencies worldwide. However, only two are which are
used in Canada, which are GSM-850 and GSM-1900.GSM-850 and G5M-1900 which

oporate at 1.90he,

(1SM calls are either based on data or voice. Voioe calls use audio codecs called hall-rate.
full-ratc and enhanced full-rate. Data calls can turn the cell phore inte a moedem operating
at 9600 bps. An cxtended GSM feature 15 ugh speed citeuit swiched data, allowing the

phone to transmit uplo around 40 khps.

Cell horizontal radius varies depending on antenna height, antenna gam and propagation
conditions from a couple of hundred meters o several tens of kilometers, The longest
distance the (G50 specification supporls in practical use is 33 kilometres {22 mi), There are
also several implementations of the concept ol an extended cell, where the ecll radius could
be double or cven more. depending on the antenna system, the type of wrrain and the

lintng advance.

Indoor coverage 15 also supported by GSM and may be achieved by using an indoor
preocel] base slation, or an indeor repeater with distributed indoor antennas fed through
power splitters, w deliver the radin signals ftom an antenna outdoors to the separiate indoor
distobuicd antenna system. These are typically deployed when a lot of call capacity is

needed indoors, for cxample in shopping conters or airpaats. However, this 15 not a
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prerequisile, since indoor coverage is also provided by in-buildmg penetraiion of the radio

sipnals from nearby cells.

The modulation used in GSM is Gaussian minimum-shift keying (GMSK), a kind of
continuous-phase frequency shifl keving. In GMSK, the signal lo be modulated omio the
carrier is [irst smoothed with a Gaussian low-pass filler pnior io being fed to a frequency
modulator, whuch greaily reduccs the interference 1o neighboring channcls {edjacent

channel inlerference). |2]

33NETWORK STRUCTURE

Structore of a G5M network (usy stements)

Fipure 3 2' The slruciure of a GSM network
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3.4 NETWORK ELEMENTS — AN OVERVIEW

il SAEbliaieh + PP B W LA B I Sl -

Figure 3.3; DifTerent Elements of GSM network

The network behind the GSM sfysiem soen by the customer is lorge and complicated in
order 1o provide ell of the services which are required. it s divided inlo B number of

sections and these are each cosvered in separate anicles.

340

The Base Suxtion Subsysiem (the base stations and their controllers).

The Network and Switching Subsysiem (the part of the network most similar 1o a fixed
neiwork). This is sometimes also just called the core network.,

The GPRS Corc Network {thc optional part which pllows packel based Interner
cormections).

All of the elements in the sysiem combine to produce many GSM services such os
voice calls and SMS

Mohile Siation (MS)

MS consists of the mobile equipment {the termimal) and a smart card called the
Subseriber Identily Module {S1M)

The SIM provides personal mobility, so thet the user can have access to subzcribed
sorvices imespective of & specific terminal. By inserting thwe 51M card into &8 GSM
icrmninal, the user is able 10 receive ond male calls al tha terminal, md receive ather
subscribed senvices. Without the SIM, the ferminal will not werk.
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1 The mobile equipment is uniquely wdentified by the Internpational Mobile Equipment
Identity (IMEI].

*  The S5IM card containg the Internanonal Mobile Subseriber ldentity (IMST) used o
idennfy the subscriber o the system, a secret key for authenticalion, and olher
information.

*  The IMET and the IMSI are independent thereby allowing personal moblity,

*  The SIM card mayv be protected against unauthoriced use by a password ot personal

identity number {PLN}.

MIN"s main task
= In BUSY mode

»  Transmit measure reporls to BTS every 480 ms

»  Mcasurements from neighbour cells.

*  In1DLE mode
»  Find the strongest cell and listen 1 the system infe in BCCH
» Listen for Paging in correct Paging group in BCCH
+ Do localion update
= Arend of omer (4 hour) — T3212
+  When MS is coming into a new LA,
« Do HO when ordered from BSC,

v Codefdecode/modulale/demodulate/cipher/decipher speechidata

3.4.2 Base Slalion Sabsystem

The Base Station Subsystem (BSS} is the section of a traditional cellular telephone network
which is responsible Tor handling traffic and signaling between a mobile phone and the
Network Switching Subsystem. The BSS carries out transcoding of speech channels,
allocution of radwo channels 1o mobile phones, paging. quality management of transnission

and receplion over the Aur interface and many other tasks related to the radio network.[3]



Figure 3.4: A typical GSM Base Stalion

3.4.3 BTS {Basc Transceiver Station)

The Basec Transceiver Sfation, or BTS, contauns the equipment for transmtting and
recaiving of radio signals (iransceivers), anlennas, and equpment for encrypting and
decrypting commumcations with the Base Siation Conrreller (RSC). Typically a BTS for
anylhing oiher than a picocell will have several ransceivers (TRXs} which allow it to serve
several different frequencies and dxfferent sectors of the cell (1n the case of secterised base
stations). A DTS is contrelled by a parent BSC »ia the Base Stalion Control Function
(BCF). The BCF is implemenied as a discrele unit or even incorporated m a TRX 1o
compact base statrons. The BCF provides an Operations and Maintcnance (O&M)
conneclion to the Network Management System (NMS), and manages operalional siates of

gach TRX, as well as software handimg and alarm colleciion
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Figure 3.5: Base Transceiver Slation Antenna

‘I'he lunciions of a BTS vary depending on the cellular technology used and the cellular
tclephone provider There are sendors in which the DTS is a plain lransceiver which
receives information from the M8 (Mobile Siauon) through the Um {Air [mterface) and
then converls it to a TDM {"PCM"™) based mterface, the Abis, and sends it towards the
BS{ There are vendors which baild their BTSs so the informalion 1s preprocessed, largsi
cell lists are generaled and even intracell handover (HO} can be fully handled. The

advaniape m this case is less load on the expensive Abis interface.

The BTSs are equipped wilh radios thal are able to modulate layer 1 of inilerface Um;, [or
GSM 2G+ ihe modulalion iype 18 GMSK. while for EDGE-cnabled networks 11 15 GMSK
and 3-PSK.

Anlenna combiners are implemented 10 usc the samc antenna for several TRXs (cartiers),
the more TRXs arc combined the greater the combmer loss will be Up 1o 8'1 combiners

are found in micro and pico cclls only.

Frequency hopping is oficn used to incrcase overall BTS perfermance: this involves the
rzpid switching of 1o1ce tralfic belween TRXs n a seclor. A hopping sequence is followed
by the TRXs and handsels using he sector. Several hopping scquences are available, and
the sequence in use for a particular cell is c;:;rntinuajl}' broadcast by that cell so thai 1l s

known 1o (he handsels

_



A TRX transmits and receives according to the GSM standards, which specify cight

TDAIA timestots per radie [requency. A TRX may lose some of this capacily as some

information 15 required t© be broadeast 1w handsets in the area that the BTS serves. This

information allows the handscts o identity the network and gain access to b This

signalling makes use of 1 channel known as the BCCH (Rroadeast Control Channel ).

The BTS comesponds o the transcervers and anlennas used in cach cell of the network
It handtes the radio-link protocols with the Motile Slatien.

A BTS may be placed in the center of a cell fomni-directionaly or shooting in ene or
more specific dircctions (sectorized). s transmitting power defines the size ol a cell.
Each BTS has typically between one and sixleen ransceivers depending on Lhe density
of users in the cell.

In a large urban area, there will potentially be a large number of BTSs deployved. thus

the requircments for a BTS are ruggedness, reliability, portability. and minimum cost,

[4]

3.4.4 Brief Description ol a Base Station

A typical base stution consists of following cguipments

Base station cabinet

Power system equipmernts like — Rectifier, MDD and Bus bar
Transmission cquipments — Indoor and outdoor unil

Battery tor backup power

GSM anlenna

Microwave antenna for point to point air connection with ather base station
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CHAPTER 4
FAULTS AND MANAGEMENT PROCESS

4.1 TYPES OF FAULTS IN NETWORK

Metwork clements of a base station are running for 24 hours. These are mainly electronic
devices. But there are clectrical and mechanical elemems also o run the base station.
These network elements have difterent life time. Morgover, regular preventive
maintenance and health checking is performed to avord any foult. But inspile some

hardware fanlis occur.

Besides the hardware fanlts, there are dependency on some external parameters also Jlike

the cxtetnal power from different ulility service provider, environmental condition ete.

Considering these things, rotal faults happentng in the base stations can be categorzed inio

3 major calegories. These arc-

l. Base station hacdware faults

Fd

External power problem
Internal power problem

Lovw capacily microwaye

ok

High capacily microwave

4.2 SHORT DESCRIPTION OF MAJOR FAULTS

4.2.1 Base Transceiver Station (BTS) hacrdware faults

We know that there is a base stulion cabinet which 1s manly responsible for handling the
major part of GSM lechnology. This cabinet consists of different replaceable units, cables.

CONECTors £,



Following faults may happen for the cabinet:

s BI'S Hardware Problem- hardware may gone favkty al any time or malfunclion

e DBTS Software Problem- dilferent units of the BTS cabinets are operated by soltware
which may be corrupted at any time

¢« BTS Configuration Problem- this is also one kind of software problem. But here the
difference is configuration of the cabinet may be changed for some reasons which result
[aults.

«  BSC-BTS Syochronization Problem- we know that the BTS is controlled by remotely
{ocated Base Station Controller (BSC). Timing synchromization betwesn BSC and B1S
may happen resulting BTS faults,

»  Aulomatic Reset- the cabinet may take resel due (o various wehnical reasons which

results outage or malfunctioming for a short period.
4.2.2 External Power Problem

¢ Mains Fail- I external power 1s not avaifable for a long period, sile may go down due
to this problem Normally battery backup s available for around 8 hours in every site. Also
aulo gencrator 15 there in some very remolte or critical sites. But i some cases, power 18 not
available for longer penod, alsg generator malfunctions in some cases.

# Power Problem at the link site- Tvery site is connected Lo a remete or Lok site tor
transmission comnectivity. So i power prablem occurs at that site and po down Jor that
reasaon, this gite will alse go doan,

=  Generator problem- Tn soime sites, no commercial power is available and solcly depend
on generator, This is 2 mechamcal device and may go Paulty [or various reasons. Moreover,
aulomalic ransfer system (ATS) 15 1equired for power swilching between battery and
rencrator,  Sometimes, this ATS malfunction which cause site down. Morcover, to start
the gencrator, a battery is required which sometimes don't function properly. As a result,
the generator fails to start.

¢ Low feel problem- Generators need fucl to run and this needs to be refueled before
being empty. Normally the generators are fuclled mamtaining & schedule. Bur somebimes
high consumption of fuel may vccur which brings abnormal situation. As a result, sie may

a0 down for failure of running the penerator,



4.2.3, Internal Power Problem

¢ MDB Breaker Trip- Sometimes dug to high voltage problem, lransient current of circuit
brakers inlemnal problem, Main Disteibution Brakers went tipped. This cause commercial

power unavailable for the site until anyone attend and rectily the Taolt,

= Controlber cand problem- Rectifier is used in a base station o provide DC power 1o the
telecom equipments. These rectificr consists different compenents, controller card is one of
the basis component which sometimes don't work for which power is nel led o the

cquipments which cause site down.

s  LVD problem- Low voltape disconnect (LYID)) 15 a syslem

»  Meodule Fail- Main part of the rectifier system is its moduoles, Function of the moduoles
is to charge Lhe battcrics when exlernal power is avaitable. Bul sometimes, these modules
don’t work [or which hatteries are not bemg charged properly. For this rcason, proper

backup power is nol obtained when mains fail cccurs for longer period.

s Battery Breaker Tripped- This is one kind of MDDB trnip. Ditterence is this the DL
hraker for the baticry. This sometimes got tripped due to abnormal situation. For this

1eagon, site goes down immediately when mains fail accur,

= Load Breaker lripped- TXC power s fed to the equipments threugh different circuis

breakers. Sometimes, these CBs also got tripped causing sile down immediately,

e Iligh Tempersure- lelccom cquipments are @mperature sensitive and periorm
efticiently until cerlain wemperature, These equipment genarate heat which increase the
temperature inside the room. To ensure cooling, ar cemditionet 15 placed in every site, But
due to different reasons. these wuts go taulty which make high lemperature. For this

reason, GSM or transmission cquipment goes down,
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4.2.4. High Capacity problem

»  Environmental Problem- High capacity microwave transmission links are normally
uscd tor Jong distance transmission Link is designed is such o way that it can sustain the
alteniuation due to a certamn rainfall or fog. If raindall or fog density is much denser than the
design value, link doesn't [unction properly which causes a good number of sites down or

poot perlorming.

s Cablefconnector Taulty- Tndoor units of the microwave links (MW) links are connected
te the outdoor units or anlennas through cable. connectors. Performance of these cable.
commeclors may deteriorate i time of period or due 1o poor workmanship during

installation. Also water may enter inside the cable. connector if taping is not done properly.

o ADM Card Faully- High capacity microwave finks and aplical fibers are terminated
through Add Drop Mulitiplexing or MUX cquipments. It comsists lets of dilTerent cards,
Any of these cards may o tault at any time which cause huge impact on the netwolk.

o ADM Piglail Faulty- Cards of the ADMs are connectid (o the indoor units or Qptical
Disiribution Frame (ODF) of iber optic through cables which are known as pigtails. Thew
pigtails may go faulty which disrupt the connectivity causing site down.

+ Tiber Cut- Optical fiber passes through the railway tracks or highway. Lots of acti'lwitics
arc always going on along these routes. Though fiber s taid maintaining a certain dcpth
under the ground level, tiber somelimes gone cut. In most of the cases, tralfic iy prmil.:clcd
providing ring solution. In that case. no customer is suffered Buk in some cases. ring can'l

provided which causes sile down. No. of site down due i fiber cut is normally huge.

* Configuration Problem- High capacity Tinks and MUX cquipments are needed to
contigured by soflware,  Switching s done automatically also depending cm! the
configuration file. Sometimes this configuration file may go cormupted which may cause
aite down,
* ODF: Porl Fauclty- Optical fiber is terminated in the optical distribution frame {ODF).
Ports of these QDFs may go laulty for various reasons, These also cause disruption of the

respective links causing traffic outage.




4.2.5 Low Capacity Microwavie

« Cable, conmecter Problem- Indoor wnits of the microwave links (MW links are
connected o Lhe ouldoor umits ot antennas through cable. connectors. Performance of these
cable, connectors may deleriorale i time of period or due to poor workmanship during

installaton. Also water may enter inside the cable. connector 1t @aping 1s not done properky.

s  Lnvironmenta! Problem-Low capucily microwave link are designed 15 such a way that
|

It can sustain the allcnuaton due to a certain rainfall or fog, Il mainfali or fog density 15

much denser than the design value, link doesn’t function properly which causes a good

number of sites down or poor performing.

e 1DV Problem- Indoor units of the links may go faulty Tor different reasons at any time

which cause outage of the links causing site down connected to that finks.

v (ODU Problem - Outdoor unils of the links may go faulty for different reasons at any

time which cause outage of the links causing site down connected o that links.

o Tributary port problem- Any BTS s connected e the switches (BSC) through tributary
ports o PCM connectors. These have o be made manually where workmanship in
involved. Alse guality of the cable and connectors play a vitat role, 5o the respective port

connected by rhese connectors/cables may go faulty which will cause sile down.

* Interference Problem- Frequency intetference may occur if any neighbouring link is
configured with the same frequency. In that case the link may go down or performance
may be affected severcly,

|
s LOS Dreak — Line of sight hetween two ends of a microwave link has 1o be ¢lear! But
normally 1n the big cities especially Dhaka, always construction ot high rise buildings iy

going on which may disrupt the LOS, |
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43FAULT MANAGEMENT PROCESS

We can sec that the GSM conununication depends on buge number of cquipments and
factors for which different types of faults are happening at every moment. So a proper lault
munggement process is required to be maimtained to restore the faults within the shortest

powsible time 10 minimize customer sufterings.

Grameenphone has a strong management process for this purpose. For managing the aceess
network tault, Regional Operation and maintenance rcam 15 responsible with the help of
Metwork Management team. Engineers of NM are monioring the whele network on 24%7
basis. It any access network related fault appears. they communicate it to the respective
ROM engineers through different channels like over phone, SMS, e-mail elc The

escalation period and mode depend on the seventy of the fault,

After getting the noiilication from NM, tield engineers take necewsary action (o restore the

tault. Flow diagram of the fault manapement process is given in the lollowing page:
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Fault Management Process

Figurc 4.1: Foull Menagement Process
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Fault Management Process

Diferent netwirk mankoring terminals
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Figure 4.2: Different torminals Mo fanlt monitoring

4.4 FAULT ESCALATION FROM NM TO ROM

From the nbove two figures of Foult Mmmagernent Process, we cian see that (fom a cenleal
monitoring poinl, whale nclwork is being monitored on 24x7 basis using difTerent
terminals for difTerent types of auls IF any faull occurs, that is being reporied mnd
displaved in the terminals. Network Managemont (WM} engineers immediately inform the
ficld engincers about the fmult through dilTerent channels like over phone, SMS end e-mail.
This is catled Trouble Report (TR). A TR is issved for every [ault where it is cutoge or

qualily issue,

=31 -



4.5 FAULT CLEAR

Rezional O&M engineers immediately rush w the site normally, Before leaving for the
site, both NM and ROM engineers want to be sure about the fault for which site down has
been occurred. This is required because ROM engineers have lo carmy spare hardware,
portable generalor. necessary 1ools cte. with them betore leaving fo rectify the fanlt ASAP
but within the SLA.

Alter rectilying the fault, Field engineers inform MM Lo be conlirmed about the status of
the fault, If NM conlirms that the tault has been cleared. then the TR is closed. But il the
fault still exists, then the Faull may be cscalated to 2™ line expertise team or vendor The

[lvw chart is mentioned in figurs 4.3,



[ Fault appeared and Displayed at NMS !

b 4

i
Issuance of TR and Liform Lo responsible

Regional Team leader by SMS and/or Phone call

" T ——

Altend the fault at site by Field Engineer

—— —_ _

" Rectification ey oy
done

NO
NO

MNM momitors stalns

of the fault

414 . Ven l

Conflirm with
. B 1SR LD

[ ciow

Figure 4.3; Fault monitoring, escalation and clear work flow
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CHAPTER S
STATISTICAL PROCESS CONTROL (SPC)

5.1 DEFINITION OF SPPC

Statistical Process Control (SPC) is an effective method of menitoring a process through
the use of conwrol charts. By collecting data from samples at various points within the
process, variations in the process that may atfect the qualify of the end product or service
can be delected and comrectied. Lthus redecing waste and as well as the likelihood that
problems will be passed on to the cuslomer. With its emphasis on carly detection and
prevention of problems, SPC has a distinet advantage over quality methods, such as
inspection, that apply rescurces to detecting and conecting problems in the end product or

e,

In addition to reducing swaste. SPC can lead to a reduction in the time required 1o produce
ihe product or service from end to end. This is partially due 1o & diminished likelihood that
the final product will have o be reworked. but it may alse result from using SPC data 1o
tdentily boulenecks, wait times, and ¢ther sources ot delays within the process. Process
cycle time reductions coupled with improvements in yicld have made SPC o valuable fool

trom hoth a cost reduction and a customer satisfaction standpoint.

Statistical process contral (SPCY involves using statistical lechnigues o measure and
amalvze Lhe variation in processes. Most often used for manufucturing processes, the inent
of SPC iy 1o monitor product qualiry and maintain processes to fixed largers. Statistical
quality control refers o using siatistical techmiques tor measunng and improving the
guatiry of processes and ingludes SPC in addition to other lechmigues, such as sampling
plans, experimentsl design, vanation reducuon, process capabutity analysis, and process

Lmprovement plans,

SPC s used o momitor the conmsistency of processes used © manufactare a product as
designed. It aims o get and keep processes under control. No matter how good or bad the

design. SPC can ensure that the product is being manulacwired as designed and imtended.
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Thus, SPC will not improve a poorly designed product’s reliability, but can be used 10
matntain the consistency ol how the product is made and, therefore, of the manufactured

product itsell and its as-designed reliability,

A primary too] used for SPC i the conrrof chart. 2 graphical represenlatiom of cerlain
deseriptive statisties for specific quantitative measurements of the manufacturing process.
The contrel chart is one of the seven basic twols of quality control {aleng wiath the
histogram, Pareto charl. check sheet, cause-and-elfect disgram, [Nowchart, and scatter
dizgram). In statistical process control, the control chart, also known as the 'Shewhart chart’
or 'process-hehavior chart' is a ol to determine whether a manufacturing or business
process is 1o a stale of stalistical control or not. 1f the charl indicates that the process being
monitored is not in contrel, the patlern it reveals can help delermine the souree ol variation
ta be eliminated to bring the process back into coatrol. A contrel chart 15 a specilic kind of

un chart,

These descriptive statistics are displayed in the control chart in comparisen to their "in-
control” sampling distributions, The comparison detects any unusual variation in the
manufacturing process, which could indicate a problem with the process. Severul different
descriptive statistics can be used in contiol charts und there are severat different types of
control charls that can test for different causcs, such as how guickly major vs. minor shitts
in process means are deteclied. Control charts are also used with product measurementls o

analyze process capability and for continuous process improvement efforts. [1]
5.2 BENEFITS OF SPC

s Provides surveillance and feedback tor keeping processcs in confrol,

s Signals when a problem with the process has ecourred.

v Detects assignable causes of varlation.

» Accomptishes process characterization.

»  Reduces need for mspection.

»  Monitors process quality,

s  Provides mechanism to make process changes and track etfects of those changces.

o Once 2 pocess is stuble (assignable cavses of varialion have been ehminated), provides

process capamiily analysis with comparison to the product tolerance.
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53 BASIC TOOLS OF QUALITY

+ Pareto Principle

= Scatter Plots,

+ Contiol Chart,

= Flow Charts! Process Map.

+  Canse effect, Fishbone, Ishikawa diagram.
= Histogram or Bar Graph.

s Checklists & Check sheet,

5.3.1 Parcto Principle

A Pareto chart looks like a cumulative bar graph., The lengths of the bars represent
[requency or cost (fime or meney), and are arranged with longest bars on the left and the

shortest o the right. The lengest bar represents the most vital cause.

This is praphical tool for ranking causes from most significant to least sipnificant, It
depicts a series ol vertical bars lined up lined up in a descending order — from high Lo low —
o retlect frequency, importance, or priority. The following is an example (Table 5.1
and Figure 5.1) of a Parcto analysis ot problems that occurred in products from lathe

machine workshop.

Table 5.1, Frequency of areas of complaints

e AT e o | rome T | oy, UMM LV E il
%‘Hm‘lﬁlﬁﬁ 'i,FI'g_ni_ufncy! ﬁpﬁ%ﬁﬁ—_j % |}E%&E@i
YWrong

dimension 44 49 40

Surface arcas 20 20 a0

Broken [ 15 B

Wrong material 10 [T} G4

hers G & [0

Bascd on this table, a Parelo chart is prepared, as given in Figure 5.1 1]
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Figure 5.1: Parcio diagrem for complaints regarding TV delivery 1o households

30720 ruke

The Parelo principle (also known s the 80-10 rule, the Iaw of the vital few mnd the
prindple of factor sparsity) staies that, for mam: cverls, 30% of Lhe eflects come from
20% of the coutet. Business nanagerment thinker Joseph M. Juran suggesied the principle
and nomed it efler llalian economist Vilfrede Parcio, who abserved that 80% of income in
Itnly went 16 20% of Lhe population. It is a common rule of thumb in business; e.g., "R0%

of vour sales comes from 20% of vour clients.”

It is worthy of nolc that somc epplietions of the Pareto principle zppeal to o pseudo-
scientific "law of nature” 1o bolster mon-quantifiable or mon-verifiable mssertioms (hat are
~oginted with a broad brush®, The fort (hat hedges such es the 90/10, 7030, and 95/5
"rules” exist is sullicient evidenge of the non-exaciness of the Perete prinaple. On the
other hand, there is adequate evidence that “clumping” of fectors does occur in most
phenomena
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The Parcio principle is only tangentally refated to Pareto efficiency, which was also
introduced by the same economist, Vitfredo Pareto. Pareto developed both concepts in the

context of the distribuion of income and wealth among the population.

The observalion was in comnection with income and wealth, Pareto noticed that 80% of
laly's wealth was owned by 20% of the population. He then carried out surveys on i

variety of other countries and found to his surprise that g similur distribution applied.

It also applics to a variety of more mundane matlers: one might guess approximately that
we wear our 205 most favored clothes about 80% of the Lime. perhaps we spend B0% of

the time with 209 of our acgqualnmnces, elc,

The Pareto principle has many applications in guality control. It 13 the basis fur the Parcto
chart, unc of the key tools used in total guality control and six vigma. The Pareto principle
serves as a baseline for ABC-analysis and XYZ-analysis, widely used in logistics and
procurement for the purpose of optimizing stock of goods, as well as costy of keeping and

replenishing that stock .
In compulier science the Pareto principle can be applied Lo optimization efforts,

The Parcto principle was a prominent parl of the 2007 bestseller . The 4-Hour Workweek
by Tim Ferriss. Ferniss recommended firing the 805 of your cuslomers who take up the

majority of your time and tocusing on the 20% who make up the majority of your profits

I'TW practices Lthe B0/20 rule in all of its businesses. [7]

5.3.2 Scatter Flot

A scatter graph or seatter plot 15 a type of display that contains one or more sealter plols
cach of which use Carteslan coordinates o display values for two varables for a set of
data. The data Is displayed as a collection ot pounts, each having the value of one variable
determining the position on the horicontal axis and the value of the other variable

detarmining the position on the vertical axis.

A scatler plot only specifies variables or independent variables when u variable exists that
are under Lhe control of the cxperimenter. If a paramciler exists that is systematically

meremented andfor decremented by the cxperimenter. it is called the control parameter ot
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independent variable and is customarily plolled along Lhe horizontal axis The measured or
dependent variable is customanly piotied along the vertical axis. If no dependent vanable
exists, ellher type of variable can be ploited on either axis or a scatier plot will illustrate

only the degree of correlatton (not cavsation) belween two variables,

A scaller plot can suggesl various kinds of correlations belween variables with a cerlam
conlidence level. Cormrelabons may be positive (nsing), negalive (falling), or null
(uncorrclated). 17 the patlem of dots slopes from lower lell to upper right, 1l suggests a
posilive correlation between the vaniables being studied. If the pattemn of dots slopes from
upper [eft to lower righl, 11 suggests a negative correlalion. A line of best it can be drawn
in order to swudy the correlalion between the vanagbles, An equation for the correlation
belween the variables can be detemmned by established best-Til procedures. For a linear
comelatior, the besi-it procedurs is known as linear regression and 13 guaranteed to
generatc a correct solution in a finite time. Unforiunately, no universal best-fit procedure is
ouaranteed to generate a correcl solulion for arbitrary relationships. One of the mosl
powerful aspects of a scatter plot, however, is its abilily 1o show noblincar relationships
between variables. Funthemmore, if the dala is represented by a muxiure mode] of simple

rclationships, these relationships will be visually evident as superimposcd patterns. [5]
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Figure 5.2. Graphical display for Scaller plot
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5.3.3 Control Chart
Variations:

Different types of contral charts can be used, depending upon the type ot data. The fwo

broadest groupings are for variable data and attribute data,

*  Variable data are measured on a continueus scale. For example: time, weight, distance
or temperature can be measured in fractions or decimals The possibility of measunng to

greater precision defines variable data.

s Attribute data are counted and cannot have fractions or decimals. Attribute data arise
when you are delermuning only the presence of absence of something. success or failure,

accept or rejucl, correct or not cormesl.
Dretails:
A control chart consists of the lollowing:

= Points representing averages of measurcmnents of a qualily characteristic m samples
tuken [rom the process versus time,

o A centre line, drawn an the process mean.

s Upper and lower control limits ("natural progess limits") that indicate the threshold at

which the process outpul is considered stalistically unlikely.
It is expected that the quality characteristics remain within these two lmils.

A cenler line (CLY, which 15 hasically the arget mean value of the quality charscleristics. It
in expected that the values of quality characteristics remain randomly on both side of the

e, or centre line.

Description:

The control chart is a graph wsed 1o study how a process changes over time, Dala are
plotted in time order. A control chart always has a central hme for the average. an upper
linc for the upper control limit and a lower line for the lower control limit. These lines are

determined from historical data. By comparing current dala Lo Lhese lines, you can draw
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conclusions aboul whether the process vamalion 15 consislent (in control) or 18

unprediciable {out of control, afMecied by special causes of yvaration).

Control charis for variable dala arc vsed in pairs. The lop charl menitors the average. or the
centering of the distnbution ol data from Lhe process The bottom chart momitors the range.
or the width of the distnbubion. IT your dala were shots in farget pracuice, lhe averape is

where the shots are clustering, and (he range is how tightly they are clustered. Control

chans for attribule daa are used singly.

ne e UCL=10860

‘...E.. ————————————————
AN /\

g inod / V \./, % Center line = 10.058
5
£
§ |-
Qo ———— — — — o L= 3256

9.0 .

3 5 9 iz 15
Sampie

Fipure 5.3 A typical control charl

As per theory of normal disturbance, if all the plotted fall within the fimits, the process is 1n
conirol, statically 1n the ‘acceptance” zone. Any point plotted outside the limits would
mean, the process is in the ‘rejection’ zone, Too many poimts ouwtside the limit would mean
the process is oul of conirol When {his condition ocours, inveslipation is necessary for

idenitfying (assignable) reasons/causes behind, lor subsequent inlervention or correclve

aclion,
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When to Use a Control Chart;

*  When controlling engoing processes by finding and cormecting problems as they oceur,
«  When predicung the expected range of oulcornes [rom a process.

»  When determining whether a process s stable (im statistical control).

o  When analysing pallerns of process variation from special causes fnon-rouline events}
or common causes {hull inwo the process).

s  When deermining whether your qualily improvement project should aim (o prevent

speeific problems or lo make fundamental changes to the process
Conlrol Chart Basic Procedure:

= Choose the appropriate control chart for your data,

+ Determine the appropriate time period for cotlecting and plomung data.

« Colleet data, construct your chart and analyze the dats.

¢ Look for “oul-of-control signals™ on the control chart,. When one iy identificd, mark it
on the chart and investigatc the cause. Document how you mvestigated. what you learned.

the cause and how 1t was comeetled
Out-of-control signals:

s A single point cutside the control limits, In Figure 5 4, point sixteen is above the UCL

{(upper contral limit).

¢« Two out of three successive points are on the same side of the centerline and farher
than 2 & from it In Figure 5.4, pount 4 sends that signal.

s  Tour out of five successive points are on the sume side of the centerline und Carther than
| & from il In Figure 3.4, point 11 sends thal signal.

s A run of cight in a row are on the same side of the centerling, Or 100t ol 11,12 our of
14 ar 16 out of 20. In Figure 5.4, point 21 is cighth in a row ahove the centerline.

+ Ohvious consistent or persistent pamerns that suggest something unusual abouot your

data and your process.
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Figure 5.4: Control Chan: Out-of-Control Signals

« Continue to plot data s they are generated. As cach new data paint is plotted. check for

new gut-of -.control signals.

* When you sian a ncw control chan. the process may be out of control, UM so, the control

limits cakculated from the first 20 points are comlilional limils. When you have at least 20

sequential points from 2 period when the process is operating in control, recalculate control

limits. |6}

5.3.3.) Types of Contraol Chart: [1]

Table 5.2: Lis1 of different types of Control Chart

! Chari Process ghservalion Process F-rmss

Size of shifi to

observailons absenations  deteal

l rebntionships Iy pe

Xhbar R chan JDunIity characteristic Inde pemlent “Varisbles Large (= 1.50)
measurement within one

t subgroup

' Xbar § chart ¢ Quality characteristle © © ™ Independent Variables large (2 1.50)

I mensurermnent wilhin ome

i "subgroup f
Shewhan Quality characieristic [ndepondem Variables Large = 1.50) L
individuals  measurement for one l

. - —_— .. - G ——_— s = - = .
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r.c:ﬂuhl chan  observation - o
:I'T'hrrt-u'ny Quality chamcieristie — Independent Varinbles ™= Large & 1.50)
Fchnrl measurenrent witkin one
subgroup
p-<han Fraction nﬂn-cu-r-nfu;ming within Independent Atributes Large (= 1.50)
ane subgroup
np-chan Number ronconforming within ° Independent Aitributes Large (= 1.5a)
one subgroup
_e-chart Numhcr_ of nonconformance’s [ndependem Aitributes Large (z 1.5a)

r
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within one subgroup

1u-chan Nonconformance's perunit  [Independen] "Attributes Large (2 150} Il

wilhin on: subgroup

.12 X-hnr/R chart:

An X-barfR charl is o specilic member of a family of control chans. A controf chan is a
tool used in quality control, specifically SPC or statistical process contral, as onginally
developed by Walier A, Shewhart a1 Western Electric in 1924 10 improve the quality of

ielephones.

A controk chant is a plot of measurements of a prodoct on 1wo special scales, usually
localed above and below ench other and running horizomally. X-BarfR charts consist of

iwo charts, both with the same horizontal anis denoting the sample number.

The vertical axis on the top chan depicis the sample means (X-Bar) for a scrics of lots or
subgroup samples. It has a centerline represcnied by Ndoublebar, which is simply the
overall process pverage, as well as iwo horizonal lines, one above and one below he
cenlerfine. known os the wpper control limit or UCL. and lower cantrof limit or LCL,
respectively, These lincs are drawn at a distance of plus end minus three stamdard
devintions {that is. standard deviations of the sampling distribution of sample means) from
the process pvernge. In prociice, tabulated constants are pvailable 1o determine the control

limits, or they are nutomaiically calculated by the SPC <ofliwame used.



The bowom chart has the range (R) of each subproup plotled on the vemcal axis. Take an
X-Bur chart, R charts have a centerline and two contred limuts, However, for sample sizes

helow 7. the LCL is sero.

The purpose ot any control chart 15 to help determine if varialions in measurements of a
product are caused by small. normal variations that cannot be acted wpon (“common
causes"y, or by some larger "special cause” that can be acted wpon or fixed. The tvpe of

charl to be used 15 based on the nature of the data.

The X-bar/R chart is normally wsed for numerical data that 15 capured 1in subgroups in
some lowical mannct — for example 3 production parts measured every hour. A special

cause such ay a broken tool will then show up as an abnormal pattern of points on the chart.
5.3.3.3 P-chart;

In industriat statistics, the p-chart is a tvpe of control chart that s very similur (o the X-bar
chart except that the statisiic being plotwed 15 the sample proportion rather than the sample
mean, Since the proporuon deals with the pereentage of successes. clearly the appropriate
data for p-charts nceds to be attribute data where the ouecomes for each trial can be
classified as cither a success or a failure (conform or non-contorm, ves or no, ¢tc.). The
subgroup size should ideally be equal, although unequal sample sizes can be

accommodated.
Tt's Charactaristics:

¢ The "p" comes from use of the proporhion of nonconforming items
*  Need a good definition of noncontorming items — usually o caregorical defimtion
=  {(an be of cqual or uncgual subgroups

= Nommally need larpe subgroups — can even be up to wial for the peniod
Control Limits tor the p-chatt are caleulated on the basis of the nomial distribution,
The contmol limits for this chart oy pe can be determined by the formula:

Bl —p)

ft

= 3 vll
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5.3.3.4 NP-chari:

In industrial statistics, the np-chart is a type of control chare that 15 very similar to the p-
chart excepl that the statistic being plotted s a pumber counl rather than a sample
proportion of items. For example, an np-chart often shows the number of nenconfurming
items in each sample. Since we are counting lailures or successes, clearly the appropriale
data for np-charts need to be atmbute dala The subgroup size must be constant, as

comparisons of counts would otherwise be meaningless.
1t's Characteristics.

+ The "np" stunds for the number of conforming items, which can be expressed as n
(sample size) times p (proportion of noncontorming irems.

s  Need a good definition of nonconfonming items - usually a categorical detimnion,

s Subgroup size must be constant.

»  Normally need Jarge subgroups = can even be up 1o 1owal for the period.
Contrel mits for the np-char are calculated on the basis of the hinomial distribution.

The control limits for this chart type can be determined by Lhe formula:

fap(l = 7)
ft

nipx 3

5,3.3.5 C-Chart:

A C chart is a data analysis lechnigue tor determining il a measurement process has gone
out of stulistical control, The € chart is sensitive to changes in the number of delective
itlems in the measurement process. The “C™ in C CONTROL CHART stands for “county”

. . . . |
as n delcctives per lot, The C control chart consists ot: :
|

. ' . |
Vertical axis = the number defective for cach sub-group. |

Horwzontal axis = sub-group designalion.

The C chart assumes that cach sub-group has an cqual sample size (this sample size does

not need to be specifieds. A sub-group is typically a time sequence fe.g. the number of

- 46 -



defectives in a daily production run where cach day is considered a sub-group). If the times
arc cqually spaced, the horizontal axis variable can be generated as a sequence
In addition, herizontal Tines are drawn at the mwean number of defectives and al the upper

and lower control Hmits,

The control limits for this chart type can be determined by the formula

Center Line is caleulated as:

Ll
Z{c oLenl),
- _ .I-l

o
M

Where m i the number of groups included in the analysis.

UCL., LCL (Upper and L.ower Control Limi.

UCL =¢ + 3¢

0L = Maxlp,c - 3¢

5.3.3.6 U Chart:

U chart generates a {Powsson) proportion controd charl. A U charl iv a datn analysis
techmque for determining if 2 measurcment process has gone out ot statistical control. The
17 chart is senosilive to changes in the normalized numbuer of defective items in the
measurement process. Normalized means that the number of defectives 15 divided by the
umit area.). The U Nin U charl stands for “units™ as in defectives per lot The U control

chart consists of:

Vertical axis = the normalized number of detectives

Hortzontal axis = sub-group designation.

The control limits for this chart type can be determincd by the tormula:
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‘The average count of occurrences of criteria of intetest in sample of items

Where nj is the sample size (number of units) of group ).

Cenler Line 15 calculated as:

E(c cunt) ;

- -l
_J

M
where nj is the sample size (number of wnits) of group j, and m is the number ot groups

included in Lhe analvsis,

LCL, LCL {Gpper and Lower Control Limit):

OL =u +3

e

LCL = MAX 035—3*(

-
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5.3.4 Flowchart

A flowehart is one of the seven basic tools of guality contred, which alse includes the
histogram, Parcto chart, check sheet, control chart, cause-and-efTect diagram, and scatter
diapram. They are commonly used in business/economic presentations to help the audience
visualize the content better, of to fingd Maws in the process. Allernatively, one can use

Nassi-Shneiderman diagrams,

A {lowchart (alzo spelled Aow-chart und Mlow chart) is a schematie representation of an
algorithm or a process. This 15 alternatively known as Run chart, Roule 9hcct|. Process Map.
Flowcharts are usefu! Lool Toc cxamining how vanous steps are related Lo cach other. By
studying these charty individuals and tcams ean often uncover potential source of trouble

and! or identify steps to be taken to improve or error-proof 4 process.

Process flow chat focuses on the specilic processes that raw materials, party and sub-
assemblics follow as they move through the plant. This chart is a useful diagnosis 0ol and
can be used (o improve the performances al cach step in the operations, Indeed Lhe standard

step in analyzing any production is to map the flows.

A complewe diagnosis of a sub-systein cerrainly requires information on its input side and
output side, because. the sub-system may inleract or may be atfecied by Lhe preceding part
or operatlons and requirementiconstraings in the succceding operation. Thus, a complete
view of a process Tlow helps an analyst 10 pin point the exact location, or source of

disturbance,

A flowchart 1s described as “cross-functional" when the page is divided into different
“lancs" descriting the control of different orgamzational units. A symbaol appeaning i a
particular "lane” 15 within the control of Lhat organizational unit, This technigue allows the
analyst 1o locate the responsibility for performing an action or making a decision comectly,
allowing the relationship between different organizational wnits with rewpﬂﬂsihilil}f OYCT A4

singic process, The following figure shows a briel schematie view of a process charl.
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Figure 5.5: Schematic diagram ol 4 process chart

£.3.5 Cause ¢fMect, Fishbone, Ishikawa diagram

The Ishikawa disgram (or fishbone diagram or also cause-and-elfect diagram) is the
brainchild of Kaoru Ishikawa, who pioneered guality management processes in the
Kawasaki shipyards, and in the process became one of the founding fathers of modem
management. 1t 15 simply a diagram that shows the causes ot a certain event It was first
used in the 1960s, and is considered one of the seven basic tools of qualily management,
along with the histogram, Pareto charl, check sheet, control chart, [lowchart, and scatler
diagram. See Quality Management Glossary. It is known as a [ishbone diagram because of

its shape, similar Lo the side view ol a [ish skeleton,
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Figure 5.6: Graphical display of Cause effcct diagram



5.3.6 Histogram or Bar Graph
In statistics. a histegram is a graphical display of tabulated frequencies. It shows what
proportion of cases fall into each of several categories. A histogram difters from a bar chart
in that 11 is the arca of the bar that denoles the value, not the heaght, a ceacial distingdon
when the cotegorics are not of umiform width (Lancaster, 1974, The cawporics arc usually
specified as non-overlapping intervals of some variable. The categories (bars) must be

adjacent.

The word histogram is derived from Greek: histos "anythmg set upright' {as the masts ot a
ship, the bar of a loom, or the vertical bars of a histogram}). gramma drawing, record,
wrnting'. ‘The histogram 15 one of the seven basic toels of qualty control, which also
include the Pareto chart, check sheet. control chart, cawse-and-cffect diagram, Mowchart,
and scatter diagram. A gcneralization of the histogram is kernel smoothing lechnigues.

Thix will consteuct a very smouth probability density function {rom the supplicd data

”

Examples

As an example we consider data collected by the U.S. Census Bureau on time w travel to
work, The census [ound that there were 124 million people who work oulside of their

homes. This rounding is a common phenomenon when collecting data from people.

Histogram of travel time, LS 2000 census, Arga under the curve equals the total number of
cases. This dizgrarm uses Qéwidth from the table.

n



Table 5.2: Datn of US worker who traveler to go for work

I Datu by absoluie numbers
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Yigure 5.7: Histogrmm for the workers who travel 1o go for work



This histopram shows the number of cases per unit inleeval 50 that the height of each bar is
eygual 1o the proportion of tolal people in the survey who fall into that category. The area
under the curve represents the total number of cases (124 million). This type of histogram

shows absolule nembersy. [9]

5.3.7 Check sheel

The check sheet is a simple document that 1s used for collecting data in real-time and ar the
lncation where the data is genersled. Uhe document is typically a blank form that is
designed for the quick, easy, and efficient recording of the desired information, which can
be either quantitative or gualitative, When the information is guantilative, the checksheet is

sometimes called a lally shueet.

A defining characleristic of a check sheer is that data is recorded by making muarks
("checks") on it. A rypical check sheet is divided into regions. and marks made n ditferent
regions have different significance Data iy read by observing the location and number of

marks on the shect, 5 Basic types of Check Sheets:

» Classitication: A trait such as a defect or fuilure mode must be clussified o a
CATEROTY.

= Location: 'The physical tocation of & trait (5 indicated on a picture of a part or item
being evaluated.

« Freguency: The presence or absence of a trail or combination of traits is indicated.
Also number of eecurrences of a trait on a part can be indicated.

e  Measurement Scale: A measuremnent scale 15 divided into intervals, and measuremenis
are indicaied by checking an appropriate interval.

s Check List: The ttems 1o be performed for a task are listed so that, as each is

accomplished. it can be indicated as having been completed.[3]



The uble below shows a check sheet used to collect data on lelephone inlerruptions. The

tick marks were added as data was collected over several weeks, [1]

Tabic 5.3: Check sheet tor data collection of telephonic interruptions

Telephone Interrupeions

Eray
Raasan :
o Tugs e Tnurs e Toum
WYIDIng S e Hit i l Ht Hi I 20
NG reques: 1 I Il I I 19
S HiT I Hitll | |1} 19
et iz 3 19 G 13 4%




CHAPTER 6
PROCESS ANALYSIS FOR NO. OF FAULTS

6.1 ANALYSIS OF NO OF FAUL'TS USING C-CHART

In this chaplet, we will anadyse the precess for 1otal and all category wise laulis, Data hay
been taken and compiled from ihe daily outage repon published by Network Management
depanument. Period of data is 1% to 307 October, 2007, As mentioned before, faults have
been Laken for Lthe sites of Dhaka region.

Table 6.1: Lisi of oulape related netwaork faulis under Dhaka region | 11]

5L ¢ DATE Total feult Mo &f faull-  No of fxehe [ No.of favlt. | Ne.of fault-  Noof fauh-
"o L. _ ITSHW T EXF Lt Porwer LOMW - HCMW
I 1oa07 I 4 %0 14 T 1
| 2 T0adT ] 123 0TI 50 -3 36 "
i 3 30007y M 6 N . I3 L. ™ n
a TROTITT o6 T, GT.® 7o & FT IR us i
5 | 50a07 ' M ! 6 -% : T ] .0 6
6 SBOXOT m_ToeC D 4 TTeTm s b
LT T0a07 | 25 T L ] 182 , 15 ) 14 2
CeTTRORRT, T Emar . MT T s e
% . 907 | Az - 24 o 2 4
o THOIT 1w T oom D 1T % T3 g
o 10ad? - Im 2 7% 4 37 7
p MoadyT B Tr 3 . om T w0 @
12 13007 [T EM 4 ™ 5 42 t
W TRy mME ge il . 46 T H oo, =1
1 50007 | TI4Y ] 1 I B : 7 - 45 . 9
“le TROEMT WS Dm0 M e T T
=177 1Toa07 LRy ) [ = ' 15 19
B TIROa0TsE 1w D=y - 70 b L R 46
(19 19.0007 | T KT | I 52 8 19
E M TNROAG T P [T 96 =TT I
M NOa07 'MW 3 1! - a2
B2 SR e ST 7 A A N R U T M
L 23 1007 | 130 7 f- B BT %
4 EWOTMS O Tz W TWTTID
W BWOa07 . B I : 72 1 47
% [HOTHITT s T ;o TTlsTOR 4
27, 700 N3 4 N 4 13
i TEDEW e DTr e TTT T omc
£ 29.0007 ] 1275 2 T . 17 .18
j ¥ THO0a67. 125 WYy T £9 - B I8
} Sum | it I N T 1L S I,




6.2 ANALYSIS OF TOTAL FAULTS USING C-CHAR'Y

It was n challenging 1ask far the author 10 analyst the s&orviee orienicd process using any
charts from different conmel chans. Every control chats were loek into in details hut only C
control chan best [ited for the anatysis. Now all datn wil) be pnalysed using C-chon and

find out the swius of te system whether it is under control or nol.

First, the analysis will be done for 1o1a! faukts. After that, {or all the 3 categorics, the

process will he checked.

Table 6.2: Fauh Analysis using C<hart- Total [aults

S DATE ' No. of totat ChywCl - ° UCtmChars 3*sge C  [LCL
i_-_" . fault- - _ _ _ bar E'
: 1-Oct-07 124 ! 11943 ;1522 )
2 - opoRmTTTTTT o2y TTiea T T s S X
3 :"}0631"_" B T "iL Tnesy 1522 o
4 "R-0a07 - o® ST Imay . Is22 :‘n‘]
5 400107 rl - (4943 1522 0
6 oo 88 TTo194y T 1512 7o
’ Loa0? 218 (19.a% k522 o
] ¥0a07- 7 ¢ 10% B E 1 5 1522 01
9 w007 @ 119.43 152.2 0
19 ’'-Il'ifn‘.'_!iLTi:w“"“‘“F 130 TTTRgMT T s — o
St _ *énvm'm 1 128 ) I* 119.43 1522 ;' [+]
12 “13-0ct. T (pa T - LT HIATTT 152.2 - 0
B Boaw T 1% _.:"_"ﬁ'é.ﬁ" Cos2 _ 0
(TR F W2 o, ¢ 78 Ll 3 |- 7 3 I 1532 S
R LN T ¥ W, S PT 1945 152.2 T T
13 100107 - 145 A 1L 25 R 152.2 T T
7 oaw 122 BT 152,2 0
N £ ;rsfrﬁm_ ' 136 THadAT 152.2 - 'o‘
L BT 90007 L E19.43 152, o 0
F T CweEn Ty R T em ¢
n P 31007 B 7] 19,43 1522 0
22 2ot T T 1. ST T s )
23 ' 23-Ont-07 : 150 ' F19.43 i 152.2 oy 0
E 24 TEONGT 122 i‘?:‘mz__ 1522 . 'I
13 25.0wr-(7 ’ M £19.43 152.2 - 0
2 ORI T T 5, 148 TTTORAYT T 1822 . o
3 . - — . i M B, . . PSR

.56 -



Calculation of parameters of C-Chart for al} (aults of the syutem:

Calculation of ell the parnmeters of C-Chart [or all 5 types of faulis bas been shown These
have been conpuied as piven below:

C bar=Cl.= 358300 = 119,43

UCL=F1243+3411943 = 1522

LCL=119.43-3¥119.43 =86.64

In this case, tarpet of the deparnment is 1o reduce the no. of faults s much as possible. [f
there would be zero fault, then the svstern would be perfect. For this rexson, in this case
study, for all rypes of faulis end analysia, LCL has always been considored as rero,

All the dzia has been plotted end the chart is like below:

Analysis of Total faults using ¢ chart

RSN

0 L.l.-.-L..Iu...'.-lu. gy gy sl gy sl g el iy

4

—— =y = e e e ey e el = = = e g
5553395553585 5088858558558858%
TERERERIRLINITNINIALINRILI4ES

Figure 6.1: Analysis of 1wt foults wing C-chan
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Comments: From figure 6.1, it i3 clear that the system is out of contml. On 7™ Oct, total
no. of faults was over the UCL. If we see the comesponding table, we can wee that on this
particular day. tetal 218 no. of Taults occurred which is abnormal compare to othes day's

taults,

Il wi cxclude the faults of this day, C—chan parameters are calculated as

¢ har=C'L= 3365/29 =0.073
UCL=0 075+390.075 (1-0.075¥1510 = (.05
LCL=10

Calculation tor the whole month excluding the abnormal high faults of 7" Qct 15 given in

Tahle &.3 in the next page.



6.3 ANALYSIS OF TOTAL FAULTS EXCLUDING 7™M OCT

Here analysis has been done for total fzults bui excluding al) the faults of 7* Oct, Thix is to

ser whether the process was out of control only for this day’s abnormal number of faults ar

there are atber repsons also for taking the process out of contrel.

Table 6.3: Analysis of total fault using excluding abnormal high fault of 7* Oct

b SL DATE Total Faunlt Char =
e — . . = txtluding TthOet CL
1 .00 ¢ 123 116.03
2 1720007 123 116,03
2 3-Oci-07 144 116,03
& 4-Oct-07 68 116.03
5 5-Oct-07 71 116.03
G 6-Oct-77 58 16.03
7 5-Oct-07 108 146.03
8 300107 42 1603
9 10-Oct-07 130 116.03
10 T_11-0ct:07 128 “Ti603 T
11 12004 123 116.03
12 BCadT T 136 T 11603 =
13 14-Oct-07 78 11603
14 ™ *15.0ct-07 " 147 16,03
15 . 16-0ct-07 145 116.03
16 17-0ct0? ] 122 116.03
17 18-Oct-07 136 116.03
18 19.0ct.07 _ 17 116,03
19 20-Oc1-07 134 11603
20 ' 20-Oct07 74 R .
2] 22-Oct-07 132 1£6.03
22 " 230107 150 L6003
| 23 24-Oct-07 122 1£6.03
P U 25-00.07 T 13 "jie03 7
25 26-0¢1-07 148 116.03
26 270007 13 116,03
27 28-Oc1-07 100 116.03
2R 29.001-07 127 116.03
29 30-Oc1-07 125 116.03
; Sum 331‘31 L )

UCL=C bar+
J¢syn Cbar

148.35
148,35
148.35
148,35
148.35
148.35
148.35
148,35
148.35
148.33
148.35
148,35
148,35
148.35
148.33
14835
148,35
148,35
148,35
148,35
14835
148,35
148.35
148.35
148,35
148,35
148.35
14835
14835

[.CL l
0 :
o ]
O
0 ]
O
0 }
O
= 0 3
5 .
R R |
O
.o,
0
[ ;
O
0 '
0
5 . 1
O
R D |
0 .
o
0
_ 0 ]
0
T i
O
0 o
0

If we plot ibe above result in the chart, we can see that the system s quite under contro!
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Analysis of Total faults using ¢ chart
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Figure 6.2: Analysis of wtal faults wsing C~chart excluding the high faults of 7 Oct



6.4 ANALYSIS OF BTS HW FAULTS USING C.CHART

[n this chapter, 2nalysis has been done ta sce the status of the process for e aid period in

respect 10 Base Transceiver Siation (BTS) hard ware (W) fautis,

Table 6.4: Analysis of BTS HW faults using Cchan

b SL DATE No,of BTS Char=  UCL=Cbar+ LCL
- _ _ [aults Ol _ 3 sgri Char )

| 1.0c1407 4 3137 8.87 0
2 2-Oc 107 2 3y 8.57 0
3 3-Oct07 6 .37 3.87 ]
4 4-Oc1-07 6 3.37 3.87 Q
5 5-Oct-07 6 3.37 8.87 ]
6 6-Oct-97 = 77 G R 5.87 _0°
7 7-Oct-07 5 137 5.87 0
8 00107 3 R 5.87 0
9 9.0c1407 2 3.37 5.87 0
10 10-0c1-07 6 3.37 8,87 0
I { 1-Oc1-07 2 3.37 £.87 0
12 §2-Oct-07 3 3.37 8.87 0
13 13-Oct-07 4 3.37 8.87 0
14 b4-Oct-07 | 3.37 5.87 0
15 £5-Oct-07 I 3.37 887 0
16 | 6-Oct-07 5 331 7 £.87 "~ 0°
17 17-Oct-07 1 3.37 £.87 0
18 © 7 1EGet07 7T 3 337 7 £.87 M | I
19 19-Oct-07 | 3.37 887 ]
20 2001007 ° 3 AR RR7 - d -
21 21-Oct-07 3 3.37 §.87 0
22 2200107 G 337 887 0
23 23.0c1-07 7 3.37 .87 0

[ 24 24.Oct-07 2 337 8,87 0

P25 25-0c1-07 1 1.37 8.87 0
26 "26-Oct-07 1 ki i S 8.87 0
27 27.0c01-07 ; q 3.37 5.87 0
28 R0 T 2 R 8.87 0
29 29.0c1-07 2 3.37 8.87 0
k1 30-Oc1 067 3 ik A 587 0
Sum _ t01

- . -, ———

C bar=CL= 101730 = 1.37
UCL=3.3743¥3.37=8.57
LCL=0

&l -

'y ..ILJ_..___H_—.A........L—..



All the dmia has boen plotied end the chart is like bedow;

Analysis of BTS faults using ¢ chart

(- I MR T I I ]

Figure 6.3: Anealysis of BTS HW faults using C-chen
Cammmts; From the asbove graph, it is clear (hat the system is under 1ol control, In no

davs under this sample period, no. of faulis related to the BTS hardware problem wem
beyond UCL.

+ B2 -
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6.5 ANALYSIS OF EXTERNAL POWER FAULTS USING C-CHART

Exaternal power is the highest coniributor among all the 5 major categories of faults. En this
chapier, anatysis has been dane using C-chan 1o see 1he status of the process for this type
of faull,

Table 6.5: Analysis of BTS HW fauhs using Cchan

SL 7 DATE | DuemalPowss  CharmCL  UCUeCbare 3* pqn LCL Ty
] b fauk & hor ;
b E_E.T-ﬂ_‘:_-f = ®m° ]TI §00.24 l 0
2 Jti-gi_m_:f. H4 =E__:'_.1__:|? _: 10024 “j;"_ﬂ:
3 F-Oned)7 i L l 7437 |' 10024 k 0
4 M ADa0] T 1 Tp—— 7 et 100.24 *;:i‘:
5 T’Wf g i 74.37 i‘_ T 1mas } 0
6 *"- 5O 17 "'" 4 ‘:Ei 11: 10034 “'"_ 0 :
[ 7 7-Oc 077 l 182 '! 7437 i L 24 3 o
T § R Oady BT TmSan e ogs Y0
T R A T
L 10 00007 "W —F1)7 100,24 te— :
, ———— - pp— - 0 dl— - —— .
i ﬁ 11-Oce-07 l' 103 '| I = 100,24 ‘ 0 {
12 ™ 12-00.07 o 52 T4y 100.24 0
13 E'_Tfn;? i » ¥ Bw -: 100.24
14 3 140007 =Y 46 Kl TR T Rk 10024
s i 150007 1 8 JT: L0024
15_"_;!"-?&&1'-&1-: EiEE ‘::_14_31: ] 10022
n} 17-Oct 07 R I 17 r 100.24
I8 4- 18, n'_‘i"?__... 03 ‘:3,1?_:* 100.24
19 L— £9.Oc1.07 I 1 l 7437 ‘ " 10024
nimmounTy W [TAEN o
i } 2¢Ot 417 T 2t 'l 4.7 T o
on :;z-cﬂ-ﬂ';r : ™ ;:;”:”. : 100,24
3 S W o LN r R .1 7457 10 24
X g f.t.ci.-:-m_:i . ,EE?: 10024
25 1 25-0u1-07 n M7 t L0024
2 4P 3E O AT £ 7437 10X, 24
7 | 200 i 35 !' 7437 [L‘ 100.24
T S8 Qo T = &5 - — 100,24
AL, . = — 1 R, T S—
— BT ] LI | = 100.24
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Calculation of paremeters of C-Chart for external power faults:

Calculation of all the parameters of C-Chart for external power faulls has been shown in
the tnble abave, These have heen computed es given below:

C bar=Cl.= 2231130 = 74 32
UCL=74.37+3v74.37= 100 24

LCL=0

All the data has been plotted 2nd 1he chart is like below:

Analysis of External Power Problem using C-
Chart

Figure 6.4: Analysis ol exiernal power faulls uung C-chart

Comment; From the nbove charl, we ¢im see Lhal the sysiem went out of the UCL, hugely
on 7® Oct. Total number of frulls on this particular day was 182 which is really abnormal

compare 10 other days. 1t's pearest no. of faults oocurred on 2™ Oct which wns 104,

[nvestigaling this day’s power situntion of Dhaka region. it wes found that huge loed
shading occurred due to low production of the power generalion zulberty (PDB) on that
doy. Thal's why, for leng lime, Ihese 1510 sites hed 1o depend on muto gonermtor and
baitery, We have some porteble gencrators 1o provide backup power during this type of
situation, Bul the number of auto generator as well as the manpower is Jimited. Engincers

part priority om the hugh priority siles like the crilical transmission potnls, covermge sites etc.

During the enalvsis for ol favts, we lound thet svsiem went oul of control on the same day
ie on 7 Oct Though we will do the pnalysis for other remaining Tauhs, #1 this mament,

.



we can assume Lhat the abnormal number of eaternal power faults af (his day is responsible

for taking the system out of control.

6.6 ANALYSIS OF INTERNAL IMOAWER FAULTS USING C-CHART

In this chapier, Cchart analysis has been done for the internal power Taulls. Thew are the

faults which occur inside the rectifier or the air conditioncrs.

Table 6.6: List of intermal power faulis with C-Chan pammeten

kSL =~ DATE  Ne.ofinterml Char= UCL=Cbar+3*sgnC  LCL 1
[ power fault I bar I
§1 1-Oct-07 ‘14 0,30 18.45 1] 1
E 2 2007 3 A 18.45 o
3 3-Oxt-07 13 9.30 18.45 0
4 4-0c-07 L5 9.30 18.45 0
i S 5.-0ct.07 bl 9,30 tR.45 0
j 6 ° 6-0ct-07 £2 9,30 18.45 K
7 7.0c1-07 15 9,30 18.45 0
' 8 78007 3 9.30 18.45 0 |
F 9 9-0ct-07 10 9.30 18.45 0
L 10 10-001-07 7 930 I5.45 0 i
b1l 1 1-Oct-07 4 9.30 18.45 0
12 12-Oct07 10 " 9.0 £8.45 "0 :
13 13-001-07 5 9.30 18.45 0
14 14-Oct-D7 7 ~ 9.30 18.45 0 1
15 15-0c1-07 7 9.30 18.45 0
16 16-0c1-07 12 930 18.45 1]
17 . 17-Oct-07 15 9.30 18.45 0
18 7 1%-Oct-07 10 T 930 18.45 '
9 19-0ct-07 8 9.30 18.45 0
20 T0-Oct07 T £2 T 830 £8.45 "0
21 21-0ct0? 2 9.30 18.45 0
;22 2200107 7 T 0.30 18.45 o 1
v 23 2300107 14 9.30 18.45 0
24 24.0007 10 9.30 18,45 ~o0 |
25 25-0ct-07 1 .30 . 1845 0
' 26 A0t 07 15 ©OTRA0 18.45 0
27 27-0c107 4 9.30 18.45 0
28 280007 3 9.30 18.45 ] 1
29 290007 7 9.30 18.45 0
30 30-Oct07 i3 9.30 18.45 o !
Sum LM —

.65 -



Colculgtion of parameters of C-Chart for tmemnal power {oults:

Calculation of all the perameters of C-Chant for internal power [aulls has been shown in Lhe
uble abose, These have been computed as given bedow:

C bar=CL= 27930 =930
UCL=930+3¥D.30 = 18 4%

LCL=0

All he dala has been plotied and the chart is like below:

Analysis of Internal Power Problem using C-Chart

11-0ct-07
11-0xt-07
13-001-07
2-Dnxs-07
217T-Oxt-07

i
|
o
|
i
o

Figurc 6.5: Anelysis of internal power faulls ustng C-thant

Comments; From figure 6.5, it is clear that the system is under tolal comrol. In no doys
urnder this sample period, no, of foulls relaicd to the intermnl power problem wan bevond
UCL..



6.7 ANALYSIS OF LOW CAPACITY MW FAULTS USING C-CHART
Laow capacity microwave i another major category of faull contributor in the GSM
nctwork. In this chapler, anatysis has been done (o cheek Lthe sistus of Lhe process for this

type of laull.

Table: 6.7: List of Low capacity MW nults wilh C-Chart parameters

SL DATE | No.of LCAW CharmCL  UCLRC bars 37 ICL
i fauly e C bar
b 101 ) 3.4 v o
F oal " 3 HR - 4930 - - 0
b ) 10agt » e axn 0
£ F¥. 07 A5 nan 413 a
3 1Qa@m 0 3 2 aN o
(4 E0c-0n ¥ 14 1% a
? 20007 1 3147 00 a
3 x 0o} L] nn FLR ) - a8
o 80047 H v am 2
th o iHe % [V B 400 4
£l JPey. Lt T me a1, K}
JE } 120c@m M P A5 - e -
1 noa a7 ¥ 30 T
14 14001 n 1347 1530 I
| m 1303407 1 N4 W v
14 O 0T 'y Jrav o i)
T (70 T 3141 X 30 o
17 I-oadn ) Yiar 45 30 ]
19 18000 1 341 0 o
= Woad 1. 1.0 4530 b
2 MO a7 R4t 4830 o
n TR ® Lk M it H (1
i n noam 4 nar g Ty T e
T T %Y . % M &7 &0 - o
25 W r Todvar at 0 )
~ SonEm a5 1.0 ux 0
n PO = na 4830 0
] 2 Locum I na L0 o
S MO0 b1t 147 4530 )
"o o I na 1R P
S wa
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Calcutation of parameters of C-Chart for Low capacity MW faulis:

Colculation of all the paramcters of C-Chart for Low capacity MW _faults has been shown
in the table sbove. These have been compuind as given below:

C bar=CL= %44/ 30 » 31.47
UCL=31.47 +3¥31.47 =830

LCL=0

All the dzia has been plotted end the charl is like below:

Analysis of Low Capacity Microwave using C-
Chart

co3B85KE

— iy = iy g e g P e S g g g i e e g e g g ey
P P P P P P P P P P e P L T T T T T I R T T T e T
55%989998553588399959959e999ee9
EEEEEEEES SR IR LR R R AN EIEE

= LOWY CAPACTTY MROBLEM ==L —a-{L —e—I01

Figure 6,6: Analysis of Low Cepacity MW (aults using C—chart
Commems: From the above Lable, it is clear that the system is under iotal control. [n po

doys under this semple period, no. of foults rdated w the low capzaty MW problem went
bevond UCL.
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6.8 ANALYSIS OF HIGH CAPACITY MW FALLTS USING C-CHART

Impact of high capacity MW faults is huge. [n this chapter, Cchart analysis has been done
for this type of fault. Using the equation, here Cl= 4,20, UCL=10.35 and 1.CL=0.

Table 6.8; List of High capacity MW laulis with C<chan parameters

St DATE  No of HCMW rauh  TCbar=Cl ~ UCLwC bart 3 &qni G har
I 1007 1 I 430 1033
1 rROEeTT 2 R | 1035
b 3 | T 3oa0r 4 v I 10,35
| 4 Tsomo T VT T T s T
5 50007 'E .6 az0 1.3
| 6 ~ o0adli T o ¢ 1035
v 0007 2 BEPTT 1035 T o
L] B0 7 7 a4 420 1035 i}
g 9.0ct-07 4 430 1033 0
10 ° H0-0HDT 3 ) _ 1035 B’ B
It 110007 7 Y 1035 o ]
e S e
;m . 13:0a-07 | 6 ' E 410 R | L o
l 14 "i:—::nE:-:n__; | - :'_*fd.‘e_nﬁ 10.35 J_r_"__ﬂ__w
L 15 150007 "9 430 : 1635 0
16 THOG ? R [ B 10,35 o {
17 170007 4 Y. ' 10,35 0
L LE Y 1 7 ol | S 10.35 -~ 5
19 %0007 7 P 1033 p !
20 __:hut‘oa'?m‘“ ] s i a5 C T
F 21 2Oa0? 7T 6= 420 14 T 1033 : 0
o TwomTl WS FERRTE - s 0
Fa ) 13- Out-07 3 i 420 : 1035 0
# WO 3 - =4 — 1035 e
75 250007 5 T 420 1635 o i
% WO0T 3 T a2 ' 1035 1] '—j
7 210007 3 420 1035 0
P I ¥ o TN r A $ R (S 10.38 S0 J
% 290007 7 o4 K038 I S
0 {R0a07 2 ' 4200 T 60.35 — 0
Sum: 126 ' I T




Calculztion of parameters of C-Chart for ligh enpacity MW faults.

Caleulanion of all the paremeters ol C-Chart for high capacity MW _(hulls has been shown
in the table above, These have boon computed as given betow:

C har~CL= 126530 = 420
UCL=42043¥4 20 = 1035
LCL=0

All the da1a has been plotied and the chart is like below:

+

Analysis of High capacity Microwave using C-
Chart

55555555055535858882333238%343
TERIRRTIREIIREIARAIILLI L5808
= HGH CAPACITY PROBLIM =e—LU0 —s—{ ——L0O

Fipure 6.7; Anohysis of High Cepacity MW leults using Cchan
Comments; From Lhe zbove table, it is clear that the system is under total comtrol. In no

days under this samplc period, no. of faulls relsted to the high capacity MW prablem wenmt
bevond UCL.
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CHAPTER 7

PROCESS ANALYSIS FORMTTR OF
VARIOUS TYPES OF FAULTS

7.1 DEFINITION OF TWO OPERATIONAL KPL: SLA AND MTTR

Service Level Apreement (SLLA): When a laull occurs in the network. it needs o be
cleared within a specific period of time by the concerned department. This amount of time
has been set considering the impact of the fault. practical requircment of time, previous
history etc. An agreement is prepared with the stakeholders Tor all types of fauls stating
hiow much time 15 required o rectily Lhe specific taults, This time is mentioned as the SLA.
For exampte. i a fault for low capacity microwave occurs in the neework, Nl wull nohify
the ROM engineers and ROM engineers has to rectify the [ault within 6 hours of
notification I ROM cngineer tail to rectify i within this timeline, SLLA for bandling this
fault will be treated as [ailed otherwise achieved. SLA report on different frequencies is

published to see the organizational performances.

Meun Time Toe Restore {MTTR}: From the defimition of SLA, we can sec that a fault has
0 clearcd within a timeline. Actual time required to clear a faolt is known as the hean
Time To Restare (MTTR). Normally in Management, this KPT 15 known as Mean time 1o
repair inslead of restore. But in (clecommunicaniom, network or scrvice restoratien 14 the
same as» repair [or the factory process. Reporl on MTTR is also published on different

frequencies (© measure the organizational performances.

- Time 1equired to restore a fault

- MTTR target time varics for ditterent taults !

. Unit of MTTE 15 hour

= Value of MTTR 15 measured by the duration of fault {clear time-event time) divided

by new of Taules
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7.2 ANALYSIS OF BTS HW M. T.T.R USING C-CHART

Dala for MTTR of BTS HW faults are shown Table 7.1, Here total restoration time has
heen clalculalud by maltiplving the no. of faults of each day with the MTTR of that day for
a1l faults. Total restoration time is the cumulative restoration tme for the whele period e,
from 1% 1o 30™ October. C bar has been calculaled by total restorabon time divided hy the

tatal no. of faults for the sample period of Oct'd7.

Henee C bar = CL=92.94101 = 0.92 hours

Then UCL. comes from the equation UL = C bar + INC bar
== [1C1L= 3.80 hours
I

L.CL has been considered as sero since the target is to clear any fault within the shortest

possible time which means zero Lime, !

ST



Tahkle 7.1: List of MTTR for BTS HW frults [ 1]

i No.of § MTTRof Total Char = Cleaal -~
P Sl DATE | BTS | BTSfauha { Redortion fe Lhor Hon LCL LCL
« Taults T () lite (hiotr) timesNo.of Fzull
| 1007 _j 4 __{ 033 132 0.9z 38 |0
] 20007 2 037 094 092 3% 0
3 3.0ct 07 o 135 X .92 38 0
4 A-Oc07 6 0.35 2.10 092 3.8 0
5 $-Oct-07 6 155 930 0492 - T 0
6 6-0ct07 3 0.24 .44 092 18 i
NI el XTI S Tl N Sl S e e il 38 | 0.
5 8-Oct-07 3 0,88 2.6) 0.2 15 0|
9 | _ 9-0ct07 _§ 2. 0.x 162 -f - 0%, _ . | 38 0
10 10-Ovt-07 6 036 2,14 092 3K 0
H 11-00t-07 2 -0 — - osh | 0% 33 0
12 12.001.07 3 148 344 052 38 0
13 130007 4 {1 057 126 T 092 1. 38 0
14 14-O¢t-07 1 0352 0,53 092 38 0
15 15-Oct 07 ] 0.68 0.65 03T © |- 3A ]
I 16.0c107 5 1.06 53 092 18 0
N E 4 047 0.17 Mz 3.8 0
18 15.0¢1-07 3 D46 L3S 0,91 33 ]
19 19.0ct07 | 63 . f_ 163 - | 092 - 1 38§ 0 |
0 | 20.0007 3 NE 332 __oW2 18 0
TATE 20007 § T 3T F T DSt - t96- F . 092 1 3§ § 0
17 | 22007 6 0% 653 0.92 15 0
23 | BO0a? _§ 7 _f LI 7.96 0.92 38 0
W[ 240007 2 034 0.68 0.92 35 0
25 [ 2350207 | | —=| 002 0,02 - 092 | 38 0
W | 260007 ) 0.2% 0.28 0.92 35 o
27 ] 3007} s | 306 12.34 e 092 F 38 L
28| 28-0ct07 2 3 A0 6.50 092 1% 0
2] 79007 2 0.90 1% | 092 NEEIN g-
0 | 3000107 3 0 63 .95 032 1k 0
Lo 101 w294
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Analysis of ETS taufts using Cchart

== LITTR of TS fandy (hexr)

== bt » CLa Jotel resderaton liveMo.ol
e

-—1

——L0

MTTR o1 8BTS faulis

#@&&&&@@&ﬁﬁ&@&@

. qx wwwuwwu
n‘*ﬁ"d“ “‘n-\-t* —C"q."'"q.'ﬁ‘

Owys

Figure 7.1: Graphical presentation C-chart for MTTR of BTS HW faulis

From the groph ebove, il seems that MTTR value of all deys of 0’07 for BTS HW faulis
fall within the UCL end LCL. It slso varies in both pan of the control tine, This means that

the svsiem is well under comrol lor this cose,

73 ANALYSIS OF MTTRH FOR EXTERNAL POWER RELATED FAULTS USING C-
CHART:

Daln for MT' TR of external power faulls are shown in Table 72, Here total resioration time
hzs bean calcutated by multiplying the na. of faclis of exch day with the MTTR af that day
for alt faulls. C bar has been calculated by il resioration time by the toiel no. of faults for
the sample period &f Oct"07.

Then UCL comes from the cquation UCL = C bar + 3¥C bar
>> UCL~ 3.4 hours
LCL has been considersd ot zemo since the larpet is to clear any faull within the shoresi

paasible time which means zere time,
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Table 7.2; List of MTTR for exlernal power {aulis [11 ]

i e MTTR of Toul C bar = CLa torat
L, DATE Tovarer fazlt EX I fouhs rt_.ﬂ frithon malormbkm limeToal |- UCL 1L
! ) time (hr) no_off faukt
1 -0a97 {88 [ 126 _ [ . 10050 0.57 354 )
= 20107 104 140 145,60 097 154 o
3 0007 |- 9% 132 129.36 0.97 154 o -
i 40407 I 023 0.29 097 3191 )
[} 5-Ovid7 8 0.4 1.92 0.97 154 )
6 0107 4 133 $32 097 191 )
7 10047 | IR2 091 164.46 0.97 154 )
& 8.Oct7 4 0 &0 061 097 194 0
T 24 (.70 T 697 gD
10 10-0x1. 07 T 0.42 Il 097 194 0
1 10057 103 03 1 LR 097 ~14y | 0.
12 12.000-07 B2 0.74 60,54 097 1.94 0
=43 ] 1300007 79 0857 45.07 = - 097 ] 394 ] ©
14 14.0c3-07 46 0458 3594 097 394 0
|35 | 15:0a-07 § " BS _ il T I R LT 198 _ | 0
16 16-Oct-07 74 0.50 44,75 097 358 0
17} 10007 K3 | - 044 2004 057 - |“394 [0
18 15.Oc1-07 103 0357 5456 N7 394 0
19 " | 15-O¢t-07 2 | 117 — 45.71 0.57 354 [
0 20-Dc1-07 % 111 106,94 Y] 304 )
¢ 20007 | 2 | 159 3335 - F 087 394 o
2 22.0c1-17 T4 1.67 1337 0.97 154 ]
N T 230007 80 {04 10 097 394 1 ¢
24 24.001-07 79 0.72 57.04 0.97 1534 )
15 25.001-07 72 T LI2 0,64 — 097 1% 0
26 2600107 T 0.97 75 %0 097 3.94 0
27 27001417 75 | . 1.0z 76.82 D97 = T { I i O
28 380107 68 1.2 §2.30 0.57 1,04 0
T | 007 ] o Eh L3 ons . i 087 - 3% i D
1 3001407 29 152 135,20 0.97 1w 0
Sum 1231 21TLEY
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Anatysis of MTTR for EXP fouhs using C-chart

— 4= MTTR of EXP 2l (1)

—a— (; bar = CLw otz res oabon
tmeToa! no of fwull

—a—LCL

—— UCL

MTTR of EXP fautst

s pm ym gm ww

&
)

01102007
03-10-2007
03-10-2007
7-1Q-2007
£9-10-20067

Q7-10-2007
Qf-10-2007

Figure 7.2: Graphical presentation of C-chant for MTTR of external power faulis

From the graph chove, it scems that MTTR vatue of all days of Oc1’07 for exdemnal power
faullt fall within the UCL. and LCL. It also varies in both pan of Lhe control kine. This
means that the sysicm is well under eontrol for this case.

7.4 ANALYSIS OF MTTR FOR INTERNAL POWER RELATED FAULTS USING C-
CHART

Data for MTTR of internal power [aulls are thown in Table 7.3. Here lotal resioration ime
has been calculated by multiplving the so. of Taulis of each day with the MTTR of that day
for all faults. C bar has been calculated by tow! resioralion time by the tatel no. of faults for
ithe sample peniod ol Oa™07.

Then UCL comes from the equation UCL = C bar + 3¥C bar
>» UCL= 3,14 hours
1.C1, has been considered o ze1o0 since the target is 1o clear any [aull within the shoriest

pessible time which means rero time,
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Table 7.3: List of MTTR for inlerna! power faulis [E 1]

B = INo.of ~ ]MTTRof: _ [Toil . :{Char=0Ci= BE
SL " i DATE internal Inlerand pOwer § resioration | total restoration | UG | LECL
PO Y power {foult | fauhs ¢hey 7 fime(hi) | Lime/No.of fault
| 1.0ct-07 { 14 - 00z -i- 014 =067 304! 0
2 | 2-0ct07 3 1.27 381 0.67 3.4 | 0
"3 -1 3.0ct07 13 0.54 7.2 " 0.67 3.14 {- 0
4 | 4-0c1-07 15 0.16 2.40 0.67 3141 0
[ 5§ 50107 | 1l 0.38 4.18 =067 |34 170 -
6 1 6-0c1-07 12 0.3 172 0.67 L4 0
7 | 7-0ct-07 15 0.32- = 485 . 067 {314 O
8 1 §-Oc-0? I 0.41 1.22 0.67 164 ¢ 0O
9 1 9.0c1:07 10~ [~ 107 "4 1067 ] . 067 _}3I4]) O
10 | 10-0c1-07 i 0.67 4,69 0.67 34 0
“EL ) 10607 § 4 [T 137 546 - 067 GE3H4§ 0
12 | 12-0c1-07 10 0.35 3.50 0.67 34 [ 0
13 | 13-00107 |- ST f 053 2.64 0.67 T4 0
14 | 14-Oct-07 7 0.48 3.38 0.67 304 ] O
457 15007 §, T . . 0.72 502 ° 0.67 3444 0
16 | 16-Oc1-07 12 0.62 7,39 0.67 314 ] 0O
217 -] 17-001-07 45 [~ 045 6.75 " 0.67 14| 0
18 [ 18-Oct-07 10 b 44 14.38 0.67 4] D
. 19 | 15-0c1-07 8 [.75 1386 .t 067 314 | 0
20 [ 20-Oct-07 12 0.6l 7.31 0.67 3.4 | ©
- 21 | 21-Oct-07 2 052 T | Lo 0.67 NEEI
22 | 22.0c1.07 7 1.31 0.14 0.67 314 | 0
: 23 | 23-Oct-07 14 0.8} 11.28 & 0.67 .04 ¢ 0
24 | 24-00t:07 | 10 0.87 £.68 0.67 3.4 | O
5 b 2500073 11| 05 __6.42 067 314} 0°
26 | 26-Oc1-07 E 0.19 2,81 0.67 3.4} O
27 | 27-0ct-07 j~— —d - =] — 040 . .t =160 067 Jam| 0
28 | 28-Oct-07 k] 1.27 1.8 0.67 34| 0
26§ 29-0ct07 — 7 - 018t =126 1 067 [3M4f O
30 | 30-0c1-07 13 2.28 29,64 0.67 sl O
Sum 21 185,17 i
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Angtysis of MTTR of ntemal Power taults using C-Chart

[ ]

k] e MTTR ¢f traerani power Guts ()
%

x —s—C bar = Ci= tobd restorrtion
o tirmeMs of it

[}

E N [

$

=

- - L

B

-

-

z

@@@ﬁ##@@ﬁﬁ#@@ﬁ#

MGG TS

A S :\‘\\‘\

n“@‘d‘ﬂ"ﬂ' v@"'sﬁ-t"b"?
Days

Figure 7.3: Grephical presemation C-chan for MTTR of intermal power faults

From Lhe gruph sbove, it seems that MTTR velue of all days of Oct'07 for interna power
fauts fall within the UCH and LCL 11 plso varics in both parl of the control line. This

means thet the system is well under control fer this cose.

7.5 ANALYSIS OF MTTR FOR LOW CAPACITY MW RELATED FAULTS USING
C-CHART -

% -

Data for MTTR of low capacity MW faulls are shown in Toble 7.4, Here total restoralion
fime has been calculated by multiplying the no. of faula of cach day with the MTTR of
that day for oll faults. C bar has boen culculsted by total restorstion time by the total no. of
foules for (be sample period of Oa’07, '

Then UCL comes from (e oquation UCL = C bor + 3¥C bar
>> L= 3,14 hours
LCL has been considered m zero sinoe the lergel is 10 clear any frult within the shoriest

possible time which mears #ero time.
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Table 7.4: List of MTTR for low capacily MW faulis with the C chan parameters [

No.of | MTTRof | Totl mi?f::ﬂfm ucL=C
51, DATE LCMW | 1.CMW | restomtion | & a0 o | bar+ 3% sqm g LCL
fault faults (hr} § time {hr) ¢ ’ C har
ault
1 | 1007 25 0.58 13.50 0068 [ 314 ] 0O
_2 | 2.0c1-07 36 0.58 30.88__ | 0.68 3.14 0
371 30007 39 0.6 17.04 | 0,68 3.14 -~ 0
4 | 4.0c1-07 45 0.34 15.30 0,68 3.14 0
5t SOot07 140 | 047 t8.50 068 3.14 0
65 | 6-0ct-07 35 043 | 15.0 0.68 3.14 0
=771 70007 14 =099 | 1383 0.68 3.14 0
R | 800107 | 14 0.61 5.53 0.68 3.14 0
-9 | 90ct07 {2 | 079 _ . 157 0.8 304 | 0
10 | 10-Oct-07 26 115 29.93 0.68 34 10
~3F ] 11-0ct07 37 ~ 102 | 37.75 068 | 304§ 0 .
12| 12-0c1-07 24 0,76 18.33 0.68_ 314 0
13| 13-0e1:07 | 42 _[__ 053 3§ 22.22 _ 008 | .-318__ | 0 1
14 | 14-Oc1-07 23 0.72 16.67 008 314 0
15 [ 15-0ct-07 | _— 45 091 2I.11 - 068 4 314 _| 0 .
16 | 16-Oct-07 47 0.92 433 0.68 3.14 0
17 ¥ 17-Oct07 19 0,76 1447 1 - 0,68 _ 3.14 0
18 | 18-Oct-07 46 0.58 26.58 (.68 3.14 0
19§ 19-0c1-07 19 0.43 §.19 0.68 3.14 0
20 | 20-Oct-07 18 0.75 13.47 0.68 3,14 0
31 . 21-0ct-07 42 204 1 8566 0.68 314 0.
22 | 23.001-07 41 0.59 24.20 0.68 314 0
33 | 230007 | 46 | ~08 {3824 | 068 - [ 314 ] O
74 | 24-001-07 28 0.35 9.72 0.68 114 0
25 §25.0007 4 42 | 0.36 2370 }. - D68 | 314 0
26 | 26-Oc1-07 43 0.44 21.03 0.68 e |0
27 | 27-0ct07 27 T 042 | 11,40 —0.68 304§ 0.
38 | 28-Oct-07 | ___ 31 0.35 10.85 0.68 3.4 0
29§ 20-0ct07 |25 i 037 0,15 — 068, i 314 0 _
30 | 30-Oct-07 i8 0.40 7.20 0.68 3.14 0
Sum o 638.59 I
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Anahysty of MTTR for LCMW tautts

—a— MTTR of LCLOW tulty ()

—==C bat = CL= ot mestoration
LoD of tult

—a=UCLEC bart T sqpt C b

—at= LCL

MTIR lor LCM'YW laul

U—B'F‘U-EPU-EP -59 -59 —59“-59“-59“-55’ & -59“#655’“-59“#
oV e e T N e A
Caye

Figurc 7.4; Graphical presentation C-chant for MTTR of low eapacity MW [aulls

From the graph ahave, it scoms that MTTR value of all deys of Oct’07 for internal power
faults [all within the UCL end LCL. It slso vorics in both pan of the control line, This

means (het the system is well under control for s cese.

7.6 ANALYSIS OF MTIR FOR HICH CAPACITY MW RELATED FAULTS USING
C-CHART

Dais for MTTR of low capadily MW faulls are shown in Tablc 7.5, Here 1ot restoration
time has been coloulated by mulliplying the no of faulls of coch day with the MTTR of
that day for all faults. C bar has been caleulated by total resiomtion Lime by the toal no. of
foulls for the sammmple period of Oet'07.

Then UCL comes from the equation UCL = C bar + 3¥C bar
>> UCLm= 3.14 hours
LCL has been considered as zero singe the Larget is 1o dear any foult within the shorlest

pessible time which means reto time.
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Table 7.5: List of MTTR for low capacity MW faults with the C chan parameters {1 1]

- a Char=Cl= e
No.of §{ MTTRef Totnl totn} UCL=C
S i DATE | HCMW i HCMW § restoration | restoration bar+ 3* LCL
fautt 1 faulis (hr) § time {hr) time/No.of { =qn C bar ]
) : ’ fault )
T 1 1-0c1-07 b 3. 0.21 021 | 0,54 273 10
2 2-Oc1-07 2 0.21 0.42 .54 2.73 0
=3 | 30c07 (a4 ] _ 0.23 092 1 054 | 273 0.
4 4.Oct.07 1 0.20 0,20 (.54 2,93 0
S| 5-Oct07 § 6 030 | 180t 08T | 273 0
] 6-Oc(-07 [ 1 08 108 0.54 2.73 0
7 - 7-0007 7l 0.53 107 0.54 _ 2.73 0
. 8-Oct-07 4 0.84 .37 0.54 2.73 0
g1 9-0ct07 A L5 [ 46l__1__ 034 213 0|
10 10-Oxc107 3 N5l 1,53 .54 373 0
U 3-0et07 | 7 1039 "~ 270 054t 1273 0
12 12-0c1-07 4 (159 2.37 0.54 273 0
13 : 3-0a07 . 6§ G35 ¢ 212 | 054~ '+ 273 "1 0. |
4 14.0¢1-07 } 0,78 0.78 .54 __ 273 0
15 1 15.0007 |- 9§ 0.54 | __ 4386 054 | 273 1.0 _-
16 16-Oct-07 7 0.58 4.06 (.54 2.7 0
AT | 17007 4 ] 073 21 T 054 {0 2.7 0
18 13-Oct-07 7 0.35 244 (.54 2.73 0
19 19-Ox 1-07 7 0.35 2.48 0.54 2.73 4]
20 20-O¢ 107 5 0,58 2.92 .54 2.73 0
21 21.001-07 6 0.34 2.05 . 0.54 2.73 0
22 220007 4 0.43 1.73 0.54 .73 0
- 23 | 23-Qer-07 3 032~ 095 1 054 2.73 g 74
24 24-O0-07 3 0.36 1.07 0.54 2,73 ]
25 | 25-Octli | =51 0.55 296 ] 054 {27934 0 4
26 | 26-Oct07 3 0.54 1.61 0.54 2.73 0
T27 i 20.0et-07 1 0.37 1.11 054 1 27 0
28 28-Oct-07 5 1.06 5.1 0.54 2.73 0
20 [ 39.0ct:07 § 7 ¢ -1.05 |- 7.3 054 273 | 0
| A0-Oce-07 2 .38 0.76 0,54 273 L
Sum 126 67,54
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Aratysis of MTTR for HOMW fauTta creing G-churt

—— TR ot HCM s Py

—a—C bar v CLv ot reyieryden i et of
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Figure 7.5: Graphical presentation C-chart for MTTR of high capacity MW faulls

From the graph above, it scems Lhat MTTR value of oll days of O¢t’07 for internal power
faults fall within the UCL and LCL. It alss varies in both part of the control lire. This

mezns tho the sy$iem is wel) under control for this case.
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CHAPTER 8

ANALYSIS OF PARETO CHART & CAUSE EFFECT DIAGRAM

8.1 PARETO ANALYSIS FOR MAIN CATEGORY

[n chapter 5.3.1, we leamnt sbout the Pareto chan and §0020 rule. This is a popular method

10 find out the focus area for any organisatinal improvement,

Table 8.4: Calcgory wisc list of faulis for the Oct'07 period

Al
1
||Ii'

5T,

|
.]IH |||!
g |

I " BTS problem 101 3
2 Extermnal power fault 7133 60 !
- Internal power Fault e - 10
4 Low Capacity microwave ~Toa4 23
fault
s High Capacity microwave 126 e T N
fault

Bar chan can be pleted for the above data 1o find out the focus points.

-83.



Bar chort for Perctn emabvsis of tota) Enks

a 00 |
&
B
& ID
=
20
s ﬂ“" 7
Low capacty Hyh capacty
BTS I:m
pmmm MW Ends ,muﬁut MW Bt 1 PO
®%Fmds} & 23 10 4 3

Figure £.1: Bar chart for Pareio mnalysis of tetal fauls

Comments; From the Graph it com be concluded that external power and Low capacity MW
fault are the majarity of the faults,

5.2 PARETO ANALYSIS FOR SUB CATEGORY

Now wr will do the Pareto analvsis for ell the 5 categories of laults.

321 Category 1: BTS Falis

Table 8 2 Parmo enalvsis for BTS faulls

Sub Category

BTS Hardware Problem
2 BT,-‘:'- Software Pm'l:l-l:r;:— 6 16 B
!'_T_‘= BTS Cenfiguration Problem 6 6
4 BSC-BTS Synchrenizmion 4 4
Problem

I 5 Automalic Rese 27" S ||

-B4-



Daln of table 8 2 is plotied in the bedaw bar chan,

Bar chot fw Pareto anakxic of HTS Frdx

&
H
£
[-W
F
-! — Y A
HTX Hardware BTS BRC-H1R -
probka BTS Softwore Confimation | Syrche mtion Aoy Reset
{5 fmsts 7 I 6 4 2

Figure 8.2: Bar charl for Percio enalysis of BTS faulls

Comrmens: From the Greph it can be concluded that BTS hardware and soflware problems

contribuled to the majority of the BTS lauhs,

83 CATEGORY 1: EXTERNAL POWER FALULTS

Table &3; Parcto enalysis for extemnal power faults

Sub Catepory No of Faulis %a fanls
i 1 ‘Iflltur.iris_Fnil ELd36 54 . ﬂ
2 MDB Breaker Trip 513 24
r‘s = Power Problem ot the link 278 SRl
I site o L "
4 High Tempersiure 114 6
m__w 85 3o ]
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Datn of 12ble 8.3 s ptotted mmd the bar chart is found like below:

Bar chart for Parcto ambst of Exteral Power Buls

E
X .'
[ =
=- M/ D

| - N

- Link stz power
Fui MDB Try
Mars Fa ® probkm Tmptrnhnl bﬂﬂt‘l’} problem
W % fauls 54 24 13 6 3

Figure 8.3: Bar chan for Parcto mnalysis of external power feults

Commenis: From the Graph it can be concluded that Long time Mains fmil and Muoin
distribution breaker trip problems contributed o the majorily of the EXP fauits

8.4 CATEGORY 3: INTERNAL POWER FAULTS

Table $.4: Reason wite no. of internal power Tou!ts

Sub Catezory

T | Circun Breaker 113 42 '
2 Comroller — _—W

3 Module Fail = 4 15

R Baticry Arcakes Tripped 30 T
s f.oad Breaker Tripped R 4 7 T
b Lightning problem 5 2

- Bf -



-— - -_ - —_—

Bar chort for Prret amiyss of e powet fufn

"% problem

Banery Brester | Losd Bresker | Lighnig
Tripped Tripped probem

o % Bty 42 26 15 11 4 2

Figure 8.4; Bar chan for Pareto analyvsis of imemal power feults

Comments: From the Greph it can be conduded that circuit breaker end controller cord
problems contributed 10 the majority of the internal power {eults

3.5 CATEGORY 4: LOW CAPACITY MICROWAVE FAULTS

Table §.5: Reason wise no. of low capacity MW faults

Ne of faukts =% Mnulis

Sub Catezory

Deyracled Quality

1
) Environmental Problem B
3 Cable Faulty " Vil i
a Pori Problem &3 " 3
P 5 Connecior problem T 41 S 5 g
=~ nterference Problem — 2 B
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Bar chert for Pareto b of Low Capacity Moosave Buls

.

C

-
-
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- rprgﬂtm
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Emtoomerzal Comxuw | Interfrerce
b
‘_ Cable Furty | Pon Problem o -
e%ad] 5 5 | n 7 5 3

Figure 8.5: Bar chart [or Parcto analysis of Low Caperity Microwave fouls

Comments: From the Graph it can be concuded that degraded quality, environment and
Cable fault are the major roll plover for Low capadty MW faulis.

8.6 CATEGORY 5: HIGH CAPACITY MICROWAVFE, FAULTS

‘Table §.6: Reasan wise no, of kigh capacity MW foulis

Sub Category No of fpults Ya Fanlis

o Degraded Quality 63 50 ||

=2  Gquipment Problem % 23

3 Configuration Problem — 17 e 14 l
4 Envirenmental problem 10 B

E::*_ Coble Fouly - 5 4 ' "
. Pon Problem 3 " 3

. BE -

W



Bar chart i Pureto anabyss of High Capacity Microwaye falts

% Problem

Iﬂ'ﬂ & s

Degaded | Dquprent | Confgunbon ) Bonmeetal | (e | it Probem
Quelity Problem Problem preblem
weoputs| 50 3 14 3 4 3

Fiourc 8.6. Bar chart for Parelo analysis of high capacity MW laulls

Comments: From figure 8.6 it can be concluded that degraded guality, environment and

configuralion problem are the major ro!l player lor high capacity MW faults,

8.7 ANALYSIS USING CAUSE EFFECT DIAGRAM

The cause-and-elTect diapram can help resolve problems by helping us pitpount the root

cause and stop trealing symploms.

1 resembles skeleton ol a fish,

Emphasizes group communication and brainstorming.

Stimulates discussion

Leads 1o increased undersianding of comples problems,

Visual and presentational (ool

(an be used w improve any producl, process, or service

Any area of the company Lhal is cxpenigncing a problem

Isolates all relevant causes

Helps bring a problem mio light
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- Group discussion and brainstorming.

- Finds reasons tor quality variations, and the relationships between them,

8.7.1 Creuting a Fishbone iagram

Establish problem {cffeet)

- Stae in clear ®nms

- agreed upon by entire group

+ Problem becomes the “head™ of the fish

- draw line w bead Cbackbone™)

« Decide major causes of the problem

- By brainstorming

- If the effezct or problem s part of a process the major steps i the process can be wsed
o Connect major cauvses to backbone of the fish with slanting arrows,

»  Brainstorm secondary causes for cach of the major causes.

= Conncel these secondary causes (o their respective major causes,

o Repeat sleps 5 & 6 for sub-causes dividing with increased specificity,
o Apalyze and evaluate causes and sub-causes,

¢ Jecide and take action,

8.7.2 Creating Cause Elfect Diagram for Taotal tavlts

Cause enumeration

« Here the Effect is “Tolal faults of all Sites”, This Became the Head of the Fishbone.

+ By Studying the STF data & Brainstormung it s found that Lhe Major causes of the
Problem are BTS, External power [ault, internal power faults, Low capacily microwave.
high capacity microwave.

e These major causes are connected to backbone of the fish with slanting arrows

+  Secondary causcs of Lthese dMajor couses are dentified and counceted to the Major

Causes m the Fishbone divgram.
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_I , Sofraare Problem ‘
_I . Conflguration problem ll

Barery
5 [ P End Problem +|——

Etvironmental | Configuration I
Problem E Chahiny
: (. Poet Probbem

| Catie Probiem

Degraded
T heality

Figure 8.7: Cause enumeralion diegrom of wial fauhs

8.8 PROCESS ANALYSIS

¢ Here the Eect is "Tolal fmadts of gll Sites”. This Accame the Head of Lthe Fishbone.

« By Studying the STP data & Brainstorming it is found Lhat the exact locations are BTS,
Transmission & power. Muajor causes of the Problem wrc Hardware, soflware, Alap end
1ile, oplical fibet, penernior, equipment faulty.

« These major exuses arc commecied to backbone of the [ish with slanting armows.

+ Secondury causes of these Mrjor couses are identificd ond connecied 1o the Major
Causes in the Fishbone diagram.
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CHAPTER 9

CONCLUSIONS AND RECOMMENDATIONS

9.0 CONCLUSION

Being the largest cellular serviee provider in Bangladesh, Grameenphone has the largest
nctwork among all the operators. It is really challenging (o keep this huge nelwork alive all
the lime, But it has to be maintained to provide uninterrupted and quality network to the

CusloImers.

Analysis has been done on the access nelwork [aults of Dhaka region for the period of 1%
to 30™ October 07 using different TQM tools. Focus has been given on lwo major KPIs-
no. of Taults and MTTR. Faults have been catcporized in & major types- Bxternal Power,

RTS MW, Low capacity MW, High capacity MW and Internal power.

From the Pareto Analysis, we found that only 2 or 3 causes are responsible for the faulls
which are occurring n the network, So if focus 15 given only on these Tactors only, huge

reduction in faulrs can be achigved.

From the C-chart analysis for both nunmtber of taults and MTTR, it is found that the system
was under contiol for most of the cuses excepl exceeding the number of taults on a
partcular day. Fiom the root cause amalysis, il was found that abnormal cuternal power

condilion [or thal particular day was responsible for taking the system ot of contral,

4.2 RECOMMENDATION

Though celiular operators are service providers, implementation of TOM can be useful and
cliicient for this type of arganezation. Hence it 1s recommended that TQM sheuld be used
10 bring down the faalts 0 a minimum 1evel as wekl as testoration of the taults within the
shortesl possible time, Thus the mobile eperators would be able 1o provide better custamer

service,
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