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ABSATRACT

GrameenPhone Lid. Is the largest mabile phone operater in Bangladesh with mote than 20
mullion subseribers and around 12000 Base Stations al 6000 locations all over the country? The
quality of the network is largely depends upon Lhe guality of Newly on Air sites. With the huge

implementation pace the quality of newly on Air sites are creating some concems,

Afier getting on Air of a site it passes through Stability Period for at least 72 hours, During this
period the base Station is checked for two important quality parameters a. PCM quality & Cell
gualily. A good quality site must pass these parameters. My locus in this thesis is to improve the

quality ol newly ot Aldred sites,

In this thesis, [ studied & analyze the overall planming, Tmplementation and acceplance process.
I studicd STP data & TR feedback & develop statistical Process control system using Conlrol
Charr, Pareto analysis, Cause-Eifect diagram. T identify the root causes of different kinds of
preblems those are responsible for poor qualily and provide suggestion for the solutions, Overall

1 develop a model [or quality improvement keeping the roll out pace on going.
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CHAPTER 1 o s

INTRODUCTION I

1.1. BACKGROUND

The grameenphone is one of the largest mobile operators in Bangladesh wilh a cansiderable
percenlage of market shares alone. The company already entered 1nto 11 years of its successful

operation in Bangladesh & became one of the main drive forces of Bangladesh econonty.

As grameenphone is basically a scrvice providing organization, the success of the company iz
dependent on customer satisfaction which is agan dependent on the qualify & efficiency of the
service, Desides direct customer support & care (which is taken care by Customer Relation
Division), Technical Division is he concermed division which is responsible for Lhe gquality &
efficiency of the overall service Whenever a2 New BTS come on Aur it instanily carrying wraffic.
So, the quality of New on Air site 15 very important for our valued cuslomer satisfaction. Current

protocol to get site on Air is as described in the following figure 1.1,

Grameenphone has almost 12000 base stations at 6000 locations all over the country. To face
the huge comgpetition at telecom industry by rival other 4 mobile operalors she may have 10
increase her base stations rapidly to almost double within next 2 years (o comply with
consumers necds. To keep the status of the current market leader in future, she has (0 keep her
service standard Lo the customer satisfaction level. To meet that the quality of new on air base

station has Lo be wop class.

After completion of commissioning the site aceeptance team accepis the site and immediately go
for waffic. Grameenphone NIC (Network Integration Center) depariment monitor the status of
every site for 72 hours afler given on air. This is called Stability Uest Period shortly termed as
STP. They check 2 important parameters a) PCM petlormance & b) Cell performance & these
twa parameters are directly relaled to network guality.

My project directly aims at in depth analyze the PCM & Cell performance of cluster of sites (per

week on airy during STP, finding out the root causcs, suggesting statistical qualily control &

—
f=)



providing clear guidelines to keep the standand of new on air sites at international level with

respect to the coming & ongoing rollout pace.

Site Adcentance .

[Fn i ternal Handnversmrcmy]

TN Sabilley Tost iy | IEFifal iR
NE=PEridd ==, ACCEplance-

Figure 1.1 Handover Protocol of New BTS

1.2.  OBJECTIVE WITH SPECIFIC AIM AND POSSIBLE OUTCOMES

The tnain objactives of this study are
* Study and analyze the overall planning & implementation process for new BTS
» Analyze the work and current performances of different interfaces.
» Develop statistical Process control syslem for required interfaces.
v Identily and supgest for removing the root causcs of different types of problems.

»  Develop a model for quatity improvement keeping the roll oul pace on going.

The main outcomes of Lhis sludy are
s A comprehensive guideline for improving performance of the integrated system.
» Reduction of faults of newly commissioned sites 10 reduce the OPTEX as well as to

increase customer satisfaction,



1.3 METHODOLOGY

To reach a well defined destination this research will follow the step-by-step approach as stated
bellow

» Study and analyze the overall planning & implementation process for a new BTS thal

COME o1 air.

»  Analyze the work of different interfaces.

« Analyze Slability Test Procedure for pramecnphone for New BTS,

= Colleet the STP repor of sites coming every week and analyzc the report.

+ Develop statistical Process Control Plan,

s Analyse the TR fesdback and root cause analysis of different types of problems.

+ Develop a moedel for quality tmprovement keeping the rofl out pace on going.

» Recommendations tor improvement.
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CHAPTER 2

OVERVIEW OF THE GLOBAL SYSTEM FOR MOBILE
COMMUNICATIONS

2.1 HISTORY OF GSM

During the early 1980s. analog cellular telephone sysiems were experiencing rapid growth in
Europe, particulatly 1n Scandinavia and the United Kingdom, but also in France and Cermany.
Each country developed ils own system, which was incompatible with everyone ¢lse's in
equipment and operation. This was an undesirable sitaation, because not only was the mobile
equipment limited 0 operation within national boundaries, which in a unified TFurope were
increasingly unimportant, but there was alse a very hmuted market for each type ol equipment,
50 econamies of scale and the subseguent savings could not be realized.
The Europeans realized this early on, and in 1982 the Conference of European Posts and
Telepraphs (CEPT) formed 8 study group cailed the Groupe Spéeial Mobile (GSM) to study and
develop a pan-European public land mobile system. The proposed sysiem had to meet cerlain
CTICTI

s (Good subjective speech quality

» Low terminal and service cost

» Suppor for inlemnalienal reaming

»  Ability 10 suppor handheld terminals

»  Suppori for range of new services and facilities

»  Spectral cilicicney

» ISDN compalibility

In 1989, GSM responsibility was lransferred to the Furopean Telecommunication Standards
Instiute (ETSI), and phase I of the GSM specificabons were published in 1990, Commereial
service was starled in mid-1991, and by 1993 there were 36 (GSM nerworks in 22 countries,
Although standardized in Burcpe, GSM is nat only a Eutopean standard Over 200 GSM
networks (Including IMCS1800 and PCS1900) are operabional in 110 countries around the world,

Iin the beginning of 1994, there were 1.3 million subscribers worldwide, which had grown 1o



more than 5% million by October 1797, With North America making a delayed entry ino the
GSM field with a derivative of GSM called PC51900, GSM systerms exist on cvery continent,
and the neronym GSM now aptly siands for Global Sysiem for Mobile communications. [5}

22  ARCHITECTURE OF THE GSM NETWORK

ATR RATA DTG 3§ AYTE = ROS DO
i PR

Figure 2.1 Overvicw architecture of B GEM network

A GSM nerwork is composed of several functional cntities, whose functions and inlerfaces are
specified, Figure 1 shows the layout of & generic GSM network. The GSM network can be
divided into three broad parts. The Mobile Ststien is carried by the subseriber, The Basc Station
Subsysiem controls the radio link with the Mobile Station. The Network Subsystem, the main
pan of which is the Mobile services Swilching Center (MSC), performy the switching of calls
belween the mobile uters, and between mobile and fixed network usera. The MSC also handles
the mobility management aperations. Not shown is the Operations and Mainienance Center,
which oversces the proper operntion and setup of the network. The Mobile Statian nnd the Base

Station Subsystem communicate acroes the Um interfzee, slso knowsn as the air interface or



radio link. The Base Slation Subsystem communicates with the Mobile services Swilching

Cernter across the A interface.

P

B

I, YRR IO

M glls

Stafi Base Station Subrystern  Network Subrywtem

SIM Snbacrher [derlity Magile BSC Rase Stahinn Coslealiee MAC Mohile sprvnas Swltobdng Center
MZ Moble Equiprnenl HLA Hroeme Lowathet Aegster  EIR Equipmsnt kdentty Recater
BTS Hase Tranacerver Stabon VLR Wancr Location Regster 4T Autiwntication Cemler

Figure 2.2 General architecture of a GSM network [2}

221 Mohile Station {MS)

The mobile station (MS) consists of the mobile equipment (the terminal) and a smart card called
the Subscriber Identity Module (STM). The SIM provides personal mobility, so that the user can
have access to subscribed scrvices irrespective of a specific terminal. By inserting the SIM card
into another GSM terminal, the user is able to receive calls at that terminal, make calls from that
terminal, and receive other subscribed services.

The mobile equipment is uniquely idenlified by the International Mobile Equipment Identiry
(IMET). The STM card contains the International Mobile Subscriber Tdentity (IMSI) used lo
identify the subscriber to the system. a sevrel key for authentication, and other information. The
IMEI and the IMSI arc independent, thereby allowing personal mobility. The SIM card may be

protected against unauthorized use by a passward or personal identity numbsr,



222 Base Station Subsystem (BSS)

The Base Station Subsystem is composed of two parls, the Base Transceiver Station {BTS}) and
the Buse Siation Controller {BSC). 1he Pase Transceiver Station houses the radio tranceivers
that define a cell and handles the radio-link profocals with the Mobile Station, Tn a large urban
aren, there will potentially be a large number of BTSs deployed, thus the requirements for a RTS
are tuggedness, reliability, portability, and rinimum cost.

The Base Stalion Controller manages Lhe radio reseurces for one or more BT3s. It handles radio-
channel setup, frequency hopping, and handovers, as deseribed below. The BSC 5 the

connection berween the mobile station and the Mobile service Swilching Center (MSC).

223 Network Subsystem

The central component of the Network Subsysiem is the Mobile services Switching Center
(MSC}. It acts like a normal switching node of the PSTN or ISDN, and additionally provides all
the functionalily needed to handle & mobile subscriber, such as registration, authenticalion,
location updating, handovers, and call rouwing to a roaming subscriber, These services arc
provided in conjunction with several functional cntibies, which together form the Network
Subsystem. The MSC provides the connection lo the fixed nerworks {such as the BTN or
1SDN). Signaling behween functional enbties in the Network Subsystem uscs Signaling System
Number 7 {($87), used for trunk signaling in ISDN and widely used in current public networks.
The Tlome Location Register (FILR) and Visitor Location Register (VLR), together with the
MBSC, provide the call-routing and roaming capabilties of GSM. The HLR contains all the
administrative information of each subscriber regisiered in the corresponding (GSM network,
along with the current location of the mobile. The locauon of the mebile is typically in the form
of the signaling address of (he VLR associated wilth the mobile station. The actual routing
procedure will be described laier, There is logically one HLR per GSM network, although 1t may
be implemented as a distributed databasc.

The Vigitor Location Register (VLR) conlains selected adminisirative information from (he
HLR. nceessary for cafl control and provision of the subscribed serviees, for each mobile
currently lecated in the peographical area controlled by the VLR Although each functional
enlity can be implemented as an independent unit, all manutacturers of swilching equipment to

date inplement the VLR together with the MSC, so that the geographical arca controlled by the



MSC corresponds (o that controlled by the VLR, thus simplitving the signaling reguired. Note
that the MSC contains no information about partcular mobile stations -~ this information 18
stored in the location registers,

The other two registers are used for authentication and security purposes. The Equipment
Identity Register (EIR) is a dalahase that contains a list of all valid mobile equiptment on the
network. where each mobile station is idenufied by its International Mohile Equipment Identily
(TMEI). An IMEL is marked as invalid if it has been reporied stolen of is not type approved. The
Authentication Center (AuC) is a protected database that stores a copy of the secret key stored in
each subscrber's STM card, which is used [or aufhentication and cneryption over the radio

channel,

2.3 RADIO LINK ASPECTS

The Intemational Telecommunication Union (TTU), which manages the internatiomal allocation
of radio spectrum {among many other funclions), allocated the bands 890-915 MHz lor the
uplink (mohile station to basc siation) and 935-960 MHz for the downlink (base station lo
mobile slation) far mobile networks in Gurope. Since this mnge was already being used in the
early 1980s by the analog systems of the day, the CEPT had the foresight lo reserve the top 10
MHz of each band for the GSM nerwork that was still being developed. Eventually, GSM will
be allocated the entire 2x25 MHe bandwidth.

231 Multiple Access And Channel Structure

Sinee radio spectrum is a limited resowrce shured by all users, a method must be devised to
divide up the bandwidth ameng as many users as possible. The method chosen by GSM 15 a
combination of Time- and Frequency-Division Multiple Access (TDMA/FDMA). The FDMA
part involves the division by frequency of the (maximum) 25 MHz bandwidth nto 124 carmicr
frequencies spaced 200 kHz apar. One or more carrier frequencies are assigned to each base
stalion, Each of these carricr frequencies is then divided m time, using @ TDMA scheme. The
fundamental unit of time in this TDMA scheme is called a burst period and it lasts 15/26 ms (or
approx. 0.577 ms). Eight burst perieds are grouped into a TDMA frame (120926 ms, or approx
4,615 ms), which forms the basic unit for the definition of logical channels. Ome physical

channel is one burst period per TDMA [rame.



Channets are defined by the number and position of their corresponding burst periods. All these
definitions are cyclic, and the cntire pattern repeats approximately every 3 hours, Channels can
be divided into dedicated channels, which arc allocated t¢ a mobile station, and commnion

channels, which are used by mobile stations in idle mode.

2.3.1.1  Traffic Chaonels

A traffic channel (TCH} is used to carry speech and data (raffic. Traffic channels are defined
using a 26-frame multi frame, or group of 26 TDMA frames. The length of a 26-frame multi
frame 15 120 ms, which is how the lenglh of 4 burst period is defined (120 ms divided by 26
frames divided by 8 burst periods per frame). Out of the 26 frames, 24 are used for tralfic, 1 is
used for the Slow Associated Contral Channel {(SACCH) and 1 is currently unused (see Figure
2¢). TCHs for the uplink and downhink are scparated in time by 3 burst periods, so that the
mobile station does not have to transmit and receive simultanecusly, thus simplifying the
elecronics,

In addition to these full-rate TCHs, (here are also half-rate TCHs defined, although they are not
yet implemented. Half-rate TCIs will effectively double the capacity of a system once half-rate
speech coders are specified (i.c., speech coding at around 7 kbps, insicad of 13 kbps}. Eighth-
rale TCHs are also specified, and are used for signalling. In the recommendations, they are
called Stand-alone Dedicated Control Channels (SDCCH).

Framwes 0-11 TCH Foimut 12: SALCH Fraows 13-24 TCH Fzaow 15 | Tnused

[o]1]2]5]

H

[ | 7 |# | ¥ |1D111 |1?|1S 14|L5|16|1? |13|1§'1?ﬂ |2:I iﬂ |2‘3|24“1—5|
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s - - 28— fane marl tifame
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- T -
BF B BE EP EF EF EF BF TDMA fearoe
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Figure 2.3 Organization of bursts, TDMA framnes and multi frames for speech & data [2}



2.3.1.2 Control Channecls

Comman channels can be accessed both by idle mode and dedicated mode mobiles. The
common channels are used by idle mode mobiles to exchange the signaling information required
io change to dedicated mode. Mobiles alteady 1n dedicated mode momitor the surrounding base
stations for handover and other information. The common channels are defined within a 51-
frame multi frame, so that dedicated mobiles using the 26-frame mulll frame TCH structure can

still monitar control channels. The common channels include

Broadcast Control Channel (BCCH)

Continually broadcasts, on the downlink, mnformation including base slation identity, frequency

allacations, and frequency-hoppng sequences.

Frequency Correction Channel (FCCH) and Synchranization Channel (SCH)

Used 1o synchronize the mobile to the time slot structure of & ecli by defining the boundaries of
burst periods, and the time slot numbering, Cvery cell in a GSM neiwork broadcasts cxactly one
FCCH and one SCH, which are by definition on time slot number O {within a TDMA framc).

Random Access Channel (RACH)

Slotted Aloha channel used by Lhe mobile to request access 1o the network.

Paging Chaonel (PCH)

Used to alert the mobile station of an incoming call.

Access Grant Channel (AGCH)

Used 1o allogate an SDCCH to a mabile Tor signaling {in order 1o oblain a dedicated channel},
following a request on the RACH.
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2.3.1.3 Buorst Structure

There are four dillerent fypes of bursts used for ransmission in GSM. The normal burst is used
to carry data and maost sipnalling. Tt has a total length of 156.25 bits, made up of bwo 57 bit
inforination bits, a 26 bit maining sequence used for equalization, 1 stealing bit for each
information block (used for FACCII), 3 tail bits at each end, and an &.25 bit guard sequence, as
shown 1n Figure 2 The 156.25 bils are transmitted in 0.577 ms, giving a gross bit rate of
2701833 kbps.

The F burst, used on the FCCH, and the 5 burst, used on the SCH, have the same length as a
normal burst, hut a different intemal siructure, which differentiaies them trom normal bursts
(thus allowing synchramzation). The access burst is shorer than the normal burst, and is used

only on the RACH. [2}

232 Speech Coding

GSM is a digital system, so speech which is inherently analog, has to be digitized. The method
employed by ISDN, and by current Ielephone systems for multiplexing voice lines over high
speed trunks and optical fiber lines, is Pulse Coded Modulation (FCM). The output stream from
PCM is 64 kbps. too high a rate to be feasible over a radio link. The 64 kbps signal, although
simple to implement, contains much redundancy. The GSM group swudied several speech coding
algorithms on the basis of subjective speech quatity and complexity (which is related to cost,
processing delay, and power consumption once implemented) before amiving at the choice of a
Regular Pulse Excitedl -- Lincar Predictive Coder (RPE--LPC) with a Long Term Predictor loop.
Dasically, information from previous samples, which does not change very quickly, is used to
predict the current sample. The coefficienls of the linear combination of the previous samples,
plus an encoded form of the residual, the difference benween the predicied and acmal sample,
represent the signal. Speech 1s divided into 20 millisecond samples, each ol which is encoded as
260 bits, giving a total bit rate of 13 kbps, This 1s the so-called Full-Raic speech coding.
Recently, an Enhanced Full-Rale {EFR} speech coding algorithm has been inplernented by
some Norh American GS5M 1900 operators. This 13 said to provide improved speech quality

using the existing 13 khps bit rate_ [2}
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2.3.3 Channel Codingz And Muedulalion

Because of natural and man-made clectromagnetic interference, the enceded speech or data
signal transmitled over the radio intedface musi be protected from errors. GSM uscs
convolutional encoding and Bock interleaving to achieve Lhis prowechon, The exact algorithms
used differ for speech and for diffcrent data rates The method vsed [or speech blocks will be
described below.
Recall that the spesch codee produces a 260 bit block for cvery 20 ms speech sample. From
subjective testing, it was found that some bils of this block were mere important for perceived
speech quality than others. The bits are thus divided into three classes

¢ Class la 50 bits - most sensitive to bit ermors

* Class Tb 132 bits - moderately sensitive to bit errors

» Class I 78 uts - least sensitive lo bit errors
Class la hits have a 3 bit Cyclic Redundancy Code added for error detection. If an error 15
detected, the frame is judged too damaged to be comprehensible and it is discarded. It 15
replaced by a slighily attenuated version of the previous correctly received frame. These 53 bits,
togelher with the 132 Clags Ib bitz and a 4 bit tail sequence {a total of 189 bits). arc input into a
1/2 rale convolutional encoder of constraint length 4 Each inpui bit 15 encoded as bwo oulput
bils, based on a combination of Lhe previous 4 inpul bits, The convolutienal cncoder thus cutputs
378 bits, to which are added the 78 remaining Class II bils, which are unprotected. Thus every
20 ms speech sample is encoded as 456 buts, giving a bit rate of 22.8 khps.
To furher protect against the burst emors common to the radic interface, each sample is
interleaved. The 456 bits output by the convalutional encoder are divided into 8 blocks of 57
bits, and these hlocks are ransmitted in cight consecutive time-slot bursts, Since each time-slot

burst cun carry two 57 bit blocks, each burst carries tratTic from two diflerent speech samples,

Recall that each time-slot burst is transmitied at a pross bit rate of 270,833 kbps. This digital
signa!l is modulated onto the analog carrier frequency using Gaussian-filiered Minimum Shalt
Keying (GMSK). GMSK was selected over alher modulation schemes as & compromise between
spectral ¢lficicney, complexity of the transmitter, and limited spuricus cmmssions. The
complexity of the transmitter i5 related to power consumption, which should be minimized for
the mobile slation. The spurious radio emissions, outside of the allotted bandwidth, must be
strictly controlled s¢ as (o limit adjacent channel interference, and allow for the co-existence of

GSM and the older analop syslems (at least for the time being). [2]
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234 Multipath Equalization

At the 900 MHz range, radio waves bounce off everything - buildings, hills, cars, airplanes, efe.
Thus toany reflected signals, each with a different phase, can reach an antenna. Equalization 18
used to extract the desired signal from the unwanted reflections. 1t works by finding out how a
lknown transmitted signal 1s modified by multipath fadmg, and constructing an inverse filter to
exiracl the rest of the desired sipnal. This known signal 15 the 26é-bit maining sequence
transmitted in the middle of every time-slot burst. The actual implementation of the equalizer is

not specified in the GSM specilications.

2.5 Frequency Hopping

The mobile station altcady has to be trequency agile, meaning it can move behween  transmit,
recerve, and monitor time slot within one TDMA frame, which normally are on ciflerent
fequencics. GSM makes use of this inherent frequency agilily o implement slow frequency
hopping, where the mobile and BTS transmit each TDMA frame on a dilferent carrier
lrequency. The frequency hopping algorithm 15 broadcast on the Broadcast Control Channel,
Since mullipath fading 15 dependent on camier frequency, slow frequency hopping helps

alleviale the problem. In adduion, co-channel interference is in efect randomized.

2.3.6 Discontinueus Transmission

Minimizing co-channel interference 18 a goal in any cellular system. since it allows belier service
for & given cell size. or the use of smaller cells, thus increasing the vverall capacily of the
system, Discontinuous transmission (DTX) 15 a method that takes advaniage of ithe fact that a
person speaks less thal 40 percent of the fime in normal cenversation. by wming the iransmimer
aff durmg silence periods. An added benefit of DTX is that power is conserved at the mobile
unit.

The most imporant component of DTX 15, of course, Yoice Activity Detection, It must
distinguish between voice and neise inpuls, & Lask that 15 not as tnwial as it appears, considering
buckground noise. If a voice signal is misinlerpreled as noise, the teansmutter 13 mrned ott and a
very annoying effect called clipping is heard at lhe receiving end. If, on the other hand, noise is
misinterpreted as a voice signal too oflten, the efficiency of DTX is drtamaticatly decreased.

Another factor o consider 15 that when the transmitter is turned off, there is total silence heard at
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the receiving end, due 1o the digital nature of GSM. To assure Lhe receiver that the connection (s
not dead, comfort noise is created at the receiving end by trying Lo match the characteristics of

the lransmitiing end's background noise.

237 Discontinuous Reception

Another method used to conserve power at the mobile slation 15 discontinugus reception. The
paging channel, used by the base slation to signal an incoming call, is siruclured into sub-
channels. Each mobile station needs to listen only 10 ils own sub-channgl. In the time between
suceessive paging sub-channels, the mobile can go into sleep mode, when almost ne power is

used.

238 Power Control

There are five classes of mobile stations defined, according to their peak transmitter power, rated
at 20, 8, 5, 2, and 0.8 watts. To mitimize co-channel interference and to conserve powet, both
the mobiles and the Base Transceiver Stations operale at the lowest power level that will
mainiain an aceeplable signal quality. Power levels can be stepped up or dawn in steps of 2 dB
from the peak power for Lhe ¢lass down o 8 mintmum of 13 dBm (20 mill watts),

The mobile station measures the signal strength or signal quality (based on the Bit Error Ratio),
and passes the information to the Base Station Conlroller. which ultimately decides if and when
the powet level should be changed Power conmol should be handled carefully, since there is the
possibility of instability. This arises from having mobiles in co-channcl cells alternately increase
their power in rgsponse (o increased co-channel interference caused by the other mobile
ingreasing its power, This in unlikely to occur in practice but it is {or was as of 199t) under

shudy.

2.4 COMMUNICATION MANAGEMENT

The Communication Management luyer (CM) s responsible Tor Call Control (CC),
supplementary service management, and short message service management. Bach of these may
be considered as a separate sub layer within the CM layer. Call contrd attempts 10 follow the
ISDN procedures specitied in (Q.531, although routing to a roammg maobile subscriber 13

obvicusly unigque to GSM. Oiher functions of the CC sub layer include call establishment,
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sclection of the wpe of service {including allernating between services during a call}, and call

release. [2]

1.4.1 Call Routing

Unlike rowuting 1n the fixed network, whers a terminal is semi-permanently wired to a ceniral
office, a GSM user can roam nationally and even internationally, The directory number dialed to
reach 4 mobile subscriber 15 called the Mabile Subscober ISDN (MSISDNY. which is defined by
the E.164 numbering plan. This number includes a country code and a Mational Destination
Cade which identiftes the subseriber's operator. The first few digits of the remaining subscriber
number may identify the subscrber’s HLR within the home PLMN.

An incoming mobile terminating call is directed to the Gateway MSC (GMSC) funclion. The
GMSC is basically a switch which 15 able to interrogate the subscriber's HLR to obtain routing
information, and thus comtains a {able linking MSISDNs to their corrgsponding HLR A
simplification is to have a GSMC handle one specific PLMHN. It should be noted that the GMSC
function is distinet from the MSC function, but is usually implemented in an MSC.

The routing informaticen that is retumed to the GMSC 15 the Maobale Station Roamung Number
(MSEN), which is also detined by the E.164 numbering plan. MSRNs arc related to the
geographical numbering plan, and not assigned to subscribers, ner are they visible to
subscribers.

The most general routing procedure begins wilh the GMSC querving the called subseriber's
HLE for an MSREN. The HLR typically stores oaly the 557 address of the subscriber's currend
VLR. and docs not have the MSRN (see the localion updating section). The HLR must therefors
query the subscriber's current VLR, which will temporarily allocate an MSRN from its pool for
ihe call. This MSRN is relurned to the HLR and back 1o the GMSC, which can then route the
call o the new KISC, At the new MSC. Lhe IMSI comesponding o the MSRIN is looked up, and

the mobile is paged in ils current location area (see Figure 2.4 ).
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Figure 2.4 Call routing for a mobile terminating call[2]

2.5 CONCLUSION AND COMMENTS

In this chapter [ have ried to give an overview of the GSM system. T befigve, however, that [
gave the general lMavor of (GSM and the philosophy behind its design. It 15 & standard that
cnsurcs interoperability without stifling competition and innovation among suppliers, to the
benefit of the public both in terms of cost and service qualily. For example, by using Yery Large
Scale Integration {VLSL) microprocessor technotosy, many functions of the mobile stabion can
be built on one chipset, resulting in lighter, more compact and more energy-cificient erminals.
Telecomnunications are evolving towards personal communication networks, whose objective
can be stated as the availability of all communication services anylime, anywhere, (0 anyong, by
g single identiry number and a pocketable communication (erminal. Having a multitude of
incompanble systems throughout the world moves us farther away from this ideat, The
economies of scalg created by a unified system are enough to justify its implementation. not 1
mention the conventence to people of carrying just one communication terminal anywhere they
go. regardless of national boundaries,

The GSM system, and ils sibling systems operaling al 1.8 GHz (called DCSIRO0Y and 1.5 GHz
{called GSM1500 or PCS1900. and operating in North America), are a first approach at a true
personal communicalion system. The STM card i3 g novel approach that implements personal
mobilily 1n addiuon to lerminal mobility, Toegether with international roaming, and suppon for a

varicty of services such as (clephony. dala wransfer, fax, Shon Messape Service, and
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supplementary serviges, GSM comes close to fulfilling the requiremenis for a personal
communication system close enough that it is being used as a basis for the next generation of
mobtle conmunication technology in Eurupe, the Universal Mobile Telecommunication System
{(UMTS)

Another poinl whete GSM  has shown its commitment to openncss, siandards and
interoperability is the compalibility with the Intcgrated Services Dgital Nebwork (ISDN) that is
evolyving 1n most indusTrial ized counrries, and Europe in particular {the so-called Buro-ISDN}.
(8M is also the first system 10 make extensive use of the Intelligent Networking concept. in
which services like 800 numbers are concentrated and handled from a few centralized service
cenlers, instead of being distributed over every switch in the country. This 1s the concept behind
the use of the vanous registers such as the TILR In addition, the sigmaling between these
functional entities uses Signaling System Number 7, an intemationat standard already deployed
in many countries and specitied as the backbone signaling network for ISDN

GSM is a very complex standard, but that 15 probably the price that must be paid to achicve Lhe
level of integrated service and quality olfered while subject to the rather severe restrictions

imposed by the radio envirenment.
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CHAPTER 3

COMPANY PROFILE

3.1 INTRODUCTION

Gramcenphone Lid., the largest telecommunications service provider in Bangladesh, received its
pperating license in November 1996 and started its service from March 26, 1997, the
Independence Day of Bangladesh. Now, aller 10 years of successful operations, Grameenphone
is the largest mobile phone service provider in Bangladesh. with more than 14 million
subscribers as of July 2007, Grameenphone provides services to rural and urban customers
across Bangladesh, where mobile telephony is acknowledged as a significant driver of socio-

gconomic development, both for individuals and the nation.[10]

3.2  TEN YEARS OF EMPOWERING PEOFLE

Once considered a fancy gadget for the elite, the mobile phone has been transformed into an
essential tool for all. Mobile phones arc now empowering people from all groups in all areas of
Bangladesh.

(frameenphone Lid. reccived its operating license in November 1996 and starled its service fiom
March 26, 1997, the [ndependence Day of Bangladesh. The shareholders csiablished the
company realizing the important role elecommunications can play in econemic development
Connectivity translates into productivity. They also made a commitment that "Good

Development is Good Business™.

Entrepreneur Igbal Quadic first had the idea of providing maobile telephony to the poor of
Bangladesh. His early discussions with Profissor Yunus later resulted in launching the
intemationally acclaimed Village Phone Program, coupling micro-credit with mobile wlephony

to make telecommunications accessible to the rural poor.[10]
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3z Making 1t AlTordable

Now, after 10 years of successful operations, Grameenphone is the largest telecommunications
service provider in Bangladesh. Grameenphone provides services to rural and urban customers
across Bangladesh, where mobile telephony is acknowledged as a significant driver of soclo-

economic development, both for individuals and the nation.

From the beginning, the goal was to offer affordable mobile phone services to as many pecple as
possitle, However, the challenges were significant. The country had a very large population
with a very limiled purchasing power and poor infrastructure. Grameenphonce saw an
oppormnity to utilize wireless technelogy 1o ercate a visble mobile telephony operation that

cauld also become an engine for economic growth,

Providing (elecommunications services to low-income groups is not without its difficultics, An
increased focus on the operalor's tolal cost of owncrship 1s needed to ensure viability, Other
chiry-level barriers include subscriber handling cosls, availability of alTfordable handsets, and
regulatory and taxation issucs, Grameenphone, in cooperation with Telenor, addressed many of
these issues by focusing on developing the nght technalogy, services and business models 10

tnake mohile telephony affordable for low-income cuslomets.

322 Widest Network Coverage

The Grameenphane network now covers more than 95 percent of the country's population, up
from around 50 percent two vears earlier. During the same period, the company also intraduced

a range of enabling services and the entire network is now EDGE/GPRS enabled.

Cirameenphone has greatly benefited from Telenor Group's, with its 12 mobile operations
worldwide, apgrepated purchasing power. This has enabled the company (o rpidly cxiend its
network coverage and upgrade its network, Group cost-saving initiatives have also allowed
Gramecnphone o reduce 1arifls substantially, thus making mobile communication afferdable for
a wider community in Bangladesh, espeeially those who have liile 1o spend on communication.
Over the years, lhe shareholders have re-invested nearly all of their carnings 1o expand coverage

and increase capacity of the network, The cumulative investmenis up 1 December 2006 stood at
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about BDT 76 billion, making Grameenphone onc of the largest private sector investments in the

counlry. J10]

323 Contribation To Growih

The telecommunication industry m Bangladesh 1s now estimated to represent more than onc
percent of the country’s GDP.

Since commercial operations began in March 1997 and up to December 2006, Grameenphone
has contributed over BD'T 67 billion io the counlry's National Exchequer in direct and indirect
taxcs, Grameenphong's annual revenues surpassed BDT 45 bilhon i 2006, and the total
conmibutton to the National Exchequer, ingluding all taxes and VAT {rom Lhe services, was
more than BDT 20 billion during the year.

Grameenphane directly employs more than 5,000 peaple and it 1s estimated that anether 100,000
pecple are directly dependant on the business, working for the vendors, suppliers and retailers,
In addition, there arc now over 280,000 Village Phone operalurs caming a living through the
Village Phone Program.

A study published in 2005 by Lhe London Business Schoa! established a clear link belween
economic prowlh and mobile phone penetration in developing nations, The study showed that
for the period from 1996 Lo 2003, a developing country with 10 more mebile phenes per 100
people enjoyed per capita GDP growth that was 0.6 percentage points higher Lhan in an
otherwise identical country, The benetits brought by the mobile phone include a reduction of the
number of middle-men, higher profilability for businesses and improved eonlact bebween family

and friends.

314 Beyond Business: Connecting Villages

Gramesnphene's first community service mitiative was the Yillage Phone Program, slarted on
the same day the commercial sersice was launched in 1997, Administered by Grameen Telecom,
the Village Phones provides access to telecommunication services in rural areas to people who
could not otherwise afford to own a phene. It also provides Lhe Village Phone aperators with an
oppormnity to earn a good income. Typically, a village woman, also a borrower of Grameen
Bank, finances a moblle phone through micro-credit and eams moncy by offering a phone

setvice 1n their communities, Srudies have shown thut one of Yillage Phone's most imporiant
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contrtbutions was making market information accessible (0 everyone. Tt has also substantially

empowered women from the rural houscholds Lo make a living for themselves and their (amilics.

33 THE SHAREHOLDERS

The shareholders of Grameenphone conlribute their unique, in-depth experience in both
telecommunicalions and development. The international shareholder brings technelogical and
business management expertisc while the local shargholder provides a presence throughout
Bangladesh and & deep understanding of its economy. Bolh arc dedicated to Bangladesh and its
struggle for ceonomic progress and have a deep commitment to Grameenphone and its mission

to provide affordable telephony to the entire population of Bangladesh [10]

Telenor Mobila
Communicatrens

Figure 3.1  Grameenphone shareholders

3.3 Telenor Mophite Communications

Telenor AS is the leading Telecommunications Company of Norway listed in both the Oslo and
NASDAQ Siock Exchanges. IL owns 62% shares of Grameenphane Tid.
Telenor, a 150 year-old organization, has plaved a ploncenng role in the develepment of cellular

communicalions. Manual mobile welephony services were introduced in Norway in 1966, as a
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forerunner to the automatic NMT system, which appeared in 1981, Iis digial successor, GaM,
was introduced in 1993, and third generation mobile network, UMTS, was launched for
commercial use in 2004,

Telenor's strong intemational expansion in recent years has been based on leading-edge
expertise, acquired m the Norwegian and Nordic markets, which arc ameng the most highly
developed 1echmology markets in the world [t has substantial international operations 1n mobile
telephony, satellite operations and pay Teclevision services. In addition to Norway and
Bangtadesh, Telenar owns mobile telephony companies in Sweden, Denmark, Tlungary, Russia,
Ukraine, Montenegro, Thailand, Malaysia, Pakistan and Serbia with more than 123 million

moblle subscriptions worldwide as of June 2007,

332 {zrameen Telecom

Grameen Telecom, which owns 38% of the shares of Grameenphone, is a not-fos-profit
company and works in close collaburation with Grameen Bank, winner of the Noble Peace Pnze
in 2006 alang with its founder Professor Mubammad Yunus. The internaticnally reputed bank
for the poor has the most extensive rural banking network and cxpertise in microfinance. jt
understands the sconomic nceds of the rural population, in parlicular the women from the
noorest households,

Grameen Telecom, with the help of Grameen Bank, administers the Village Phone Program,
through which Gramcenphone provides its services to Lhe fast growing rural customers.
Grameen Telecom trains the operators, supplics them with handsets and handles all service-
related issues,

Grameen Bank currenily has 2399 hranches, providing services in 76,848 villages, covering
more than 9] percent of the total willages in Bangladesh. As of March 2007, the bank had 7.06
million borrowers, 97 percent of whom were womern.

Grameen Telecom's objectives are to provide easy access to GSM cellular services in rural
Bangladesh and creating new oppontunibies for income generation through self-employment by

providing villagers with access to modem information and communication basaed technologies,
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34  CONTRIBUTION TO NATIONAL EXCHEQUER

Grameenphone Lid. has contributed more than BDT 67 billion fo the National Exchequer in
thxes, dutics and payments 1o various Government bodies since its inception in March 997 up
to Becember 2006.

Accumulated contribution o the National Fxchequer from inception up 10 December 2006 was
BDT 67.18 billion, of which BDT 20.5 billion wos made in 2006 nlone, Grameenphane is now
the largest corporate 1axpayer in the country.

Grameenphone has also generaled direct and indirect employment for a large number of people
over the years. The company presently has about 5,000 employees while another 100,000 people
arc direclly dependent on Grameenphone for their livelihood, working for the Grameenphone
dealers, relailers, seraicheard retsi) cutlels, supplient, vendars, contraciors and athers.

With the peyments of taxes and the invesiments in the network, Gromeenphone is making a
sipnifcant contribution to the country's development and growth,

The follewing char illustrates how the National Treasury was augmented aver the ycan
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Figure 3.2 Cantribution to Government as of December 31, 2006 (BDT in Million)[10]
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CHAPTER 4
ANALYSIS OF PERFORMANCE FOR NEW BTS

41 INTRODUCTION

Ensuring a quality network along with providing coverage around the country has always been a
priorty focus area of Grameenphone. Extensive network expansion measures were implemented
to keep up with the rapid growth of subscribers during last year. All the new sites has 10 pass

through slability period to check the condition of the site.

42  STABILITY TEST PROCEDURE FOR NEW BTS

4.2.1 Introdoction

Stability Test is performed o monitor the quality and performance of mainly New BTS after
3days later (72 howrs) of giving the BTS on-air. In that test three major tasks (MPD, PCM

guality and Cell quality) are performed one aller anather.

The Site Perfarmance monitoring can be classified into 3 {three) catcgories.
« 000 M!ilz Base Station
s Cao-located Site (1800 MHz Base Station)
»  Swapped Pase Station (RBS2102/2202 is being swapped by RB32206)

24



Table 4.1 Threshold of PCM Paramelers (24 Hrs Dala BT5-RSC)
Threshold of PCM Parameters Monitoring the whole path BTS o BSC [Access shorl hauls

recommendition]

Name of Mrameter Limit's 24 HRS

Unavailable Event {LUAV) <=2 Tivents

Unavailable Time (UASB) <=10s/ Evem [Formula=UASB/UAY]
Error Second (ES, ESR} <=160s ESE=0.04

Severe Lrror Second (SES, SESR) <=8s  SESR={) 002

Recommendation [TUR-F 1493, (3.827 and (3.526

Table 4.2 Monutor the performance and quality of GSM 900 Band BTS

This table will be used to monitot the performance and quality of GSM 900 Band BTS only

Mame of Parameter Limit Y'alue
Call Setup Sucecss Rate > 95% '
TCH Auempl Congestion = 10%
SDCCH Attemnpt Congeshion = 2%
TCH Drop = 1%
MPD =30
Speech Cuality Index (SQI = 30%
Interference (ICM Band} <2
internal Incoming Handover = Q0%
Intemal Outgoing Handover = Y0%
External Incoming Handover = 90%
External Oulgoing Handover = 90%

Table 4.3 KPI to monitor the performance and quality of G8M 1800 Band

To analyze the performance of new collocaled 1800 BTS the Radio KPI of the 900 BTS before
collocation and Radie KPl of UL & OL Cell afer collocation need to be compared. This
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Reference Table will be used to monitor the pedformance and quality of GSM 1800 Band {Co-
located} BTS only.

tvame of Paramceier Limit ¥ulpe

Tralfic Tratfic Consistency check before and after Co-location,
Change in Tralfic in the Cell before and after, Traffic in
the 900 Cell before co-location and 1olal Traffic in the
cell {sumn of 900 & 1800) after co-location. Thresheld for
the change in Tralhe 15 +~50%. Traftic Fadern both in
UL and OL need lo be checked.

Call Setup Sucvess Rate = 03%

Under laid {UL) TCH Attempt{ = 5%
Congestion

Under laid (UL} SDCCH |<2%

Atternpl Congestion

Call Drop {all drop pattern before and after Co-location, Change in
Drop in UL Cell betors and after, Drop in the OL.
Total TCH Dirop / Hour = 15
{Change in Drop in UL = 30%

MPD Threshold for the change in MFD in UL can bhe

decreased by 20% (Maximum}.
Speech Cuality Index (S01) = 50%

Interference (ICM Band} =2

Assigntnent to UL/OL = B

Assignment to CLAUL = B30%

TF Muode Master for UL Cell (900) and Slave for OL Cell (1800}
ECSC ECSC parameter is ‘yos’.

Table 4.4 KPI to monitar the performance and quality of newly swapped (RBS)

RBS 2202 and RES 2102 are being Swapped RBS2206. To analyze the performance Radio KFI
ol now RBS2206 after swapping need to be compared with that of the RB32202/2102 before



swapping This Reference will be used to monitor the performance and quality of newly

swipped (RBS} sile only.

mvame of Parameter

Traffic

Limit Value
Traffic Consistency check hefore and  after Swap,
Threshold for the change in Traflic is -30%.

Call Sehup Success Rate = 05%

TCH Congestion = 5%

SDCCH Cangestion = 2%

Call Drop Drop pattern before and after Swapping, Threshold for the
TCH Drrop is Change in TCH Drop = 3094,

MFD Threshold for the change 1n MPD can be decreased by 20%
(Maximum}.

Speech Guality Index (SOQI) = 30%

Interference (1CH Band) <2

Internal Tncoming Handover | = 90%

Inicrnal Outgong IMandover | = 90%

External Incoming Handover | = 90%

External Ouipoing Handover | = 90%

4.2.2 Process Flow

Stability Test process of New BTS is performed in three steps where performance and quabity of
three different factors are monitored and necessary steps are taken according 10 the requirement

to improve the quality, The demils of these steps are given below

4.2.2.1 MPD Check

NIC engineer will check MPD of all the Kew BTSs that have been given on-air yesterday, at
1100 am on every working day. If the MPD of the cell i good by comparing with the Reference
Table 4.2 where thresheld value for MPD (MPD>3() is defined, they will not take any action. If
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the MPD is poor acconding to the Reference Table 4 2, NIC engineer will generate a Work

request to solve the preblem.

MPD Check
By NIC

MM _Radio KM_Radio
- 1s MPD wll recaive willl halt the
Foar? : a W/R from site &
Yas/MHo . NIC feedback to
- NTI"

Figure 4.1 Flow charl 1o solve MPD

4.2.2.2 PCM Quality Monitor

NIC engineer will check the PCM guality of New BTS after One day later (24 hours} from (he
on-air date. IT the PCM quality is acceptable with comparing the Reference Table 4.1, NIC
engineer will provide that information in ROC as the PCM quality of that BTS is "OK”, If the
PCM quality 1s bad, NIC engineer will initiale a work request {W/R).

PCM
Quality
check by
MNIC

- NM_TX will
Is PCM improve tha ) :
W/Rta h NIC wrill
Qualmity OK? NM_TX quality & give input in
Yos/ Mo fram NIC feedrt:;lé:k to RO

Figure 4.2 Flow charl o solve POM Qualiy
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4223 Cell Performance

NIC engineer witl monitor the cell perfurmance of the new BTS that has been given on-air three
days (72 hours) ago. In cell performance monitoring process, they have to check different
parameters of the cell related to the qualily. The following parameters will be checked by ihe

NIC engineers to ensure the quality of that cell

Average Traffi¢ and Congestion

NIC engineers will check average iraftic and congestion of the cell. I it is found that the quality
of the cell is poor due to SDCCH congestion or TCH congestion or both of them then NIC
engimeer will inttiate 2 work request (W/R) in ROC and send it 1o the concerned planner of
Radio Planning (R} and histher group. The congerned planner (R} will provide the necessary
steps to remove the SDCCH/TCH congestion and this feedback will be executed by NIC.

SRCCH/TCH
Congestion
check by

NIC

Yes
Is there NIC initiate a RFP {planner)

SDCCH/TCH W/R to RP will give

Congestign? {planner) feedback to
Yaco /Mn NIC

MNIC will
exacute the job
and update in
ROC

Figure 4.3 Flow charl to solve SDCCH/TCH congestion

Average MPD

NIC engineer will check the average MPD of the cell. If the MPD is poor, they will invesligate
and monitor eight diMerent factors that might be the reasen for poor MPD. The faclors are

a. TCH drop. h. Signal strength Drop ¢. Quality Drop. d. Uplink Drop. ¢
Dawnlink drop £ Tuming Advance drop. 2. Sudden Drop. h. Cther Drop.

They will escalatg this information and initiate 8 work request (W7} to the concemned planter

{RP) and his group or NM_Radio depending upon the factor.
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Average MPD
check by NIC:

RP {plannar)
will give
feedback to
Inout in Is average NIC will initiate a NIC
Ftl.'.lp-c End MPD is poor? W/R ta RP {plannhar)
n © Yas/No Or, NM_Radio

NIC wlill
axecute the job

. and update in
Or, RP & NM_Radin 1% NM_Radio will Fe ROC

give faedback

to NIC

Fipure 4 4 Flow chart to solve ave MPD

Average Call Sctup

NIC ecagincer will check the average Call setap of the cell. If the average Call selup rate 15 poor,
they will investigate and moenitor the TCH aitempt congestion of the cell. If TCH attempt
congestion rale of the cell is high, NIC engineer will escalate this information and inttiate a work
request (W/R) to the concemned planner (RP) and his'her group. Alter recelving the W/R the
concerned planner (RI) will act accordingly and he/she will provide the feedback to NEC. The
SLA forthat job will be one day (24 hours) alter receiving the mail from NIC.

Awverage Call
setup check
by NILC

Na Yes

I . It avarage NIC imitiate a RF {planner}
aput ":1 call setup -W/R to RP will give

ROC En - goor? - [planner} feedback ta

NI

NIC will
axectte the job
and updata in
ROC

Figure 4.5 Flow chart to solve Call set up problem
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Average Specch Quality Index (SQ1)

NIC engineer will check the average Speech Quality Index (SQI) of the cell. If the acceptable
501 rate is poor. WIC engineer will escalate this information and initiate & work request {W/R)
to the concerned planner (REF) and his/her group. Afler recetving the W/R the concemed planner

{RP} will act accordingly and he/she will provide the feedback o WIC.

5Q1I chock by

NIC will
exacute the job
and update in
ROCC

RP [planner}
will give
feetdback ta
NIC

Inputin

Is SQIrate |
ROC End

poor?

W/A to AP
{plannear)

Figure 4.6 Flow chart to solve 50T
Average Incoming’ Outgoing Tlandover
NIC engineer will check the average Incoming/ Outgeing both externalfinternal Handover of the

cell. If the handover success rate is poor, NIC engineer will escalate this information and initiate

a work request (W/R) ta the concerned planner (RP) and his group.

Average
Incoming ar
Cuetgaing
{Iinternal f Exter
nal) Handowver
cherk by NIC

Is Average *
Input in Incoming ar

ROC End Qutgoing
Handover rate

poor?

NI will
exacute the joh
and update in
ROC

R NIL inltiate o
Yi/R to RP
{planner)

RFP [planner]
will giva
feedback to
NIC

Figure 4.7 Flaw chan w solve Handover



4.3  STATISTICAL PROCESS CONTROL

Statistical process conlrel, or SPC, is a [undamental approach to quality control and
improvement that is based on ebjective data and analysis. The origin of PC dates back to the
19205 and 1930s at the Western Electric Company and Bell Telephone Laboratorics. Walier
Shewhart (1891-1967) recognized that variation in a production process can be understood and
controlled through the use of smtistical methods. He pionecred the use of statistical methods as a
ool 1o manage and control production, Over the next several decades, these tools were (aught Lo
engineers and preduction personnel throughaout American industry, The need for higherquality

production to suppor the defense industry during World War I gave a boost o Lhe use of SPC,

{Ine of Shewharl's disciples, W. Edwards Deming {1900-1%93), was a sirong advocate of SPC
and lrined many englneers in the concept during the war years. However, he was never able to
convince upper management in the ULS, of SPC's benefits and impormnce When Deming was
invited to train Japanese engineers in statistical melthods afier the war, he realized that qualiny
improvement efforts could never be sustained wilhout top management supporl. It was not
difficult for him 1o gain the anention of every level of worker-from maintenapce lo CEQ, since
Japam was rebuilding from complele devaslation. The Japanese were eager to leam and apply
new tools that would help them rebuild their economy. And the rest. as they say. 15 history.
Statistical methods, combined with strong programs in human resources and a focus on
continuous improvement o belter respond o customer needs, enabled Japanese companies to

emerge as powertul global competitors wilhin coly a few decades.

When Deming's contributions 1o Japan became recognized in America around 1980, Lthe modemn
qualily moevement began. Many major corporations bepan to experiment wilh quality
improvement lechnigues. such as swatistical process control. Ford Motor Company and other
U.S. aulomobile manufaclurers began to require therr suppliers to show statistical evidence of
the qualily of their products as parl of therr Q@ 101 Quality System Siandard. Ford insisted that
statistical process control e used as an mmiegral part of suppliers' processes to assure quality and
provide accutale nformation for contsnuous quality and productivity improvement {Chaudhry
and Higbie, 1990). As these requirements spread throughout the logistics chain, the use of SPC

became widespread throughout American industry.

SPC consisty of lhree words slatistical, process, and contrel. Undersianding cach of these is

crucial 1o using SPC ellectively. Let's start wilh process.[ 8]
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4.3.1 A Focus On Processes

A major difference between the old-siyle approach to management and TQM is a focus on
processes. In the past, quality control was product driven. Inspectors would measure critical
dimensions carefully, and either scrap or rework the pans that did not conform  Although this
practice resulled in good guality of the final product, it was wasteful and did not lead to

improvements in quality, cost, or productivity.

The quality of production output is determined by the process that produces the output. A
process is a way of doing things. A process takes inpuls (materials) from a supplier. transforms
them, and delivers culpuls {products) 1o a customer. The transformation is accomplished by the
narticular combination of equipment, labor, work metheds, and materials used to create ihe
product or service. By focusing on how work gets done and whal process factors affect preduct
outpul, gqualily can be improved and the number of mistakes can be reduced. SPC 15 2 method of
zathering and analyzing data about processes to hetter understand them and, uwlumately, to

improve them.

Improvement of processes leads to better quality products and services and to less waste and
rework. Betler qualily leads to higher customer satisfaction, higher sales and higher revenues;
less waste and rework reduces cosw. The net result is higher corporate prolilabilily and

improved competitiveness.[£]
Variation and Statistics

We see variation all around ws-in the weather, in sports, and in our own performance and
behavior. When a baseball player has a 300 batting average, it does not mean that he will
always got 3 hits out of every 10 at bats 1le may get 5 hils in a row, or he could ge 10 at bats
without a hit, We cannot predict what he wilt do at any one time that he steps up o the plate, bt
we can predict, with reasonable acouragy, what he will do over a long period of time provided

cverything remains the same-ng injuries or scandals!

It is everyong's responsibility-workers and managers alike-to understand wotk processes and o
impriwve them, Quantitaiive melthods and stalistical tools provide workers and managers with the
tools needed to quantify vardation, identify causes, and fnd sclulions (o roduce or remove

unwanted variation, and monitor progress cbjectively. Statistical process conimol can help
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lo achicve these goals when it is part of 2 total problem-solving cffert. Simply going through the
motions and providing dala because the boss or customer wants it will not help o improve
operations or better satisfy cuslomers. Teamwork and participation play an imporiant

organizational role,
Caontrol

A process is in control if 1t is alTected only by common causes of varation. A process that is in
control is stable, and its performance can be predicied, at least within limits of variation. On the
olher hand, il special causes occur frequently and wilhout our knowledge, we do not know how
the process will perform. We need to be able to control a process 1o mainlain 115 stability.
Contral 15 the process of evaluating performance, comparing that performance te a goal or

standard, and then tdang correclive action when necessary.

Control is not a substiute for continuous improvement;, it is a mcans of maintaining
improvements. The dala collected (hrough systematic measurement can be used productively to
1dentify further areas for improvement. Measures pive managers the information needed to reach

their goals and lead to actions for improvement.

Some quality problems are management-controllable while others are operator-controllable.
Joseph Juran, who alse made subslantial contributions to the Japanese quality cducation efforl
atter World War 11, defines operator controllability in the following way To be opertor-

controllakle, three conditions must be met

{1} the operators must have the means of knowing what is expeeted of them through clear
instructions and specifications.

{2) They must have the means of determining their actual performance, typically through
inspection and measurcment, and

{3} They must have a means of making cormections if they discover a variance between what 13

expected of them and their actual performance.

Il any onc of these crileria 18 nol mel, then the quabty problem must be management-
controllable, not operator-controllable. W, LEdwards Denung also made this important

distincrion.
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43.2  Assistunce O SPC

¢ Provides surveillance and feedback for keeping processes in control

= Signals when a problem with the process has ocewrred

» Detects assignable causes of vanation

»  Accomplishes process characterization

» Reduces need for inspection

»  Monitors process quality

s Provides mechanism Lo make proccss changes and track effects of those changes

s Once a pracess i3 stable (assignable causes of varalion have been eliminated), provides

process capability analysis with comparison Lo the product lolerance[2]

4,3.3 Basic Statisticul Process Control (SPC} Methods

Sialislical process control or SPC is a family of tools used 1o manitor, contro! and impreve
process and systems. The (wols “make the process and systems visible”. As per Dr. Kaoru
Ishikawa “As much as 95% of quality related problems can be salved with seven fundamental

quantilative Wools™.

Despite a lolty title, understanding and using SPC does not require advanced knowledge of
statistics. Rather, Lhe seven basic tools of quality and formalized body of techniques invalve
tabulatnyg, depicting and desenbing data sets.

Cince the system is visible, the describing and identifying appropriate actions te improve the
process and systems are generally self evident.[7] I

The basic tools of quality inchule

» Pareto Principle

* Ecatter Plots.

=  Control Chart.

= Flow Charts! Process Map.

+ (Cause effect, Fishbone, Ishikawa diggram.
+  TMistogram or Dar (raph

¢ Checkhists & Check sheerts.

-35.



4.3.3.1  Pureto Principle

The Parcto principle suggests that most effecis come from relatively few causes. In quantilative
terms $0% of the problems come from 20% of the causes (machines, raw materials, operators
¢te.); 20% of the wealth is owned by 20% of the people etc. Therefore effort aimed at the right
20% can solve 80% of the problems. Double (back 1o back) Pareto charts can be used 1o

compare "before and aller' stluations.

General use: to decide where to apply initial effort for maximum effect.

Reject Causes

Figure 4.8 Graphical display of Parcto principle[7]

4.3.3.2 Control Charis

Conrrol charls are a method of Slatistical Process Control, SPC. {Control system for preduction
processes). They enable the control of disiribution of varation rather than atlempting io control
each individual variation. Upper and lower control and tolerance limits are calculated for a

process and sampled measures are regulatly plotlcd about a central line between the bwo sets of

limits, The plotted line comesponds to the stability/rend of the process.

General Use: Action can be taken based on trend rather than on individual varation, This
prevenis over-comection/compensation for random vanation, which would lead to many

rejecis.[ 7]
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Figure 4.9 Graphical display of Contral Charis

4.3.3.%  Caunsc Effect, Fishbane, Ishikswa Dingram

This is the tool for analyzing and illustraling a process by showing the main causcs end sub
couses leading 10 mn efTeet (symptem). It is sometimes referred 10 as the “Ishikowa diagram,”
because Kaoru [shikewa developed il, and ihe “Fithbone diagram”™ because the complete
diagram resembles a fish skeleton. The fishbone is casy 19 consiruct and inviles interective

panticipation.[7]

Matn o erw

_\_‘ [ R,
L

Main cane Moin&nme

Figure 4.10 Grophical display of Cruse effect diagram
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4334 Histogram Or Bar Craph

A Histogram is a grophic summary of variation iz a set of daw. [1 enables us to see patiemns that
are difficult 10 see in a simple eble of numbers, [t cun be enatyzed 10 draw conclusions about the
dala set.

A histogram is & graph in which the continuous varisble is clustered into categories and Lhe

value of cach clusier is plotted 1o give n Keries of bary s bellow.[ ]

Figure 4.11 Grzphical displny of Histogram

44  ANALYSIS OF PERFORMANCE BY CONTROL CHART

$.4.1 Characterdvlics Of Conirol Charts

If n single quality charetteristic has been measured or computed from a sample, Lhe cantrol chant
shows the value of the quality characteristic versus Lhe sammple number or versus time. In
generl, the chant contains a center line that represents the mean value for the in-contrel process.

Two ather horizontal lines, calted the upper control limit {UCL) and the lower contol limit
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(LCL). ar¢ also shown on the chan, These control limits are chosen so that almost all of the data

points will tall within these limits as lony as the process remaing n-conteal.[ 1]

4.4.2 Types OF Control Charts

A Control Chart 18 most effective when used for repetitive processes that are importani (o an

organization and for which data can be oblained. There are two categories of Control Charts[1]

Variables Contrnl Charts - used when measurements are quantilative, for example, height,
weight, or thickness. Types of variables control chars are

» X bar R charl (also called averages and range chanl).

v X bar 5 chart

» Chart of individuals {alse called X chart, X-R chart, [X-MR chan, Xm I char, moving

range chart).

»  Moving average—moving range chart (also called MA-MR chart)

» Target charts {also called dilferenee chars, deviation chars and nominal charls)

o CUSUM (also called cumulative sum chart)

»  EWMA (also called exponentially weighled moving average chart)

o multivariate charl also called Hotelling T2

Attributes Control Charls - used when measurements are qualitative, for example,
acceptreiect. Types of Atributes Control Charts are

*  pchart (also called proportion chart)

s np char
# & chart (also called count chart}
» 1uchar
4.4.3 Elements Of A Contrgl Charts

A control charl consists of
I. acentral line,
2 an upper control limit,
3. a lower control limit, aod

4. Process values plotted on the chart.
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If all process values are plotted within the upper and lower control limits and no parlicular
tendency is noted, the process is refermed to as "In Contrel.” If the process values are plotted
outside the control limits or show a panticular tendency, however, the process is referred to as

"Out OFf Control” (see red-circled data points in Figurne 2 helow),

B
b
‘

& 15mS1gra, 2002

Figure 4.12 “In Contrel" Process Control Chart

155 igma, 2002

Figure 4 13 "Out Control” Process Control Chart

In @ conlrol chard, control limits are calculated by the following formula
{Average Provess Vahie) #(3 x (Standard Deviation))

Where, the standard deviation is due to unassigned process vanation only.[1]

4.4.4 Constrecting a Control Chart

Ilere is the general process for making or constructing a control charl for your process
I Select the process like to charl
2, Determine process sampling plan
3. Collect data from process

4. {Cateulate the control chart specific slalistics
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5. Calculate control limits

6. Constouct of control chart

4.4.5 When Te Fse A Control Chart

« When controlling ongoing processes by [inding and correcting problems as they accur.

= When predicting the expected range of outcomes from a process.

¢  When determining whether a proccss is stable {in statistical control).

s When analyzing patierns of process varation from special causes (non-routine £vents) or
comimon cavses (built into the process).

v  When determining whether your quality improvement project should aim to prevent

specific problems or to make fundamental changes to the process, [1]

4.4.6 Analysis Using P Chart

In indusTrial slatisiics, the p-chart is a type of control chart that is very similar to the X-bar
chart except that the statistic being plotted is the sample propertion rather than the sample meat.
Singe the proportion deals wilh the percentage of successes, clearly the appropriate data for p-
charts needs 1o be atiribute data where the outcomes tor each Trial can be ¢lassified as either a
sucgess of a failure (conform or non-conform, yes or no, cic.). The subgroup size should 1deally
be cqual, although unequal sample sices can be accommaodated.
It's Churaclerislics

¥ The "p" comes from use of the proportion of nonconforming items

¥ WNeed a good definition of nonconforming items — usually a categorical defimtion
#®  Can he of equal or unequal subgroups
=

Normally need large subgroups — can even be up to total for the period

The contral limits (or this charl bype can be determined by the formulaf | ]

J3 fo(1 — 3
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Needed compuiatlons are

Divide the number of Non conformities to baich size, (hus reseh the proportion of non
conformittes in each batch.

Sum scparniely the number of all batches and number of defectives,

Divide the sum of nen confermities to the sum of batches and the resel is mean af the
proportion of defectives.

Compute the lower and upper control limits (LCL end UCTL) using the formulas LCL = p
-3 sqn(p{1-p¥ni), where ni is the batch size and p is the mean computed previously. UCL
= p +3 sqr{p{ 1-py/ni};

If LCL is lower than 0 set it 1o 0. 1f UCL is grenter than L, setitto 1,

Plat the computed daws on the chan and observe if there is any ebservation shat fall

outside Lhe control limils.

Table 4.5 Stability Teat Period Dam for GP Network[10]

Week] Total | Both PCM | Toor -] - PCM- 3 = Cel -] Both PCM &
. No [ Slees & Celt | Performing | petformafice} performuace, Celf 5
" - pn;l'urmante sites ~ ®loor | is I'oors 7| performance i
R OK = R [P — | REC POUT

Wi 8BS 56 12 4 22 6

W2 &0 4 26 12 12 2

W3 143 80 63 25 30 5

W4 110 89 21 9 10 2

WS s 83 25 10 11 4

W6 15 9 & 2 3 I

W7 85 34 M 15 13 i

WE 134 106 48 16 26 6

bk &0 12 28 10 18 0

Wwio| 114 6% 45 21 22 2

Wil 4] e 12 b 6 o

Wiz | W 58 41 L8 20 3

W13 [ 1 74 17 21 1 5

Wid b M 75 29 1) 1] 5

W15 14 9 5 [ 3 1

W16 13 10 3 2 1

Sum { 1319 847 452 195 219 48
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Calcolation for Poar Performlng sites
Table 4.6 Data lor Poor Performing Site Using P Chant

- “Week No Total Siles | Poor Performing Sample freetion Poor
S = sites pcfﬁ':l_g'nipg _ -
Wi 38 32 0 3636

W2 60 26 04333

W3l 143 a3 0.44048

W 110 21 0. 1909

W5 108 25 02315

We 15 ] 4000

w7 g5 k) G.3647

Wi 154 48 03117

W &0 28 D.4667

WiD 114 45 03547

Wit q1 12 0.,2521

W2 99 4l (4141

Wi 111 37 0.3333

w4 104 9 0.278%

WS 14 5 03571

W6 13 3 0.2308

1119 452

Here P bar= 432/1310= 0 3427

n bar (For variable mmpleys 1319/1 6= 82,4375
UCL=0.3427+3410.3427 {1-0.3427)/82.4375 = .4995
CL= 3427

LCL=0.3427-3¥0.3427 (10.3427)/82.4375 = 01859

q adgH

12345078 0111210141516
Weak

Figure 4.14 Char lor Poor Perferming sites
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Commenis
a. All results fall within conlral limits.
b The pattern of plots of points is more or less random (with randem ups and downs
around the mean 13427}, That means there is no shill 1n the process mean o no
indication of process incapability.

. The overall charl indicates the exisience of a control in the process,

Calculation for Poor PCM Perfarmance

Table 4.7 Data for Poor PCM Performing Site Using P Chart

F ek No| ol Sitecas BCN peciormanos is | ESamplo FactonToor T
B~ ey %Emggjg"‘g =t

Wl 58 FEE 0.0455

W2 50 12 0.2000

W3 143 25 0.174%

W4 110 9 0.0818

W5 108 10 0.0926

W6 E 2 0.1333

W7 %5 B 0.1765

W3 154 16 0.1039

WO 60 10 D.1667

w10 114 21 0.1842

Wil 41 6 0.1463

Wiz 99 T D.IRIR

W13 11 2) 0.1892

W14 104 23 0.2212

Wis 14 i 0.0714

Wi 13 2 0.1538

1319 195
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TTere P bar= 195/1319=10.1478

n bar (For variable sample)= 1319/16= 82 4375
UCL=0.1478+3V0.1478 (1-0.1478)/B2.4375 = 0.265]
CL=0.1478

LCL=0.1478-350.1478 (1-0.1478)/82.4375 =0.0306

11 3HD e ———————

sanpke fracton Poor
FChA Fi

02000

. i —a—Clp

1508 f.-'.l'.-ﬁ-I—n—.-r.?-.-'-zL-e—-de— 3 - '-+-_=_'-:' -
i : i — e JCLp

o000 1 H

00500 ¢

o oo |
1 # &% 4 5 & 7 &8 9 10 1112 13 14 15 18

Weck

Figlurc 4,15 Chart for Poor PCM Performing siles
Comments
All resalts fall within control limits.
b, With an cxception of 2 single plot (WE01), all others remain nearer to mean.
¢, The pailern of plots of points is more or less random (with random ups and downs
arcund the mean 0. 1478). That means there is no shill in the process mean or no
indicaticn of process incapability.

d. The overall chan indicates the existence of 2 pood control in the process.
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Caleulation for Poor Cell Performandce

Trial 01

Table 4.8 Data for Poor Cell Performing Site Using P Chanl

Week No | Total Sites | Cell peiformance 15 sample fraction Poot

- Poor - peronming

Wl 8% 22 0.2500

W2 60 12 (. 2000

Wi 143 30 0.2098

W4 110 14 0.0000

WA 108 Il 0.1019

Wi 15 3 0.2000

W7 B3 13 0.1529

W5 154 26 0. 1688

AT e ppe— T

Wlp 114 22 0.1930
WIll 41 & 0.1463
W12 90 20 02020
w3 11} 11 0.0901
Wid P04 11 01058
W15 14 3 0.2143

W16 13 1 {1.0764

1319 219

Here F bar=215/1319= (. 1660

n bar (For variable sample)= 1319/16= 82.4375

UCL=0.1660+340.1660 (1-0,1660)/82 4375 = 0.2890

CL=0.1660

LCL~0.1660-340. 1660 (1-0. 16601/82 4375 = 0.0431
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Figure 4.16 Chant for Poor Cell perlforming sites Trial 01

Comments

a. The pattern of plots of points is more or less random against the cenlral line.

b. But, [t is observed that at Week no 9, the proportion of Foor cell Performing (0.3000) go
beyond the upper control limit (0.2890). Which is certainly unwanled. This may indicate
a lack of control, and is a strong supgpestion that a 100% nspection of week no. 9 should

be underaken,

Thus for getting smoother control limut, the data from week no (49 is dropped and new Trial

limits can be computed.



Trial 02

ANer dropping Week No 09 from the dala sheet, the revised center line, Uppcer & Lower
control limits will be following

Here P bar= 201/1259=0.160

1 bat (For variable samplel= 1259/15= 83,933

UCL=0.160+30. TBT(1-0. 60VR3. 933 =0.280

CL=0.160
LCL=0.160-370. | 0T T80TE333 = 0.040
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Figure 4.16.1 Chart for Poor Cell perdforming sites Trial (2

Comments

a. After this trail, it is seen Lhat all the plots fall within the control level.

b. The patiern of plots of pomts 18 more or less random {with random ups and downs
around the mean . 1601, That means there is no shifl in the process mean or no indication
of process incapability.

c. New plots are more random against Lhe new cenler ling than the earlter one, which
indicates more stability in (he syslem and acceplability as well As such the new Trial

limits can be accepted as the final conteal limls.
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Culculation Tor both Peor PCM & Cell Performance

Table 4.9 Data for Poor PCM & Cell Pecforming Site Using P Chart

Week No Tolal Sites Both BCM & Cell sample fraction Poor
perlommance ar performing
[Hoor
Wl B8 6 0.0682
W2 60 2 0.0333
W3 143 8 0.0559
W 110 2 AT o
W5 108 4 00370
Wé 15 1 IRIELY)
W7 85 3 0.0353
W8 154 & 0.0390
L Bt 0 (0.0000
W10 114 2 0.0175
Wi 4] 0 0.0000
Wiz 9y 3 0.030:3
W13 111 5 0.0450
W4 104 5 0.0481
W15 14 1 0.0714
W16 13 0 (.0000
1319 43

Here P bar= 48/1319=11.0354
n bar {For variable sample)= 1319/16= 82.4375

UCL=0.0364+3N0L.0364 (1-0.0364)/82.4375 = 0.0983

CL=0.0364

LCL=0.0364-30.0364 {1-0.0364)/82.4375 = -0.0255 » 0.0000

-49.
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Figure 4,17 Chart for both Poor PCM & Cell petforming sites

Comments
a.  All plots [l within contro! limits.
b. The (luctuations arc really random against the center line wilh no srgnificant trend

{(exception 5 sample shows increasing trend but 2 of them are bellow the mean and 3

plots above the mean}.
. 1t can be concluded that Lhe process is in statistical control, although scopes for

continupus improvements arc always there. Continuous improvement may bring in less

degree of variations in the plots, which is always desirable.

4.4.7 Analysis Using U Chart

Another approach is ta bast the coatrol chan on the average number of nonconformities per

inspection unit. Then

Where ci is the number of nonconformilics in the ith sample and ni is the sample size of the

sample. (This approach 1s particularly usciul when the entire production is inspected and the
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production quantity varies with each lot.). Notg that u bar is the Peisson random variables Thus,

the parameters of the control chanl are given by

T1]-]Tl-'l——'--—&;u.'|-
M ;
2 oo
o
=1 =
I v .
FLICRL
~__ \
1=t .
M . 1

— g =, —— i
On the control char, each dat paint s based on a ditferent sample size. The control limit wiil
vary from sample to sample. There arc three procedures to handle the variable sample size
solution,
a. Use varigble control limits.
b Use §=Z
- K

¢. Use n bar to compute the control limils, but use n i to examine valucs for painls near

these limils.[1]

Caleulation for Poor Performing sides
Table 4,10 Dala for Poor Performing Site Using U Charl

Week No Total silc ni | Poor Performing sites ¢i | cl/nl
Wi 88 32 036
W2 Bl 24 0.43
w3 143 63 0.44
W4 110 21 0.19
W5 108 25 6.23
e 15 G .40
W7 g5 31 .36
WE 154 48 6.31
W ff} 8 (.47
W10 |14 45 0.39
Wil 41 12 0.29
Wiz 99 4] 041
Wil 119 37 (.33
W14 104 2% 0.28
W15 14 5 0.36
W6 E 3 0.23
1319 452
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Here U har=452/1319= 034

Fer v control chart for average contral limit
nbar= P39 16= 82,44

UCL=0.34+3+ (0.34182.44) = 0.5
CL=0.34

LCLw=.34-3¥ (D,34/82.44) = D.15

Figure 4.18 Chart for Poor performing siles

Comments
» Tican be seen from the above (igure that il the points are within conirol limits, which

means Lhe process is in sialistical control, -
» Besides this, the plots are also fairly mndom against the mean or center ling,

» Thus, it can be concluded that the process is in good condition.
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Calculadion [or Peor PCM Quality sites

Table 4.11 Data for Poor PCM Performing Site Using U Chart

PCM Performance
Week No Prablem Quality 1/l
Wl BR 4 0.05
W2 alt 12 0.20
W3 143 25 .17
W4 L1 9 .03
W3 108 10 0.09
Wé 15 2 013
WY R5 15 0.18
Wa 154 16 0.10
Wo 60 10 017
Wl 114 21 01ls
Wil 41 G 0.15
w12 G4 18 0.1%
W3 111 21 0,19
Wld 104 23 (22
Wlis 14 1 0.07
Wl6 13 2 015
1319 125

Here U bar= 195/1315=0.15

For u conirol char for average control Limil
n bar = 1319/16= 82.44

UCL=0.1543% {0.15/%2.44) = (.28
CL=0.15

LCL= 0.15-33 (0.15/82.44) = 0.02
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Figure 4.19 Chan for Poor "CM perferming sites
Commeonts
All results fall within control limits.

b. The fluctuations are mndom against the center line up to WK 09, From WK 09 (o Wk |4,
samplcs fall on or sbove the center line. Bul Lhere are no specific trend (increasing or
decreasing).

¢. No points are very close te upper of lower control Limit.

d. The averall chen indicates that the process is in pood condition end Lhere is a fair control
in the process though there is improvement soope in the process.

Culenlation for Poor Cell Quality sltes

Table 4.12 Data for Poor Celt Performing Site Uising U Chan

Week No
Cell Performance

Total site quality clinl

Wl 88 22 0.25
w2 &0 12 0.20
W3 143 30 0.21
w4 M1+ 1} 0.09
W5 108 11 0.10
Wh 15 3 0.20
Wi 85 1} 0.15
W8 154 26 0.17
W &0 18 0.30
wld L4 22 a.19
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Wil 41 b Q.15

w12 9% 20 0.20

Wil 111 L 0.10

Wi4 104 L 0.11

W15 14 3 0.2t

wWié 13 l 0.08
1% 219

Here U bar=219/1319= 017

For u control chart for average conwrol limit
nbar= [319/16= §2.44

UCL= 0.17+34(0.17/82.44) =031
CL=0.17

LCL=0.17-3Y{0.17/82.44) =0.03
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Figure 4.20 Chan for Poor Cell performing sites

Comments
a, [tcan be seen from the above figure that all the points are within contro! limits, which
means the process is in satistical conwrnl, Though one plot a1 WK 09 it is close 10 Upper
control Limit.
b. Besides this, the plots ore alse fairly mndom ngainst the mean or center line,
c. Thus, it can be concluded that the process is in good condition.
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Culculation for both Poor PCM & Cell Quality sites

Table 4.13 Data for Poor PCM & Cell Performing Site Using U Chart

Week No | Total site Baoih PCM &Cell Cl/ml
perlormance is poor
W1 K8 & 0.07
W2 &0 2 0.03
W3 143 3 0.06
W4 110 2 0.02
Wi 108 4 0.04
Wo i5 1 0.07
W H5 3 004
Wh 154 & 004
W &0 G 0.00
W10 114 2 0.02
Wil 4] 0 .00
Wiz o4 3 (.03
W13 111 3 0.05
Wld 104 5 0.05
W15 14 I 0.07
W16 13 0 0.00
1319 48

Here U bar=48/1318=0.04

For u cantrol chan for average control limit
nbar=131916=5244

UCL= 0.04=3 (0.04/82.44) =0.11
CL=0.04

LCL=0.04-3¥ (0.04/82.44) = -0.03>>>>
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Figure 4.21 Chan for both MPoor FCM & Cell performing sites
Comments
All results fall wilthin contol limits,
b. The pattern of plots of points is more or less random (with random ups and downs
arourd the mean .04). That means there is po shifl in the process mean or no indication
of procesx incapability.

€. The overall chan indicates the existence of a conteel in the process.

44.8 Anaolysls Using C Chant

The C Chanrt is nn atiribute conmol chart for number of Nonconformities, under Peisson's
assumption. [n eate of C chan, the 3 Sigma can be found from the basic equations as follows[ 1]
UCLC+3S5qnC

CL Mean=(C

LCLC-3SqnC

If lewer cantrol limit iy less than zero, it must be st oL Zeto, beeause number of nonconformities
can not be nepative.

Similar to Fmction non conformities chan (' Chart, u chart), when population C valuc is
unknown, it can be approximated by an estimated C bar vatue, which is (o be oblnined from

sample distribution of sample means. Then 1he equation becomes
UCLC+3JT
CL Mean= C
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Calculation fer Poar Performing sites

Table 4.14 Data for Poot Performing Site Using C Chan Trial 01

eck NO3EPoor Ferfonming
— e e LT
S ==

W9 28 '
= W0 o | B 45 |
S=WiEE T 63 e Wi k2
W4 21 Wi2 4]
W5 25 Wil 37
w6 6 Wid 29
w7 31 wis 5
e W16 3

Here C bare 45271 6= 28

UCL= 28+3V28 = 44

Cl= 28

LCL=0 .

These fint Trizl limits, along with individus! sample non confarmitics, are plotied in a graph
bellow

70

80

50 =

a0 15
oy
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10

0

-deﬁq’?@@$@¢9$ﬁ$“~@m$\aﬁb¢“h$“b

| —— Poor Perdonming sites —a—CL «  UCL «w—LCL |

Figure 4.22 Chant for both Poor performing sites
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Comments

a. The C control chart in the above figure demanstrate that 13 out of 16 samples indicates
lair degree of randomness around the mean CL.
b. Three samples (Wk 03, WK 08, WK 1) falling outside the upper eontrol limit. Among
them WK3 fall far above Lhe Upper Contral Limit, Further investigation required on that
3 weeks [t shows Type [ error.
@, The ovarall chart indicates that the process is not in good condition.
S0, to achieve better control in the process new control limit need to be calculated omitting that

3 weeks from the process.

2nd Trail

The 2nd Trial limits are calculated as follows
Table 4.14.1 Data for Poor Performing Site Using © Charl Trial 02

W1 17 W1

12
w2 28 Wiz, 41
W4 2 Wi 37
W5 25 wia | 29
We & Wis 5
W 3 W16 3

Here C bar=296/13=23
UCL= 2343:23 = 37
CL=23

LCL=0
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t+PW Performing sHey —a—CL @ UCL —w— LCL

Figure 4.22.1 Chart for both Poor performing sites Triat 02
Comments
The revised Trial limits are ploned en the grmph nbove,

b. This demonstrate that 2 samples {alls beyond the contral limit.

c. New plows ere more mdom ngninst e cow center ling than the earlier one, which
indicates more stability in the system and soceptability as well, Bul still the process
seem o be out of control,

d. 50, 1o achicve better contral in the process new control limit need to be caleulated

omitimg that 2 weeks from the process.
Trial 03

The 3rd Trial limits ere calculated as follows
Teble 4,142 Data far Poor Performing Site Using C Chan Trie! 03

Rl

Wi
W2
W4
W5
Wi

Wi




Here C bar= 218/ 1= 20
UCL= 20+3v20 = 33
CL=20

LCL=0

T ——— T J

Wi W2 WA WS Wi W7 OWE Wil wWid WIS WiB

"—e—Poor Performing sftey —a—GCL  UCL LCL]

Figure 4.22.2 Chart for beth Poor performing sites Trial 03
Commenis
a. Al samples are within the cantrel limits with feir mndomness around 1the mesn or central
Timit.

b. Thus this limit can be considered as the final centrol limit,

Calculation for Poor PCM Quality sites
Table 4.15 Dats for Poer PCM Perfarming Site Using C Chan Frial 01

Wik 1 Poot PCM
::.N;__ H performing

w3 28 Wit &
Wi 9 W12 18
Wi 10 w3 21
w5 2 Wl4 23
W7 15 Wi1s 1
WS 16 W16 2
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Here C bar= 195/16= 12.19
UCL=12.19+3¥12.19 = 23
CL=12.19

LCL=0

These first Trial limits, slong with individual sample non conformities, are plotted in o grph
bellow

TR S i S A DI S g

[—O—PWFGM perkrming —a—CL - UCL —u—LGLi

Figure 4.23 Chart for both Poer performing sites Trial Q1

Comments
e. From the graph above it can be seen thal 2 plots cut of 16 fall beyond the Lipper Centrol
Limit which may be a sign of process oul of contrel.
b. But, all the plots are random around the control Limit or mean,
c. Noincreasing or decreasing trend found at the plol. Tt shows Type | ermor,
d. To get more control over the pﬂ:ﬂ:t!r! we have 1o go for new Trial limit omitting W3,
WK 14,

Trinl 02
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The ind Tria! limits are calculated o5 follows i

Table 4.15.1 Data for Poor PCM Performing Site Using C Chart Tria) 02

T ..5'.5;;.

P
A No==! per{prmancc’

Wi 4

Wil 12

w4 9

W5 10

wé P

W 15

Wi 16

Here C bar= |47/ 4= 150
UCL= 10.50+3V10.50 = 20.22
CL=10.50

LCL=0 |.

These 2™ Trial limits, along with individual sample non canformitics, are plotied in & grmph

bellow *

W1 W2 W4 W5 WEB WT W8 wg W0 W11 W12 Wi W15 Wi

r+PcFﬂ pariomance |3 Poor —e— CL —a— UCL —r--LCL}

Figure 4.23.1 Chart for both Poor performing sites Trial 02
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Comments

a. This graph demonstrates that 2 samples falls just beyond the contrel limil.

b. New plots are more random agasnst the new center line Lthan the earlier one, which
indicates more stability in the system and agceplability as well, But sull the process
seems Lo be out of control,

¢. 5o, to achieve better control in the process new contral limit need to be calculated

omitting that 2 weeks ffom Lhe process.

Trial 03

The 3td Trial limits are calculated as follows
Table 4 15.2 Data for Poor PCM Performing Site Using C Chad Trial 03

SWook | [ PCMi=E =M=
potfirmance performance: |
e T P |
= ESisPoor=y 15 PQ“‘-EZ
Wl 4 16 |
W2 12 10 |
W o 6 |
W3 10 18
Wa 2 1
W ] 2

Here C bar= 103/12=8.75 |
UCL=8.75+3v8.75 = 1§
CL=8.75 |
LCL=0

These 3™ Trial limits, along with mdividual sample non conformitics, are plotted in a graph

bellow
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Figure 4.23.2 Chan for both 'oor performing sites Trial 03

Commenls

n.  All Plots fall within the control Limits.

b. The pattem af plat of points is more or less mndom (wilh random ups and downs
around the menn 8,75}, That means there is no shifl in the proccss mean or no indieatian
of process incapability.

The overpl! chart inglicales tie exittence of & control in Lhe process.

d. Thus this limit con be considered as Lhe final control limit.

Calculatlon for Poor Cell Quality sites
Table 4,16 Data for Poor Cell Performing Site Using C Chart Trial 0l

w1l | 22
W2 12
w3 0
W 10 Wwi2 20
WS 1t wi3 1
Wé 3 w4 11
W7 13 wis k|
ws | - 26 . W16 1
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L

Here C har= 219716« |3.69
UCL~ 13.69+3+13.69 = 24,79
CL= 12.69

LCL=0

These firtt Trial limiis, along with individual sample non canformities, are ploited in a graph

bellow

a5
30
25
b

15 -
10 -

S PP PRI
[—e— Cefl Pertoming poor ~a-—~ CL ~e— UCL —w— LCL |
Figure 4,24 Chert for Poor Cell perfarming sites Trial 01
Commenis

a, From the above C chart we can sec that 02 plots out of 16 fall beyond the upper conimol
timits, It indicales the process may be out of control. There mey be Type L error.

b, The patiern of plots of poims is more or kess random (with random ups and downs
eround the mean |3.69) upto WK13.

c. From WKI12 to WKL& the plots shows continuous decreasing trends though all plots fall
within the control Limiw

d. From the above discussion it can be concluded that the process is not in good shape.

¢. So, 1o achicve betier control in the process new contrel limit need to be caleulated
omilling WK03 & 08 from the process.
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T'rial 02
The 2d Tral limits are caleulaied as lollows
Table 4.16.1 Data for Poar Cell Performing Site Using C Chart Trial 02

W4 i1
W15 3
wo I8 Wié l

Here C bars 163/14= 11,64
UCL=11.64+3¥11.65 = 22
CL=11.64

LCL=0

These first Trial limits, along with individual sample nom conformities, ere plotied in & graph

bellow

25
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15 =

10 3=
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[ —_»— Coll Postorming poor —a—CL «-a— UCL ~x—LCL |

Figure 4.24.1 Chan for Poor Cell performing sites Trial 02
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Commcnts

a, From the abave C Chart it can be scen that all the Plots are within control Limits.
Though 2 plols touches the upper Control Limil.

b. The Plots are relatively mare random around the mean than the previows tral,

¢. There is one increasing trend from WEK6 1o WK 10 and decreasing trend from WEK14 10
WK16,

d. The overall charl indicates that the process is in good condition and there 15 a fawr control
in the process though there is improvement scope in the pracess. So, we can consider Lhis

control limiis as the final.

Calculation for both Peor PCM & Cell Quality sites

Table 4,17 Dala for both Poor PCM & Cell Performing Site Using C Char

=Wk o B{}th PCM & Ccll*ﬂ} Week s =Both:iBCM & Cell—'*

: perfcnnmme e poot £ N0 I perfurmance are’ pam 2

- = ] | Ml O | T e e
Wil 6 Wo 4]
W2 2 W1l 2
W3 i Wil L
W 2 W12 3
WS 4 W13 5
Wé | W14 5
W 3 W15 l
W 4] Wl ]

ITere C har= 48/16=3
UCL= 3+343 = §.20
CL=3

LCL=0

These first Trial limits, along with individual sample non conformities, are plotied in a graph

bellow
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Figure 4.25 Chan for both Poor PCM & Cell Pecforming Site Using C Chan

Comments
a. All resulis fndl within control Limdis.
b. The paitern of plots of points is more or less random (with mndom ups and downs
zround the mean 3). That means there is no shift in Lthe process mean or no indicatien of
process incapability,

¢. The oversll chan indicztes Lhe existence of a control in the process.

4.4.9 Analvsis Using Pareto Principle

The misnamed Parcto princlple (lso known as the 20-80 rule, the law of the vital few and the
prnoclple of Tactor sparsity) states that for many phenomena 804 of consequences slem from
200 of the causes. The idea has rule-of-thumb spplicstion in many places, but it's eiso
cammanly and unthinkingly misused [8] |

The principle was suggested by management thinker Jozeph M, Jurgn, It was named after the
ltalian economist Vilfreda Pareio, who observed thal 80% of property in [nly was owned by
20% of the [nlian populntion. Since J. M. Jumn adopted the idea, it might beiter be called
"Juran's assumption”, That mssumption is that most of the retults in any siluation are

deicrmined by a small pumber of causes, Thnt idea it ofien applied 10 datn such as s3les figures



“20% of clicnts are responsible for 80% of sales volume.” This is tesiable, il's likely to be

reughly right, ond il is helplul in your {uture decision making,

It is important 1o nole that many people miscansirue the principle (because of the coincidence
that 20+80=100} it coutd just as well read that £0% of the contequenecs siem frem 0% of the
causes. Many people would reject such 2n “80-10" rule, but it is mathematically meaningful

nevertheless.

From our STP data we found the type of Poor quality are
#. Poar Celt Performance Quality at 219 nos sites.
b. Poor PCM performance quality at 195 nos sitey.
¢. Both poor Cell & PCM perfarmance ut 48 sites.
So, it cen be seen ol the following perato diagrem

Figwe 4.26 Parrio chart for Poor Performing sites

Comments From the graph it can be seen that cause A & B wre the main eontribuler of poor

periommance,

4491 DIFFERENT CONTRIRBUTORS FOR POOR PERFORMANCE QUALITY

The main &nd sub categories that contribute 10 the poor performance of new on pir sites are
provided bellow]11])
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4.4.9.2

Table 4.18 Parclo Table lor main

Main Category

PARETO ANALYSIS FOR MAIN CATEGORY

Calegory

Nos of Problens

% IPrishlers

01 Trensmission Problem 206 42
02 Planning Problem 2HH 41
03 Environmental sl 10
04 Hardware Problem 27 6
(He Conhiguralion 03
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Figure 4.27 Pareta chan for Main Category for Poer Performing

Comments From the Graph it con be conchded that Transmistion & planning problem

conributes 1o the poor periermance.

4.4.9.3

PARETO ANALYSIS FOR SUB CATEGORY

Table 4.19 Pareto Table for Calegory | Transmission Problem

Sub Caicgory

Nirs uf I'rablenm

2% Problems

01 Bad Tx Quality/Bad PCM Quulity | 176 i
02 DIF ABL 16 aB
03 Fiber Cul a9 04
04 Micrownve link problem o5 02
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Figure 4.28 Pareto chart for Transmission Relaled Problem

Comments From the Graph it can be concluded that Bad Tx quality/ Bad PCM quality alone

mosily contribtes 1o the Transmission Problem.

Table 4.20 Parelo Table for Category 2 Planning Problem

Sub Category Nus of Prshlens B Prohlems
01 TCH/! SDCCH congestion 61 30
02 MPD 61 30
03 Handover Prablem 47 23
04 Call set up problem 19 G
05 Interference 13 3]
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Figure 4.29 Parcto chart for Planning Related Problem
Comments From the Graph it can be concluded thet TCH/SDCCH congestion, MPD, handover
problems contributes to the Planning Problem.

Table 4,21 Pareto Teble for Category 3 Hardware Prablem

01

Sub Caregory

Feeder cable connection Problem

N o Problent % Mfroblems

5 56

02

GSM Cable Mismatch

09 33

03

BS Fault

= S Masnintoh =HE oy

PRz

. GSM mw.a‘%agﬁﬁ.?

e e i - b

Figure 4.3) Parria chan for Hardware Related Probiem
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Comments From the Graph it can be concluded that Feeder Cable Connection & GSM cable

mismatch are the 89% contributot of Hardware Problem that contribules to poor perfarmances

Table 4.22 Pareto Table for Calegory 4 Tnvironmental problem

sl o

Sub Categirsy

[

w ol Probleims i Froblems

01

Greographical Heason

35

oy

02

Ducting GiTect

16

i

=

rtad e

S .
B R T T :
Geographical Reason 1| 2% Ducting:Effact 3

; R T e LT
TR TIR A ey S g
oy e A PR et

H %5 Froblem

b —

EErTy

PRy m—— =t |
— 3-1 ?;-.Wh

il

."1:
- h:‘l—#q

n

N e e s A

Fig

Figure 4.31 Parcta char for Environmental Relaled Problem

Comments From the Graph it can be concluded that Graphical & Ducting effecls contributes to

the Environmental Problem.

4.4.%.4

Parcte Analysis For Al 'Fypes Of Problems
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Table 4.23 Parcto Table for All 1ypes of problem

Bnd Tx Quallty/Bnad PCM Quality 176 36 36
TCH/SDCCH eongestlon 61 13 49
MPD 61 13 61
Handover Problem 47 10 n
Geopraphical Reason i 7 T8
Call set up problem 19 4 B2
Feeder cable connectlon Prablem 1% b BS
Ducting Effect 16 3 B8
DIP ABL 16 3 9]
Interference 13 3 94
GSM Cable Mismaich 9 2 96
Fiker Cut 9 2 98
BS Fruli 3 1 g8
Mlcrowsve llnk prablem 5 1 99
Parmmeter Problem 3 1 100
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Figure 4.32 Pareto chan for Overall Poor quality Problem
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Figure 4.33 Pareto chan for Overull Poor quality Problem (Cumulative)

Comments The abave rwo figures illustrate individual s well a5 cumulative percentage of

prablems hat contributes to the poor performing of Newly en air BTS. As per Lhe Perntto
disgram il is clear that 82% Contributers for poor perfarming ore & types of problems. They are

L.
2. TCHrSDCCH Coengestion.
3, MPD

4,
5
6

Bad Tx Quality/ Bod PCM Quality.

Harddover problem,

. {ecographicn!,
. Call Sei up Problem,

Primarily, we should focused on the above six types problem and try to minimize this problems

that will evenmally reduce the problems and eonsequenily improve the quality of new BTS.

4.4.10

Analysls Using Cause Effect Dinprom

The cruse-and-efTect dingram can hetp resalve problems by kelping us pinpaint the roct cause

nnd stop treating symptoms.{1)

Tt resembles skeleton of a fish,
Emphasizes provp communication and brainstorming,

Stimulntes discussion.
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Leads to increased understanding of comglex problems.

Visual and presentational tool,

Can be used to improve any product, process, or service
- Any area of the company Lhal is expenencing a problem.

- Isolaics all relevant causes.

TTelps bring a problem into light
- Group discussion and brainstorming,

- Finds reasons for quality variatiens, and the relationships between them.

44.10.1 CREATING A FISHBONE DIAGRAM

« [Esloblish problem (eflect)
- State in clear terms
- agreed upon by cntire group
* Problem becomes the “head” of the fish
- draw line to head {“backbone™)
» Decide major causes of the problem
- Dy brainstorming
- Ifthe clect or problem is part of & process the major sleps in the process can be
used
+ (Connect major causes to backbone of the fish with slanting arrows.
+ [Hrainstorm secondary causes for each of the major causes.
¢ Connect these secondary causes (o their respective major causes.
+ Repeat steps 5 & 6 for sub-causes dividing with increased specificity.
#  Analyze and evaluate causes and sub-causes,

+ TDiecide and take action.[1]

4.4.10.2 CHREATING CAUSE EFFECT DIAGIRAM FOR OVERBALL QUALITY
PROBLEM
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Here the Effect is “'Quality Problem of New Sites”. This Became the Head of the

Fishbone,

By Smudying Lhe STP data & Brainstorming it is found that the Major cavses of the

Problem are Planning, Transmission, Hardware, Environmental & Configuration

prubletrn.

These major causes are connecled 10 backbone of the fish with slanting arrows.

Sccondary causes of these Major causes are identified and connected to the Major

Causes 1n the Fishbooe diagram,

[Hafozet pcbiem

_Lall’sst wp problem

TCH/SDTCH Congestlon”

STranemieslon

-Bad Txiualty .bad PCM Quality 3

IDIFABL |

Microwsie Link problem?

Parameter
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ovranmantal”
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Sefality Problems
==ofnew stes=y

wa

[ Gsm cabieMismareny] |

=7 ‘Feeder Cable =

Sronnecthiontprablem

S Hardware BI
==Prublam ZHE

4.4.10.3

From Pareto analysis we came to this conclusion that 82% Contribulors for poor performing are

Figure 4,34 Caunse Effect Diagram for Overall quality Problem

6 types of prablems, They arg

1.

Bad Tx Quality/ Bad PCM Qualiy

-70.

CREATING CAUSE EFFECT MAGRAM FOR PARETO FINDINGS



TCHSDCCH Congestian,
MPD

Hondover problem.
Geogmphical.

Cali Set up Problem.

o b B R

So, we came to the Tollewing decision that 10 reduce 82% frull we have fo give focus on the &
Major problems that contributes 1o it. [T we decrease the canses for this Major Problems we will
definitely improve the quality of our sitzs and thus reduce the CAPEX & OPEX, Above all
quality af the existing network will further improve, 1t will increase Ure customer satisfaction
that link to gromeenphone's busincss.

Here, T perform exicnaive study on STP reporl & brainstorming about the root causes that
contributes to Lhe fauls. These causes are described in the Cause efTect diagram bellow and
detail description has been provided in the next anicle. Alse the action need to be tnken also
dt:cnhcd in that article,
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: — ibad T Quatityf :
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Flgurr. d 35 Cuusc LTect Diagram on the basis of Pareto i':ndmgs
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44.10.4 MAJOR CAUSES AS PER PARETO FINDINGS

Bad Tx Quality or Bad PCA Ouality

Transmission of any signal could pass through wireless (microwave) or physical {twisted pair,
coaxial, SIIDSL, Fiber etc) medium. When the signal 1s atlenuated through its propagation path
duc to any signal distortion then it is called as Bad TX quality which often occurs due 10 below

TeAL0I1S

Causes

+ MW alignment problem due to poor suppor caustng break in LOS.
» Hardware malfunclioning,

o Tixcess distance than link budgel.

» Almasphete condition (rainwater, snow, dust, sand ¢t}

»  Fanlty PCM Cables & connectors.

o Faulty U link.

¢ Depraded Fiber Quality.

» Low capacity transmission,

= Poor splicing at Fiber joint

¢ Excessive cable bending aleng transmissicn path.

+ Protection problem at logical level.

TCH/SDCCH congestion

Stand alene Dedicated Contol Channel (SDCCH) 13 ane of the most imporant logical channels
required for signaling of call set up. This is a bi-direciional channel supporting both uplink znd
downlink direction.

The BTS switches to the assigned SDCCH used for cali set up signaling. TCIT is assigned on
SIMCCH. The MS switches to Lhe assigned SDCCH. Call setup is performed. The MS receives
TCH assignment information {carrier and time slot).

SDCCTT 15 also used for SMS messages to MS,

-B1-



Onee eall semp procedures have been completed on the control physical channe!, the MS funes

tor a traffic physical channel known as TCH. There are two types of TCH

¢ Full Rate (TCH) Transmits [ull rate speech (13 Kbits/s). A full rate TCH oceupies one
physical channel.
«  Half Rate (TCH/2) transmits half rate speech {6.5 Khits/s) Two half rate TCH can share

one physical channel, thus doubling the capacity of a cell.

Cunses

» Limited capacity
s Interferetice ocours due to same frequency use i neighbor cell.
o Insufficient FRLI.
« Due (o increase traffic there might be unavailability of TCH/SDCCH for setup of mobile
calls
« SDCCH and TCH has not been defwed properly.
FD

MPD refers to Minutes Per Drop call, Tt is a performance measuring parameter of a particular
cell. I the MPD is high the cell performance is considered Lo be good and vice-versa, Threshold

value for MPD in Gramenphone is =30, I{ it crosses this limit action needs (o be taken

Causes

» FElectrical or Mechanical Tilting of G3M antenna.

»  Orientation of GEM antenna.

» Neighbor Cell definition problem.

* Hilly Areas.

¢ At barder cell Timing Advance {TA) is controlled and as a result MPD {Minute per
Drop) is relatively low and excessive drops encounict.

» Hardware problem.

» TCH Drop

+ Signaling Strength Drop

B2



«  Uplink and or Dawnlink Drop
* Timing Advance drop
+ Sudden Drop

Hundover Prohlem

Handover is the process, where a call 15 switched from one physical channel to another. while

the MS moves around. This is the active mode when the MS is on and 4 call 15 in progress.
BSC performs the following functions that lead to Handover

Dynamic power control in MS and RBS
Ihe BSC calculates adequate MS and BTS output power based on the received
measurements of the uplink and downlink This is sent to the BTS and the M5 every 480ms
10 matntain good connecting quality.

Locating
Thiz function continuously evaluates the radio connction to the MS, and. if nceessary,
suggest a handover to another cell. This suggestion includes a list of handover candidate
cells. The decision is based on measurement results from the MS and BTS. The locating
process is being executed in the BSC.

Handover
IT the Tocating function proposes Lhat a handover wke place, the BSC then decides which cell
10 handover 1o and begins the handover process.
Tf the cell belongs to another BSC, the MSC/VLR must be involved in the handover.
ITowever, 1n a handover, lhe MSC/VLR s controlled by the BSC. No decision making is

performed in the MSC because it has no real time information about the connection.
Causes
»  Qp¢ours due to cell border coverage Problem.

¢  Parameier Froblem,

Geographical Reason

Causes
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s At botder cell Timing Advance (TA) i¢ conirelled and as a result MPD (Minute per
Drop} is relatively low and excessive drops encounter.

« Due to Nilly area 55 drop occurs.

s Ifecell is placed i an open area and placed at river side for which 88 and other drop
OCCUrs

v The performance of few site are sulfered because of distance trallie. Most of the

tralfics are at (he edge of the cell and as a result UL to OL 110 success rate is very

[roor,

Call sct up problem

Call set up involves the following processes

Paging
The BSC sends paging messages to the RBSs defined wathin the desired LA. The load
silualion in the DSC is checked belore the paging command is sent 1o the RBS

Signaling set-op
During call set-up, the MS connection is transferred o an SDCCH allocated by the BSC.
If the MS initiated the conncetion, the BSC chiecks its processor load before the request 15
furthet processed,

Assignment of traffic channel
ANer SDCCH assignment, the call set up procedure continues with the assignment of a
TCH by Lhe BSC. As this takes place, the radio channel supervision functions in the BSC
are informed that the MS has been ordered to change channels. If all TCHs in the cell are

occupied an attemnpt ¢an be made to utilize a TCH in 4 neighboring cell.

{Cause

» Unavailability of SDCCH.
» HIGH SDCCH CONGESTION.
s Poor Hundover success rate,

» LOL {Fath Loss threshald).

B4



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

Grameenphone built a healthy and robust infrastructure in terms of telecommunication network
which is expanded at a record pace every year as well. The Radio in terms of coverage and
capacity, Transmission and Switching nerwork in terms of number of base station, connecting
transmission line, switching system (MSC) and s0 on To ensure the slatus of market leader she

has (o mamtain good quality new on On air BTS,

Quality of New sites is & imporiant concern of grameenphone for quality network for the valued
customers as well as for reducing CAPEX & OPEX of grameenphone, From the above analysis
and discussion the following recommendations can be drawn for improvement ol quality to a

further level,

9.2 RECOMNMMANDATIONS

s The P chant, U chan & C chart are developed here can be used for monitoring the new on
Adred BTS quality with the prescribed contrel limit. This charl will be drawn for every 3
months interval lo measure the unprovement. Every time new & comservative control
limit will B¢ sel and this target will be forwarded to all the concemn depariments to
achicve the target within that perniod. This will continue further quarter and on, This will
be the part of their SLA {Service Level Agreement). I

= Az we have developed The Pareto charr and from that we can draw Lhat only 6 types of
Causes actually contributes to the E2% of the Total Problems that is of Poor STP quality.
I anatyzed all the & Major contributory causes and draw the action poims o minimize

these causes. They are described bellow
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Bad Tx Ouality ar Bad PCM Quality

Nigh quality weather proof PCM iransmission cable,
Use of quality connectors.

Making of U link should e propetly done,
Microwave alignment with exact LOS.

Proper splicing of Fiber.

LIze of good 1DV & ODU.

Capacity up gradation,

TCH/SDCCH congeslion

MPD

TRU addition.

Parameter tuning.

Atfrer SDCCH re-dimension CONGESTION decreased.

Proper SIHCCH and TCIT has to be defined at plamning end.

Capacily up gradation is the simple and straight forward method of reducing
TCH/EDC{H congestion,

Change in LOL (Path {oss threshold}

Parameter uning.

Handover Problem

Handover addition/deletion.
Parameter tuning (LOL, LOLHY ST BSPWERE . BCCH BCCHNO,DCHN O}

Mew band introduction

BA-



eographical Reason
= Parametet luning,
# Selection of location {Example For Hilly arzas the highest point should be aken if wide

range of coverage need to be provided.)

Call set up prohlem

»  TRU addition

+ Tlandover addition‘deletion
+ Parameter funing

»  New band inlroduclion

* LOL change.

Finally [ have ended up with drawing a Causc Effect diagrany Fish Bone diagram that will give
a clear idea where more focus needed for Quality Improvement of Mew BTS Sites. This will also
help in operation as whal action needs to be taken against specific problems is deseribed in more

clear way.

BT
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