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ABSATRACT

GrameenPhonc LId, Is the largest mobIle phone operator in Bangladesh with more than 20

fiLHian ,ub,criber, and around 12000 Base Slations at 6000 locations all over the country? The

quality of (he network is largely depends upon the ~uality of:-lcwly on Air sites. With the huge

implementation pace the quality of newly on Air ,ite' are creating some COncerns,

Aller gelling on Air ofa site it pa>se, through Stability P~'Tiodfor allcast n hours, During this

period the base Station is checked for (wo important quality parameters ". reM quality & Cell

quality. A good quall!Y site musl pass lhe,e parameters, My focus in this the.i. is to improve the

quality of ncV. 1)' 011Aired siles,

In this the,i" I studied & analyze lhe overall plan1l1ng, Implementation and "cceplancc process.

I studied STP data & TR feedback & de,elop slalislieal Process conlrol system using Control

Chm, Pareto analysis, Cause-Effect diagram. I identify lhe rool cauSe~ of differenl kind, of

problems those are responsible for poor quality and prOVidesuggestion for lbe soluli[)ns, Overall

I develop a model for quailly improvement keeping lhe roll oul paee on going.
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CHAPTERl

INTRODUCTION

1.1. BACKGROUND

The grameenphone is onc of the largest mobile operators in Bangladesh with a conSLderable

percentagc of market shares alonc. The company already entered mto 11 years of its successful

operation in Bangladesh & became one oflbc main drive force, of Bangladesh economy,

As gramccnphone i, ba,ically a semce providing organimlion, the ,uccess of the company is

dependent on cuSlOmer satisfaction which is agam dependent on lhc quality & efficiency of the

service, Besides direcl customer support & carC (whIch is taken c"re by Customer Relalion

Division), Tcchnical Division is thc concerned division which is responsible for thc quality &

efficiency of the ovcrall ser\'ice Whenev~'f a New BTS corne on AIr it Lnstantly carrying traftlc.

So, the quality of New on Air stte lSvery important for our valued customer satisfaction, Current

protocol to gel site on Air is a, described in the following figure 1,1.

Gramcenphone ho, almost 12000 base stations at 6000 locations all over the coonl.ry, To face

the huge competition at telecom industry by rival other 4 mobile operators she may have 10

locrease her base stations rapidly lO almost double within ne~t 2 years to comply with

consumers needs. To keep the status of lhe current morket lead~'f in fnture, she ha, to keep her

service standard to the customer satisfaclion leveL To meet that lhc quality of ne'" on air base

station h"s to be lOp cia"".

After completion of commissioning the sile acceptance te"m accepts the site and immediately go

for traffic, Gramcenphane NIC (Network InlcgralLon Center) departmcnt monitor the ,talus of

every site for 72 hours after given on air. This is called Stability J"e,l Penod shortly termed as

STP. 1lley check 2 important parameters a) rCM perrormanee & b) Cell p~'Ifonnance & these

two parameters are directly related to network quality.

My project directly aim~ al in depth analyze the PCM & Cell performance of cluster ofstte. (per

week on air) during STP, IIndlng out the root causes, suggesting ,tatistic"l quality control &



providing clear gULdcllnes (0 keep the standard of new on air sites ot mternational level with

respect to the coming & ongoing rollout pace.

:j;FiiWl'j!Si.
:Acceptane .

Figurc l.l Handover Protocol of New BTS

1.2. OBJECTIVE WITH SPECIFIC AIM AND POSSIBLE OUTCOMES

The main object!ve, of this study arc

• Study and analyze the o,'erall planning & implementation proces; for new BTS

• Analyze the work and cum-'Jl!performances of different interface,.

• Develop statistical Proce" control system for reqUIred interfaces.

• Identify and sugge,t for removing the root causes of different type, of problems,

• De.clop a model for qUlllity Lmprovement keeping the roll out pace on going.

The main outcome, oflhis study arc

• A comprehenSIve guideline for improving: p~'fformanee of the Lntegrated ,}stem.

• ReductLon offaults of newly corruuissioned ,ites (0 reduce the OPEX a, well as (0

increase customer sati,faction,



J

1.3 METHODOLOGY
-- --

To reach a well defined de'tination (hi, research will follow the step-hy-'lep approach as 'Ialed

bellow

• Study and analyze the overall planlllng & implementation process for a new BIS thai

come on aIr.

• Analyze Ihe work of different interface'_

• Analyle Stability TeSl Procedure for gramecnphooc for New BTS,

• Collect !he SIP report ofslte\ coming every week and analyze (he report,

• Develop .tati,licall'roce,~ Control Plan,

• Analy£c the TR feedback and root cau,e analysi, ofdiffcrcnllypcs of problem._

• Develop a model for quality improvement keepmg the roll out pace on going,

• Recommendations for improvement.

•
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CHAPTER 2

OVERVIEW OF THE GLOBAL SYSTEM FOR MOBILE

COMMUNICATIONS

2.1 HISTORYOFGSM

During the carly 1980s. analog cellular telephone systems were experiencing rapid growth in

Europe, particularly 1n Scandinavia and the United Kingdom, bul also in France and Germany.

Each country developed its own system, which was incompatible with everyone else's in

eqUipment and operation. Thl, "a, aD undesirable situation, because nol only wa, the mobile

equipment limited 10 operation within national boundarie" which in a unified Europe were

increasLngly unimportant, but ther" "as also a very bm,led market for each type of equipment,

so economies of sc,le and the sub,equent sa.rogs could not be realized.

The Europeans realLzed Ihis early on, and in 1982 the Conference of European Posts and

Telegraph, CCEPT) fanned a study group called lhe Groupe Special Moo,le ((iSM) 10 sludy and

develop a pan-European puolic land moolle syslem, The proposed sy,lem had to meet certain

erileria

• Good subjeclive speech qualily

• Low lcnnlnal and service cost

• Support fur inlcmallonal roaming

• Aoility 10support handheld terminals

• Supporl for range of new services "nd facilities

• SpeciJal efficiency

• ISDN compatibilily

In 1989, GSM responsibilily was iJansferrcd 10 the European Telecommunic"lion Standards

Institute (ETSI), and phase I of thc GSM speclficallOns were published in 1990, Commcrcial

service was slarted in mid-1991, and by 1993 lhere were 3~ (iSM networks in 22 couniJics,

Allhough standardIzed in Europe, GSM i, not only a European slandard Over 200 GSM

net'Works (induding DCSl800 and PCS1900) arc operallonal in 110 counlries around the world,

in !he beginning of 1994, there were 1.3 million subscribers worldwide, which hod gro'Wn to



mor~ \han 55 million by Octobc1" 1997. With North America ma~ing a d~layed ~ntry into the

GSM field with II d~riVZltiv~ef GS~I called PCSI900, GSM .y~term exist on c"err centinent,

and the llCronymGSM new aptly mnds for Global System for Mebile communieations. [5}

2.2 ARCIlITF:CTUR~:OrTHF: GS~1NF;TWORJ(

CD-P-

.~':.::: ; ---,-
eu. IIl1etoGO

Figure 2.1 Overview /ll'ChltC(:IUf~of a GSM n~lwerl<

A GSM ntt\l,orl< is composed ef s~vC11lIfunctional entiti~, whose functiens and interf/IC~ IlIl'

spn:ified. Figure I !how! the layout ef a gmo:tie GSM ne""orll. The GSM network can be

divided inle Ihrce broad plIm. The Mebile SllItion is cwied by the !ubs<:ribcr. The B•••e Station

Subsy!lem control! the rodio lin\: wilh !he Mobile Sl.!llion. The Netwerk Subsystem, !he tnllin

pan of ,,'hich is the Mobile serviees Switching Center (MSC), perfornt!l the swi"hing ef calls

between the mobile It!et'S, lnd betwcm mobile and fIXed netwerk It!erl. The ,""SC also h.ndln

lhe mobility IlWUIgemc:nt eperations. Not shown is !he Operations and Maimenanc:c Center,

which evcnees the proper opeflltion and setUp of the netwerk. The Mobile SUllion and the 811!e

SUltien Subsystem communicate across the Urn interface, al", \:nown lIS the air intcrf:lCC or

-,-



radio link. The Base Station SUbsySlem communicates with lhe Mobile service, Swilehmg

Cenler across lhe A interface.

Urn: .. ",.Abl~. A:, " ... 'M_
St<llion Base StationSWlfl'Sl.... NetworkSulJoywt••.•

e,•• S"h""nh" 'n,"','> """""
M, MobJoEq""m'ol
816 Sa>eIr",,,,,ver H.b,,"

R"r R"" ""t,nn ~oo"o"" M"r Moo',"••..,'" Swlto""'or,nt"
HLA Hom, l"".tlo<t Aeg,ter EIR EqUlp<',ntId,nt,y Aegl>ltr
VlR VI",,, L"",t,on R'giSt" ,,"C ""!"mtle.tiIln C.mer

figure 2.2 General archileelure of a GSM nelwolk [2}

2.2.1 MobileStation(MS)

The mob,le ,lallon (MS) consisls oflhe mobile equipment (Ihe lerminal) and a smart card called

lhe Subscriber Identity Module (S1M), Tbe SIM provides personal mobilily, so Ihat Ihe user can

ha'e access 10 subscribed services irrespeelive of a ,ped fie terminaL By insertmg the SIM card

inlo anotber GSM lerminal, the user is able 10 receive calls at lhal terminal, make call. from thai

terminal, and receive other subscribed services,

The mobile equipment is uniquely idenlified by the lntemational Mobile Equipmenl JdentLty

(IMEI). The 5];"'1 card enntains the International Mobile Subscriber Identity (IMSJ) used 10

idenlify the subscriber to the syslem." scere! key for authenlication, and other ,"formalion, The

IMEl and lhe IMSI arc independenl, thereby allowing personal mobilily. The 51M card may bc

protecled againsl uoauthorized use by a password or personal idenlity number,



2.2.2 Base Station Subsystem (BSS)

The Base Station Subsystem is composed of two parts, the Ba,e Transceiver Slal",n (BTS) and

the Base Station Controller (BSC). lhe Basc Transceiver Station homos thc radio lraneeive",

thai define a cell and handles the ,"dio-link protocols w'th the Mobile Station, In a large urban

area, there will potentially be a large number ofBTSs deployed, thus the requiremenls for a fiTS

are ruggcdness, reliability, portabilily, and mm;mum cost.

The Base Slation Controller manage, the radio resources for one or mOre BTSs. It handles ,"dio-

channel setup, frequency hopping, and handover<, as dcscnbed below, The BSC IS lhe

connectIOn between the mobile station and the Mobile serviee S" itching Cenler (MSC).

2.2.3 Network Suhs)"tcm

The central componcnt of the Network Subsystcm is the Mobile services Switching Center

(MSC). It acts like a normal switching node oflhe PSTN or ISD1\, and addiliunally prOVides all

lhe functionality needed 10 handle a mobile subscriber, such as reglSlration, aulhentieatlOn,

location updaling, handover<, and call routing to a roaming sub,criber, These services arc

proVIded in conjunclion with several function~1 cntitle" which logelher form the Network

Subsystem. The MSC pro,ides the connection 10 the foxed networks (such as lhe PSTN or

lSDN). Signalmg between funClional entlties in the Nclwork Subsyslem u,es Signalmg System

Number 7 (SS7), nsed for trunk signaling in ISDN and widely used in current public networks,

The 110me Locoliun Register (IILR) and Vi,itor Location Regi,ter (VLR), together with lhe

MSC, provide the call-routing and roaming capabitltleS of GSM. The HLR contains all the

administrative information of each subseriber regIstered in the corresponding GSM nelwork,

along wilh the eurrenllocation of the mobile. The loeallOn ofthe mobile is lwically m lhe form

of the signaling address of the 'I/LR associated with the mobite station. The actual roUllng

procedure will be describ<XIlatcr. There is logically one HLR per GSM network, althongh ,t may

be implemented as a distributed d~labasc,

The Visilor Locallon Register (VLR) eontams selected adminislrative information from lhe

HLR. necessary for can conlrol and prO'lSlOn of the subscribed ser,ices, for each mobile

currenlly locatcd in the geographical area conlrolled by the VLR Althongh each functional

enlity can be ,mptemented as an independent unit, all manufaclurers of swilching equtpment to

dale nnplement lhe VLR logelher wilh lhc MSC, sOthat lhe geog,"phical arca controlled by the



MSC corre'ponds lO that controlled by the VLR, thus sImplifYing tbe sign,ling requlred. )\ote

thai the MSC contains no in[onnation about particubr mobile statIOns --- this infonnation is

storod in the location registers,

The other t",o registers are used for authentication and security purposes. The Equipment

Identity Register (EIR) is a database that contain, a list of all valid mobile equipment on the

net",ork. where each mobile st,tion i~ idenllfied by its International Mobile Equipment ld~'lltlty

(IMEI). An IMEI i, marked as Lnvalid ifit has been reported stolen or i, not type approved. The

A"lhentiealion Center (AlLC)is a protected d,tabase that stores, copy of the secret key stored in

each subscriber's SlM card, which is u,ed for authentication and eneryptLon over the radio

channel.

2.3 RADIO UNK ASPECTS

The International Teleeommunic,tion Union (ITU), which manages the internalional allooation

of rad;o speotrum (JITlong many other funclions), allocated the bands 890-915 MHz [or the

uplink (mobile station to b,se station) ,nd 935"960 MHz for the do",nlmk (base station 10

mobile station) for mobile networks in Europe. Since this range was already bemg used in (he

early 1980s by the analog systems of the d,y, the CEPT had the foresight to reserve the top 10

MHz of each band for the GSM network that was s\LUbeing developed, Eventually, GSM will

be allocated the entire 2x25 MH~ bandwidth.

2.3,1 Multiple Access And Channel Structure

Since radio spectrum i, a I1mited re30urce shared by' ,II users, a method must be de,ised to

divide up the bandwidth among as many userS a~ pOSSLble.The method cho,en by GSM is a

eombmalLon of Time- and Frequency-Di,i,ion Multiple Access (TDMAIFDMA). The FDMA

par! involves the division by frequency of the (ma,imum) 25 MHz bandwidth mto 124 carrier

frequencies 3P'Ced 200 kHz apart. One or more carrier frequencies arC assigned to each ba~c

Slalion, Each of these cfllTicr frequencie3 is then divided ,n time, using a TDMA scheme. The

fundamental unit oftime in Ihis TDMA scheme is called a burst period and it la~ls 15/26 m, (or

appro" 0,577 m3). Eight bur,t pcriods are grouped into a TDMA frame (12{)/26 ms, or arrrox

4,615 ms), wh'ch forms the ba~ie untt for the definition o[ logical channels. One phYSLcal

channel i~one burst penod per TOMA frame.
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Channels are defined by the number "nd position of their corresponding burst periods. All these

d.finitions arc cyclic, and the entire paUem repeats approximately every 3 hours, Channels can

be divided into dedicated channels, "hlCh arc allocated to a mohile smtion, and common

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

2.3.1.1 Traffic Channel,

A traffic channel (TCR) is used to carry speech and data traffic, Traffic channels are defined

using a 26-frnme multi frnme, or group of 26 TDMA frnme" The length of a 26-frame multi

frame IS 120 m" which is how the length of a 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 traffic, I is

used for the Slow Associated Control Channel (SACCH) and I is currently unused (see Figure

2e), TCRs for the uplink and downlink arc separated in time by 3 burst periods, so that the

mobile station docs not have to transmit and receive simultanenusly, thus simplifying the

ele<otronic"

In addition to these full-rate 'fCRs, there are also half-rnte TCHs defined, although they are not

yet implemented. Half-rate TClis will effectively double the capacity of a system onCe half.rate

speech enders are specified (i,e., speech coding at around 7 kbps, instead of 13 kbps). Eighth-

rale TCl-ls are also specified, and are used for SIgnalling. In the recommendatIOns, they are

called Stand-alone Dedicated Control Channels (SDCCH).

F"m" 0_11 TCH 1m." 13_14 TCH F, ••"" :u", .•.,,"

"_h,,,,, "",,,,,,.,,
nom,,", ".""- -

"1"'1" ••I" " "' "" , , , . , , ,
, , -

TDMA~,""
D",,_ 6On3""

-- -
G:f • 0 " 0 " ~
T,,' n>t,'''' ""''''1 T""", ''''''"I D,t b", T"l """"" w "q""'" ", "" bl~

N.n»l ;" •• ,

","",," ""' •.•
FLgure 2,3 Organintion of bursts, TDMA frames and multi frames tor speech & data [2)
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2.3.1,2 Omtrol Channd,

Common channels oan be "coessed both by idlc mode and dedLoated mode mobile,. Thc

oommon ohannels arc uscd by idle mode mobiles 10exoh~nge thc SIgnaling information required

to change to dedicated mode. Mobiles already In dedicaled mode monilor the surrounding base

station, fur handover and other informalion, The common channels are defined within a 51-

frame multi frame, so that dedicatcd mobiles u,ing the 2o-frame mull] frame TeH struclure can

~lill monilor control ohannel,_ 1 h. common channels indude

Broadca.t Control Channel (BCCR)

Continually broadcast" on the downlink, mformalion including base station identity, frequency

allocation" "nd frequcncy-hoppmg 'equence,.

Frcqneney Correction Channel (FCCH) and Synchronization Channel (SCII)

Used to synchronize the mobile to the time slol structure of a cell by det,ning the bounda"es of

bur,l periods, and the time ,lot numbering. Every cell in a GSM network broadca,ts exactly one

FCCH and onc SeH, which ore by defmition on time .lot number 0 (WIthin a TDMA frame].

Random Access Channd (RACR)

Slotted Aloha channel used by the mobile to reque.t "cceS~ \0 thc network.

Pagin!: Channd (PCII)

Used to "lert the mobile station of an incoming call.

Access Grant Channel (AGCH)

Uscd to allocate an SDCCH to a mobile for signaling (in urder to obtain a dedicated channel),

folloWLnga request on the RACR.
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2.3.1.3 Bur,tStructurc

There are four different types of bursts used fur transmission in GSM. The normal burst is used

to carry data and mosl ~ignal1ing, It has a total length of 156,25 bits, made up of two 57 bit

infonnation bits, a 26 bit training ~e~uenee used for equalizalion, 1 slealing bLt for each

information block (used for FACCII), 3 tail bits al each end, and an 8.25 bil guard se~uenee, as

shown In Figure 2 The 156.25 bils are transmitted in 0,577 ms, giving a gross hil rale of

270.833 kbps,

The F burst, used on the FCCH, and the S burst, used on the SCH, have the same lengfh as a

normal bursl, but a different internal struelure, which differentiales lhem from normal hursts

(thus allowing synchrOnization). The acces, hurst is shoner than the normal bursl, and is used

only on the RACH, [2}

2.3.2 SpeechCoding

GSM is a d'gital sy,tem, so speech which is inherently analog, has to be digiti/ed. The method

employed by lSD1\', and by current lelephone systems for multiplexmg voice lines over hLgh

speed trunks and optical fiber lines, is Pulse Coded Modulation (PCM), The output stream from

PCM is 64 kbps. too high a rale to be fea,ible over a radio link. The 64 kbps signal, although

~imple 10 implement, contains much redundancy, The GSM group ~tudied several speech coding

algorithms on lhe bas's of subjective spc~h quality and complexity (which i, related to cost,

processing delay, and power consumption oncc implemented) before amving at the choicc of a

Regular Pulse Excite,I-- Lincar Predictive Coder (RPE--LPC) with a Long Term Predictor loop.

Basically, information from previous sample" which does not change very quickly, is used to

predict the CUffent sample. The coefficients of the linear combination of lhc previous samples,

plus an encoded fonn or the residual, the difference betlveen the predicted and actual sample,

represent the signal. Speech," divided into 20 millisecond samples, each ofwh,ch is encoded a~

260 bit" giving a total bit rate of 13 kbp~, Thi, ,. the so-called Full-Rale speech coding.

Recently, an Enhanced Full-Rate (EFR) speech coding algorithm has been Implemented by

some North American GSMI900 operator;. This is said to provide improved speech quality

using the exi,ting 13 ~bps bit rate. (2)
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2.3.3 Channel Clldin~ And Modolation

Became of nalural and man-made electromagnetic interference, the encoded speech or data

signal transmiUed over the radio interface musl bc protecled from errors, GSM uses

convolulional ~']]coding and block interleaving to achieve this proteellon, The exacl algorithms

used differ for speech "nd for different dala rate' The method used for speech blocks will be

described below.

Recall thai lhe 'peech codcc produces a 260 bit bloek for cvery 20 ms speech samplc. From

subjectivc testing, It was found that some bils of this block were mOre important for perceived

speech quality than others. The bils are lhus divided into three classes

• Class la 50 bits - most scnsltlve to bit errors

• Class Ib 132 bit3 - moderately scnsillve to bit errors

• Cla" II 78 bits _ least 3en3itive to bit errors

Class la bils have" 3 bit Cyclic Redundancy Code added for error detection. If an error LS

detected, the frame is jndged 100 damagcd to be comprehensible and II is discarded, It IS

replaced by a slighlly aUenuated version of the prcvlOus correctly received frame. These 53 bits,

together with the 132 Class lb bItS and a 4 bit l"il '.qncncc (a tolal of 1g9 bits). are inpn( into a

lJ2 rate convolullOnal encoder of constramt length 4 Each input bit IS encoded as lwo output

bits, based on a combination of the previolL, 4 input bits. The convolutional cncoder thns ontputs

378 bils, to which are added the 78 remaining Class" bils, which are unprotected. Thus every

20 ms ,pceeh sample i, encoded as 456 bits, giving a bit rate of22,8 khp3.

To further protect against the burst errors common to the radio inlcrface, each sample is

int"rlcavcd. '1he 456 blt3 outpnt by thc "ohvolutional encoder are divided into 8 blocks of 57

bil" and these blocks are transmitted in eight consecntive time-siot bursts, SLnce each lime-slot

burst "an can:y two 57 bit blocks, each burst carries tmillc from two different speech samples,

Recall that each time-slot burst is transmined at a gross bit rate of 270.833 kbps. This digital

,ignal is modnlated outo the analog carrier frequency u3ing Gau"ian-mlered Minimum Shift

Keying (GMSK). GMSK was selected ovcr olher modulatiou scheme, as a compromise between

spectral efficiency, complexity of the transmitter, and limited spurious emission,. The

complexity of thc lransmiUer is related to power eonsumptlOn, which should be minimil.ed for

the mobile station, The spurious radio emission" outside of lhe allotted bandwidth, musl be

strictly controlled '0 as to limit adjacent channel interference, and allow f", the co-existcnce of

GSM and the older analog systems (at leas( for the time bein!;), [2]
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2.3.4 Multil'ath Equalization

At the 900 MHz rouge, radio waveS bounce off everything. building', hill" cars, airplanes, elc.

Thus many reflected signals, each with a different phase, Call reach an antenna, Equalization is

used to extHcl the desired signal from the unwanted reflections, It works by finding out how a

known tmnsmilled signal is modified by rnultipath fadlllg, and constructing an inverse filter to

extract the rest of the de,ired signal. This known sIgnal's the 26-bil training: sequence

transrniued in the middle of every /lme_slot burst. The actual implementation of the equalizer is

not 'pe<oil,ed in the GSM specifications.

2.3.5 frequenc}' Hopping

The mobile slation already has to be frequency agile, meaning it can move between transmit,

reCClve, and monitor time slot within one TDMA frame, which normally "re on different

frequencies, GSM makes use of this inherent frequency agility to implement ,low frequency

hopping, where the mobile and BTS transm,t each TDMA frame on a different carrier

frequency, The fre<juency hopping algorithm is broadcast on the Broadcast Control Channel.

Sincc multipath fadmg is dependent on carrier frequ~'Tley, slow frequency hopping helps

alieviate thc problem, In addLtion, co_chnnnt'! interference is in effeet randomi/.ed.

2.3.6 Di,eontinullus Tran,mission

Minimizing co-channel inlerfc>fcnccISa goal tn any cellular sy,tem. ,ince it allows bcttcr serVLce

for a gi,cn ccll sl?e. or the use of smaller cells, thus increa,ing the o'cral1 capacity of the

system, Discontinuous transm,s,;on (DTX) " a method that t"ke, advantagc of the fact that a

person spcaks less that 40 percent of the hme In normal conversation. by turning thc transmLtter

off during silence periods. An added benef't of DTX is that power is con,er,cd at the mobile

unit.

Thc most important component of DIX IS, of course, Voice Activity Detection, It mu,l

distinguish between voice and noise inputs, a tssk that 'S not as trivIal as it appears, considering

background noi,e. Ifa voice signal is misinterpreted as noise, thc transmitter,s turned otl"and a

very annoying etYect called clipping is heard at the receiving end, If, On lhe other hand, noise is

misinterpreted as a voice signa! too often, the efficiency of D1X i, dramatically decreased.

Another the tor to consider lS that when the transmitter is turned off, there is total ,ilence heard at
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the receiving end, due to the digital nature ofGSM. To assure the receiver thai Ihe connection is

not dead, comfort noise is created at the receiving end by trying to match the characteriltics of

the transmitllng end's background noise.

2.3,7 Di'eontinuou. Reception

Another method Uled to con.erve power at the mobile station lS dlscontinuOUI reception, The

paging channel, used by the basc station to signal an incoming call, i, structured lIlto sub-

channels. Each mobile Itation needs to listen only to its own sub-channel. In the time bet"een

succe,sive paging sub-channels, the mobile can go into sleep mode, when almost no power is

used.

2.3,8 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 "atts, To minimize co-channel Interference and to conserve power, both

the mobiles and the Base Transceiver Stations opcrate at the lowest power level th"t will

maintain an acceptable Signal quality. Power levels can be ,tepped up or down in steps of 2 dB

from the peak power for the class down to a mimmum of I3 dBm (20 mill watts),

The mobile station measures the sign"1 ,trength or slgnal qual>ty (based on the Bit Error R<ttio),

and passes the lIlf",malion to the Base $t"tion Controller. which ultimately decides if and when

the power level should be changed Power control should be handled carefully, since there is the

l'os,ibility of instabihty, This arises from having mobiles in co-channel cells alternately inereale

thcir pO"Cf in response to lncreased co-channel interference c"u,cd by Ihe other mobile

incrcaSlllg ,ts power, This in unhkely 10 occur in practice but it is (or was as of 1991) under

study.

2.4 COMMUNICATION MANAGJ:MENT

The Communication Management layeT (CM) is rcsponsihlc for Call Control (CC),

supplementary service management, and ,hort me"age ,er;';ce management. Each of these may

be considered as a separate sub layer within the eM layer. CHII control atlempts to follow the

ISDN procedurel specitied in Q.931, although routing to a roaming mobile subscriber is

obviously unique to GSM. Other functIOns of the CC sub layer include call establishment,
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selcction of tbe typc of scrvicc (inclLlding altcrnating bctwecn servlccs during a call), and call

release.l2J

2.4.1 Call Routin::

Unlike routing m the fixed network, where a teITIlinnl is semi-peITIl"nenlly wired lO a central

office, a GS?\.fuser can roam nalionally and even mternallonally. 1lle directory number dialed to

reach a mobile sub,criber is called thc Mobile SLlbseribcr ISDN (MSISDN). which is defined by

the E.I64 numbering plan, This number include, a country code and a National Destination

Code which Idenlit"tes the subscriber's operator. The first few digits of lhe remaining ,ub,cribcr

number may idenlify [he subscriber', HLR within the home PLMN,

An incoming mobile ternlinating call i, direcled 10 the Galeway MSC (GMSC) funelion, The

GMSC is basically a switch which LSahle to inlerrogate lhe <uhscriber's HLR 10 oblain routing

infonnalion, and lbLlS contains a table linkmg MSISDNs to their eorre'pondmg IlLR A

simplification is to have" GSMC handle one 'pecific PLMN, II should bc noted that the GMSC

funcllOn is distinct from the MSC funelion, but is uSUlLllyimplemented in an MSC,

The routing information that is returned to the GMSC IS thc Mobile Sial Ion Roammg Number

(MSRN), which is also det,ned by the E.1M numbering plm, MSRNs arc relatcd to the

geographical numbenng plan, and not asslgned to subscribers, nor are they vi,ible to

subscribers,

The most geneml fOLltingprocedure begin, 'With the GMSC qLlcrying the called subSCriber's

HLR for an MSRN, The HLR typically stores only the SS7 address of the subs~'Iibcr's currcnt

VLR. and docs not have the MSR."\I(see the loeahon updahng section). The HLR must therefore

query the subscriber's current VLR, which williemporarily allocate an MSRN from its pool for

the call. This MSRN is rClurned to Ihe HLR and back to the GMSC, which can then roule lhe

call to thc new I\fSC, At the ncw MSC. the IMSI corresponding 10 Ihe MSR.'\ is looked up, and

the mobile is paged in its eurrenlloCalion are" (see Figure 2.4 ),
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Figure 2.4 Can routing for a mobile terminating call[2]

2.5 CONCLUSION A.'\"DCOMMENTS

ln this chapter I have trie<l to give an overview of the GSM system. 1 believe, however, that I

gave the general flavor of GSM and the philosophy behind it, design. Il is a standard that

ensures mteroperability wltbout stilling competition and innovation among suppliers, to the

benefit of the public both in term, of co~t and ,e"iee quality. For example, by usrng Very Large

Scale Integration (VLSt) microprocessor technology, many functions of the mobile stat,on ean

be built on one cblp,et, re,ultmg in lighter, more compact and more energy-offieient terminals,

TelecommunicatlOns al'e evolving towards personal communication netwol'ks, wbose objective

can be stated as the availability of all communication service, anytime, anywhere, to anyone, by

a single identity number and a pockelable communication terminal. Having a multitude of

incompanble systems throughout the world move, ll' farther away from this ideal, The

economies of scale created by a unified sy'tem are enough to justify its implementation. not to

mention the COttvemence to people of cal'rying just one commumcatlOn terminal anywhere Ihey

go. l'egardless of national boundanes.

The GSM ,ystem, and it, sibling ,ystem~ operating at 1.8 GHz (called DCS 1800) and 1.9 GHz

(called G5M1900 or PCS1900. and operating in North America), are a tirst approach at a true

personal communication System. n'e SIM card is a novel appl'Oach that implements personal

mobility m additIOn to lennmal mobility, Together with international roaming, and support for a

variety of services sueb as telephony. data transfer, fax, Short Message Service, and
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supplementary serVices, GSM come, clo,e to fulfilling the requirements for a per>onal

communication system close enough that it is being used as a basi, for the next generation uf

mobtle conununication technology in Europe, the Universal MobIle Teleconununication System

(UMTS)

Another point where GSM has shown it, commitment tu openness, standards and

interoperability i, the compatibility with the Integrated Services Digital J\etwork (ISDl\') that is

evoIvmg m most indusTrial i7.edcountries, and Europe in particular (the so-called Euro-ISDN).

GSM i, al,o the fir,t system to make extensive use of the Intelligent Networking concept, In

wllleh servLces like 800 numbers are concentrated and handled from a few centralized ,erviee

centers, ins(cad of being dLstributed over every ,witch in the country. This IS the concept behind

the me of the various registers such as the llLR In addition, the ,ignaling bel"een these

functional enlllies use, Signaling System Number 7, an mtematlonal standard already deployed

in many countries and specitied a, the backbone signaling network for ISDN

GSM is a very complex standard, but that ISprobably the price tbat must be paid 10 achieve the

level of Lntegrated service and quality offered while subject 10 the rather severe re,lrictions

imposed by the radio environment.

_I 7-



CHAPTER 3

CD:\lP Al\Y PROFILE

3.1 INTRODUCTlO;'"

Gmmccnphonc Ltd., the largest telecommunication, service pro,idcr in Bangladesh. received ii,

operating license in N"ovembcr 1996 and started its ~ervice from March 26, 1997. the

Independence Day of Bangladesh. Now, alter 10 ycars of successful opemlion~,Gmmeenphone

i, the largcst mobile phone service provider in Bangladcsh. With more than 14 million

subscribers "s of Juty 2007, Gramccnphone provide' service~ to ruml and urban customers

acroSSBangladesh, where mobile lelephony is acknowledged a~ a significant drivc']"of socio-

economic development, both fm individuals and the lllltion.[IOJ

3.2 TEi\ YEARS 0)<"EMPOWERIr.'G PEOPLE

Once con,idercd a fancy gadget for lhe elile, the mobile phone ha, been tr;m,formed inlo an

essential 1001 for all, Mobile phones arc now empowering people from all groups in all area' of

Bangladesh,

Grameenphone Ltd. received ils operating license in November 1996and started ii, service from

March 26, 1997, lhe Independence Day of Bangladesh. The sh"reholdcrs established the

company realizing the important role leleeommutllcations can play in economic de,'clopment

COllllectivlty lran,lalcs into produetLvLty.They also made a eommitmenl lhat "Good

Development i~Good Busine,,".

Entrepreneur Iqbal QUHdirfirst had the idea of provldmg mobile telephon~ to lhe poor of

Bangladesh, His early discu"ions wilh Profcssor Yunus later re,uited in bllnching (he

intemalionally acclaimed Village Phone Program, couplmg mlcro-credil wilh mobile lelcphony

10make lelecommunicationsaccessible (0 the ruml poor,[10]
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3.2.1 Making It Affordable

Now, aft"'" 10 yeaTs of successful operations, Gmmecnphone Is (he largest telecommunications

service provider In B"ngbdesh. Gmmeenphone provide, ,crvlecs to rural and urban customers

across Bangladesh, where mobile telephony is acknowledged as a signifi~.nt driver of SOCIO-

economic de_elopmenl, both for individuals and the nation.

From the beginning, the goal w"' to offer "ffordable mobilc phone services to as many people os

possible. However, the challenges were significant. The country h.d a vcry large populatLon

",ith a very limited purchaSing power and poor infrastructure. Grameenphone saw an

opportunity to utilize wirele>s technology 10 create a viable mobile telephony op"'""tion that

could also become an engLne for economic growth.

Providing t'elccommunieations serVIces to lOW-income groups is not without it, difficultics. An

increased focus on the opemtor's tot<ll cost of ownership IS needed to ensure viability. Other

cntry-level barriers include sub,criber handling costs, availability of affordable handsets, and

regul"tory and taxation issucs. Gramcenphone. in cooperation with Telenor, addressed many of

these issues by focusing on de_eloping the nght tcchnology, services and busine" modcl~ to

make mobJle telephony affordable for low-income cuSlomers.

3.2.2 Widesl NetwlIrk Co.-erage

The Gramecnphone network now covers more than 95 percent of the country's populatLon, up

from around 50 percent twa years e"rlier. During the same period, the company also Introduced

a range of enabling services and the ent,re network is now EDGE/GPRS enabled.

Grameenphone has greatly benefited from Telenor Group's, ",Ith its 12 mobile operations

worldWide, aggregated purchasing power. This has enabled the company to rapidly c"tend its

nenvork coverage and upgrade its network, Group ca,t-saving initiatives have also allowed

Grarnecnphonc to reduce tariffs substantlally, thus making mobile communication affordable for

a wider ~ommunity in Bangladesh, especially those who have little to spend on communication.

Over the ye<m, the shareholders have re-inve,ted nOJrly all of their earnings to expand coverage

and increase cap""ity of the netwurk. The cumulative investments up to December 200~ stood at

-19-



about BOT 76 billioo, making Gmmeenpbune one of lbc largest private ,ector inveslments in lbe

eountry,{lO]

3.2.3 ConlTibution Tu Gru •.•.lh

The telecommunication industry in Bangladesh IS now estimaled to represent mOre than one

percent of lhe country's GOP.

Since commercial operations began in March 1997 and up 10 December 2006, Gramcenphone

has contributed over BOT 67 billion 10 the country's National Exchequer in direcl and indlrcd

taxes, Grameenphone's annual revenues surpassed BDT 45 bill10n '" 2006, and lhe lolal

contribution lu lhe Kalional Exchequer, "'eluding all taxes and VAT from the services, was

more than BOT 20 billion during the year,

Grameenphone directly employs more than 5,000 people and ii'S estimated that another 100,000

people are direelly dependant on the business, working fm lhe vendors, suppliers and retailers,

In addition, lhore arc now over 280,000 Village Phone operalurs earning a liv"'g lhrough the

Village Pbone Program.

A sludy published in 2005 by the London Business School eslabli,hed a dear link bdween

economic growth and mobile phone penetration in developing natLons, The smdy showed lhal

for the period from 1996 10 2003, a developing country with 10 more mobile phones per 100

people enjoyed per capila GOP growth that was 0,6 percentage points higher than in an

otherwise identical country, The benet,ls brought by the mobile phone ",c1ude a reduclion of lhe

number of middle-men, hIgher profLtabil1ty for businesses and improved contact between family

and fnends.

3,2.4 Beyond Business: ConnectIng Villuge,

Grameenphone's fLrsl community sen ice initiative was the Village Phone Program, sl<lrted on

lhe ,arne day lhe commercial ser,icc was launched in 1997. Administered by Grameen Telecom,

the Village Phones provides access 10 telecommunication services In rural areas to people who

could not otherwlSe afford to own a phone. 1l also provide, thc Village Phone operalors with an

oppormn,ly to earn a good income, Typically, a village woman, also a borrower of Grameen

Bank> fmance, a mobJle phone lru-ough micro-credil and earnS money by offering a phone

service In the" communities, Smdies have shown Ih~1OnCof Village Phone', mo,l important
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conlnbutions was making markel information acce"ibl. to evcryone. It has also ,ub,tanl;ally

empowered women from the rural households to make a living for lhemselves "nd lheir families,

3.3 THE SHAREHOLDERS

The shareholders of Grnmeenphone contribule lheir unique, m-deplh experience in both

telecommunicalions and development The inlernalional shareholder brings technological and

business managemenl expertisc whIle the local shareholder provides a pres"ncc throughout

Bangladesh and a deep underslanding of ils economy, Both are dediealed 10 Bangbdesh and il~

struggle for ceonomic progrcss and have a deep commilmenl 10Gramcenphone and its mission

to provide affordahle telephony 10the enlire population of Bangladesh II OJ

Figure 3, 1 Grameenphone shareholder;

3.3.1 TelenorMobile Communication.

Telenor AS is the leading Telecommunications Company of Norway hsled in both the Oslo and

NASDAQ Slock Exchangcs.1t owns 62% sharcs ofGrameenphone Lid.

Tdenor, a 150 year-old orgmization, has played a pioneering role in thc dc.e1opmenl of cellular

communications, Manual moblle tclephony services were introduced to Norway to 1966, as a
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forerunner to the automatic NMT system, whieh appeared in 1981, Us digital successor, GSM,

W"S introduced in 1993. and third generation mobile network, UMTS, was launched for

commercial use in 2004,

Telenor's strong international expansion in recent years has been based on leading-edge

expertise, aeqULred III the Norwegian and Nordic lIllirkets, which are among the most highly

developed technology markets Lnthe world It has substantial international operations III mobLle

telephony, satellite operation, and pay Television services, In addition to Norway and

Bangladesh, Tclenor owns mobile telephony companies in Sweden, Denmark, l1ungary, Russia,

Ukraine, '\1ontenegro, Thailand, MalaysIa, Pakistan and Serbia with more than 123 milILon

mObLlesub<criptions world",ide a, of June 2007,

3.3.2 Gramcen Telecom

Grameen Telecom, whIch owns 38% of the shares of Grameenphone, is a not-for-profit

company and works in elose collaburation with Grameen Bank, winner of the Noble PefICePrize

in 2006 along with its founder Professor Muhammad Yunus, The IIlternational1y reputed bank

for the poor has the most extensive lUral banking network and expertise in m,crofinance. It

understands the economic needs of the rural population, in particular lhe WOmen from the

poorest hou<eholds,

Gnuneen Telecom, wIth the help of Grameen Bank, administers the Village Phone Program,

through which Grameenphone provlde< its services to lhe fast growIng rural customers.

Grameen Telecom trains the operators, ,upplies them With handsets and b.ntllcs all scrvice_

related issues,

Gramc~'TlBank currently has 2399 branches. providing ~ervicc~ in 76,848 villages, covering

mOre than 91 pcrcent of the total Villages in Bangladesh, As of March 2007, the bank had 7,06

million borrowers, 97 pereent of whom were women.

Grameen Telecom's objectives arc to provide easy acce,s to GSM cellular service~ in rural

Bangladesh and creating ncw opportunit'cs for Lncome generation through self-employment by

providing villagers with access to modem infonnation and communication ba<ed technologies,
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3.4 COl'oTRIBU110~TO l"A1l01'1AL.:XCllf:QUER

G~C1lpho~ Ltd. hM contributed morr tlum BOT 67 billion 10 the Nat;o",,] Excllequer in

laxcs. duties and paymtnlS to ,mioos Go.'emment bodit'!l since its inception in Marth 1997 up

10 Ikctmbcr 2006.

Accumul.ted contribution to the }<.tiolllll F..!\chnluer fmm ineq!!,on lip 10 December 2006 was

BOT 67.18 billion. of which BOT 20.5 billion WIll mllde in 2006 nl~. Ommeenphone is now

!he [DIgest ,olllO' ate wpaycr in the country.

GJ1Ilnl'cnphOM 11MnlID generated diTttI and indir«t employment for a large number of proplc

o\'er 1heyear.;. The company pre$t'lltly has .bout 5,000 emploY"' while anolher 100,000 propk

an: dirttlly dependent on Gmmeenphorn: r<'lrtheir li~lihood. working ror the Gnllllunphonc

deale", mailen, sC11llCheanin:lail outlel'<, supplic", vendar.l, conlraCUIn and others.

With the JIlI~nn of taxes and lhe investments in the """ •.•.uk. Gnuncmphone is making n

significant contribution 10the t{!unlry'. development.nd 1:fO",h.

The following eluln iIIu~l1lItcshow the National T,ell'lury wa$ augmenled o"cr the Ycarl\

•

J
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Fig= 3.2 Contribution 10 Government a~ of Dccembl'r 31, 2006 (BDT in Millionl[IO)
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CHAPTER 4

A..."'IALYSIS 0.1<"PERFORMANCE FOR NEW BTS

4.1 INTRODUCTION

Ensuring a quality net"mk along with provLdmg coverage around lhe country has always been a

pnonly foeu' area ofGrameenphone. Extensivc network expansion meaSure~ wcre Implemented

10kecp up with lhe rapid growlh of sub,cribers dunng iasl year. Ail the new sile~ ha~ 10pass

lhrough ,tability period to check the condilion of the sileo

4.2 STABILITY TEST PROCEDURE FOR NEWBTS

4.2.1 Introduction

Stability Te,l i, performed to monitor the qua lily and performance of mainly New BTS after

3days later (72 hours) of giving lhc BTS on_air. In thaI test lhree major tasks (MPO, PCM

qualily and Celi quality) are performed one aner another.

The Site Performance monitoring can be classified inlo 3 (Ihree) categories.

• 900 Mllz Base Station

• Co-located Sile (1800 MHz B"e Station)

• S"apped Base Slation (RBS210212202 is being swapped by RBS2206)
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Table 4. \ Threshold ofPCM Parameters (24 Hrs Da(a BTS-HSC)

Threshold of PCM Parametcrs Monitoring the whole path BTS (0 BSC [Access .hort haul,

recmmnendation 1
i\ am" or Paranwt",

I
Limit', 2-1HRS

Unava,lable Event (VAV) <~ 2 Event,

Unavailable TIme (U.••.SB) < lOs/Event [FormulJ VASI:lIUAV]

Error Second (ES, ESR) <-160s ESR 0,04

Severe Error Second (SES, SESR) <8; SI'SR=D 002

RecommendatIOn lTUR-F 1493, (H27 and G.826

Table 4,2 MonLtor the performance and quality ofGSM 900 Band BTS

Thi, table will be ,,,ed to monitor the performance and quality ofGSM 900 Band BTS only

N",nc "I l'armnc1l'r
I

Ullllt \ "luc

Call Setup Success Rate ~ 95%

TCH Attempt Conge,l,on < 10%

SDCCR Attempt Conge,('on <2%

TCH Drop < \%

MeD >30

Speech Quality Index (SQI) ::::50%

Interference (lCM Band) "
Internal Incoming Handover ::::90%

Internal Outgoing Handovcr ::::90%

External Incoming Handovcr >90%

External Outgoing Handover ::::90%

Iable 4.3 KPl to monitor the performance and quality ofGSM 1800 Band

To analyze the performance of nCw collocated 1800BTS Ihe Radio KP\ oftbe 900 !:lIS bcforc

collocation and Radio Kl'1 of UL & OL Ccll altcr collocalLon need to be compared. Ihi,
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Reference Table will be used to monito, the perfonnancc and quality of GSM 1800 Band (Co-

located) BTS only.

",une of P"ramot", I LlIllIl \",1,,"
~.

Traffic T,affic Consistency check before and alter Co_location,

Change in Traffic in the Cell before "nd after, Traffic in

the 900 Cell before co-location and tOlal Traffic III the

cell (sum 01'900 & 19OO)after co-location. Threshold for

the changc in Traffic IS +1-50%. Trafilc Partern both in

UL and OL need to bc checkcd.

Call Selup Succes~ Ratc 2':95%

Under laid (UL) TCH AUempl :;5%

Congestion

Under laid (UL) SDCCH <2%

Attempt COngestlOn

Call Drop Call drop p"rtem befo,e and after Co-loeallOn, Change in

Drop m UL Cell before and after, Drop in the 01..

Total TCH Drop 1Hour:; 15

Change in Drop in UL:; 30%

M'D Threshold for <h, change ill MPD ill Ul "" be

decreased by 20% (Maximum).

Speech Quality Index (SQl) > 50%

Inlerference (ICM Band) q

Assignment to ULiOL >80%

Assignment to OLiUL 2':80%

TFMode Masler for UL Cell (900) and Sla.e for 01. Cell (1800)

ECSC ECSC p=meter is 'ycs',

Table 4.4 KPl to monitor the perfonnance and qn"lity of newly swapped (RBS)

RBS 2202 and RRS 2102 are being Swapped RBS2206. To "nalyze the perfonnanco Radio KPI

of new RBS2206 aftcr swapping need to he compared with that of the RBS2202/2102 lx:fore
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swappmg Thi. Reference will be used to monitor the performance and qnality of newly

swapped (RES) site only.

"ame "t Par,lI11eter , limit \ alue

Traffic Traffic Consistency check before md after Swap,

1lIrcshold for the change in Traffic i, -30%,

Call Setup Succes< Rate ~ 95%

TCH Congestion :,,:5%

SDCCH Congestion :":2%

Call Drop Drop pattern before and afier Swapping, Threshold for the

TCH Drop is Change in TCH Drop:": 30%,

MPn Threshold for the change In MPD can be decreased by 20%

(Maximum).

Speech Quality Index (SQI) ~50%

Interference (tCM Band) "
Internal Incoming lIandover ~90%

Internal Outgoing "andover >90%

External Incoming Handover >90%

External Outgoing Handovcr >90%

4.2.2 Proce", Ftow

Stability Test process of:-<ew HTS is performed in three step' where performance and quallty of

three dLfferent tactors are monitoroo and necessary srep' are taken according to the reqUlrement

to Improve the quality, The derail, of these steps are given bolo,",

4,2,2.1 MPD Check

NIC engineer will check MPD of all the Kcw BTSs that have been given on-air yesterday, at

1100 1IJIlon every working day. If the MPD of the cell is good by comparing with the Reference

Table 4,2 where threshold value for MPD (MPD~30) is defined, they WIll not take any action. If
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the MPD is poor a~conJing to the Reference Table 42, NIC engineer will generate a Work

reque,t to solve tbe problem,

Figure 4,1 Flow chari 10solve MPD

4.2.2.2 PCM Quality Monitor

NIC engineer will check tbe PCM quality ofNe" BIS allct One day later (24 hour,) from the

on-ait date. If thc PCM quality is acceptable with comparing the Reterence Table 4.1, NIC

engineer will provide that information in ROC as the PCM quality of tbat BIS is "OK", If the

PCM qualLty lShad, NIC engineer "ill initial<::a work rcquest (\VIR).

Figure 4,2 Flow chart to solve PCM QualLty



4.2.2.3 Ccll Pcrf"nnunce

NIC englllcer "ill monitor the cell performance orthc 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 quality. The followlIlg parameters will be checked by the

NIC engmeers to ensure the quality of that cell

Average Traffic and Conge,tion

;\flC engineers will check average traffic and congestion of the cell.lf it is found that the quolity

of the cell i, poor due to SDCCR congestion Ot TCl'! conge,tion or both of thcm then N1C

engineer will initiate a work reque,t (W/R) in ROC and ,end it to thc concerned plonner of

Radio Planning (RJ') and hislhcr group. The concerned planner (RP) will provide the necessary

steps to remove the SDCCHiTCH conge'lion and this feedback will be executed by N1C,

!'lgure 4.3 Flow chart to 50h'e SDCCHITCH congestion

A.'erage MPD

X1C engineer Mil check the average MPD of the cell. If the MPD is poor, they will investigate

and mooitor eight different faotors that might be the reoson for poor MPD. The factors are

a. TeH drop. h. Signal strength Drop c. QualJty Drop. d. Uplink Drop. e.

Downlink drop I: Tllning Advanoe drop, g, Sudden Drop. h, Other Drop,

They wLIl escalate this information and initiate 0 work reqnest (W/R) to the concerned planner

(RP) and bi, gronp or NM_Rodio depending upon the factor.



••••••••••••
Figure 4 4 flow chart to ,olve .\'g: MPD

NICwll1
uecut. 'h.]ob
and update In

'"

NIC engineer "ill check the average Call setup of the ceiL If the average Call sch,p rale ISpoor,

they will ;nve,ligate and monitor the TCH attempt congestion oflhe cell. IfTCH attempl

congestion rate oflhe cell is high, NIC engineer will escal.te thi, information and imtiate a work

request (WIR) tu the concerned planner (RP) and his/her group. After receiving the WfR the

concerned planner (Rr) will act "ccordingly and he/she WIllprovtde the feedback to NIC. The

SLA for thatjoh will be one day (24 hours) after receiving lhemail from Nrc.

Figure 4,5 Flow chart to ,olve Call ,et up problem
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Average Speech Quality Index (SQI)

NIC engineer will check the average Speech Quality Index (SQI) of lhe cell. If the acceptable

SQI mte i, poor, NIC engineer will esealale this information and initi"le a work request (\V/R)

to the concerned planner (Rl') "nd hisiher group. Aftcr receiving the W/R the concerned pl"nner

(RP) will act accordingly and he/she wiii provide lhe reed back to hlC.

Figure 4.6 Flow chart to solve SQI

A,erage Incoming! Outgoing Handover

1\lC engineer wiii check Ihe "veragc Incoming/ Outgoing bolh exlernal/internal Handover of lhe

cell. Ifthe handover ,ucce" rate i, poor, NIC engineer will escalate thiS Information and iniliate

a work request (\V/R) 10the concerned planner (RP) and his group.

Figme 4.7 Flow chart 10 solve Handowr
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4.3 STATISTICAL PROCESS COXTROL

Stati,tical proces~ control, or SPC, is a fundamental approach to quality control and

improvement that i, based on objective data and analysis. The origin of PC dates back to the

1920s and 1930s at the Western Electric Company and Bell Telephone Laboratories, Walter

Shewhart (1891-1967) recognized that variation in a production process can be understnod and

controlled through the use of,tati,tica! methods, He pioneered the use of statistical method, as a

tool 10manage and control production. Over the next ,everal decade" the,e tools ",ere taught to

engineer, and production personnel throughout American industry, The need for higher-quality

production to support the defense industry during World War 11gave a boost to !.heusc ofSPC.

One of Shewhart', disciples, W. Edward, Deming (1900-1993), was a strong advocate of SPC

and tramed many engineers in the concept during the war yea ••. However, he wa, never able to

comince upper managemcnt in the U.S, of SPC's benefits and importance When Deming wa,

invited to train Japanese engineer; in statistical methods al1.cr the war, he realized that quality

improvement efforts could never be ,u'~lined wi!.hout top management support. It was not

difficult for him to gain the anention of every level of worker-from maintenance to CEO, since

Japan was rebuilding from complete devastation. The Japanese were eager to learn and apply

new tool, that would help them rebuild their economy. And the rest. as they say. IS history_

Statistical methods, combined with strong programs in human re;ource, and a focus on

continuou, improvement to bettCTrespond to customer needs, enahled Japanese companies to

emerge as powerful global competitor, within only a few decadc~,

Whc'TIDeming', contributions to Japan bccame re<:ogttized in America around 1980, the modern

quality movemcnt bcgan_ Many major corporation, began to experiment with quality

improvement techniques. such as statistical process controL Ford Motor Company and other

U.S, automobile manufacturers began to require their suppliers to show statistical e~idence of

the quality of their products as part of thclr Q 101 Quality System Standard_ Ford insisted that

statistical process control be used as an Integral part of suppliers' processe' to a"ure quality and

provide accuratc mfonnation for contmuous quality and productiVity Improvement (Chaudhry

and Higbie, 1990), As these requirement, spread throughout the logi,tic, chain, the use of SPC

became widespread throughout American industry,

SPC con,i,t, of three word, ,tati,tical, proce", and control. Undcr,tanding each of these is

crucial to using SPC effecti,ely. Let's ,tart with proce".[8]
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4.3.1 A Focus On Processes

A major diff.rence belween lhc old-slyle approach to management and TQM is a focus on

processes. In lhe pasl, quality conlrol was producl driven. Inspectors would measure critical

dimensions carefully, and either scrap or rework the parts lhal did not conform Although this

praclic. r.sulted in good qualily of the tlnal producl, it was wasteful md did nol lead to

,mprovements in quality, cost, or produclivily,

The quality of produclion ootput is delermined by thc proccss that produces lhe output A

proce~s i, a way of domg lhings, A process lakes inputs (materiah) from a supplier. transform,

them, and deli,'ers oulpulS (producls) 10 a cuslomer. The lransformation is accomplished by the

particular combinalion of equipment, labor, work melhods, and malerials used to create lhc

producl or servLCe.By focusing on how work gel, donc and whal process faclors affe<otproduct

oulpul, qualily can be Improved and the number ofmislake, Can bc reduccd, SPC 'S a method of

galhering and 1ITlalyzingdala about processes to beller understand lhern and, ul\Lmalely, In

improve lhem.

lmpro,cmcnl of processes leads tn beller quality producl' and services and to less wasle and

rework. Bellcr qualily leads to higber cu,tomer satisfaction, higher salcs and higher revenue,;

less waste and rework reducc, costs, TIle net resull is higher corporate profit.ability and

improved competiliveness, [8]

Variation and Statistics

Vic sec variation all around us-in the weather, in sport~, and in our own performance and

bcha,ioT. Whcn a baseball player ha, a .300 batting average, it doe~ not mcan that he will

always gel 3 hilS oul of e'ery 10 al hats lIe may get 5 hits in a row, (}f he could go 10 al bats

withoul a hI!, We cannot predJct what he will do at anyone time that he ,teps up to thc plate, but

'WC can prCdlCI, with reasonable accuracy, what he wilTdo over a long period of timc pro'ldcd

cverythlng remains the same-nn injUTLesor scandals!

11is everynne's responsihility-wnrkers and managers alike-to understand work proccsscs and to

improve lhern, Quanlitative methods and stahslicai tools proVide workers and managers with the

tools needed to quantify variation, identify cau,es, and find solulions to reduce or remove

unwanted variation, and monitor progress objectively, Stali,ti~al process conlrol can help
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to achieve lhese goals when it is part of a tolal problem-,olving effon, Simply going through lhe

motions and providing dala because the boss or cuslomer wanls it will not help 10 Improve

operalions or beller satisfy customers, Teamwork and participation play an imporlant

organizational role.

Control

A process is in conlrol ifit is alTccted only hy common cause, of varia lion. A process that is In

control is slable, and it, performance can be prediclcd, at Icasl wilhin IImil, of variation, On the

other hmd, if speCial causes occur frequenlly and 'Without our knowledge, we do nol know how

lhe process will perform. We need 10 be able 10 conlrol a proees~ to maintam Its slability_

Conlrol 1S lhe process of evaillaling performance, comparing that performance 10 a goal or

standard, and then laking eorrcellvc action when necessary.

Control is not a Subsiliule for eontinuou, improvement; il i, a mems of mainlaining

improvement" The data collecled through systematic measurement can be used productively to

Idcntify further areas for improvement. Mea,urn, give mmagers lhc intormation needed to reach

their g();ll, and lead 10act,ons for improvement

Somc quality problems are management-controllable while others are operator-controllable.

Joseph Juran, 'Whoal~o made subslantial contribution, to the Japane,e quality education effort

atler World War ll, defines operalor controllability in the following way To be lJperntor-

controllable, three condit,ons must be met

(1) the operators musl have the means of knowing what is expected of them through clear

instructIOns and specLfLcatl(lnS_

(2) They must have the mean, of determining their actual performmce, tYPically through

in,pcetion and mcasurement, and

(3) They must have a mcan, of making corrections if they discover a variance between what is

expected of them and their actual p~'fformanee,

If my one of lhcse criteria is not met, then the qual'ty problem must be management-

controllable, not opcrntor-controllable, W. Edwards Deming also made this important

di,tinclion.
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4.3.2 A ••istance OfSPC

• Provide' surveillance and feedback for kceping processes in control

• Signal~ when ~ problem with the process has occurred

• Detects assignable causes of variation

• Accomplishes process characterization

• Reduces need for inspection

• Monitors proccss quality

• Provides mechanism to make process changes and track effects of those changes

• Once a process is stahle (assignable causes of ,ariation h~ve been eliminated), provide,

proccss capability analy~is with comparison to the producllolerance[2]

4.3.3 Basic Statistical Pro"e" Control (SPC) Methods

Slalistlcal process control or SPC is a family oflool, used 10monitor, control and impro,e

process and systems. The 10015"makc lhe process and systems visible". A~ per Dr, Kaoru

lshlk~wa "As much as 95% of quality related problems can be solved with seven fundamental

quanlitative lools",

De'pite a lofty title, under'landing and using SPC does not require advanced knowledge of

statistiCS. Rather, the seven ba,ic tools of qualtty and formalized body of techniqucs involve

tabulahng, deplctmg and describing data ,ets.

Once the system is visible, the describing and identLfymg appropnate actions to improvc thc

process and systems are genemll~ self cvidcnt.[7]

The basic tools of quality include

• Pareto Principle

• Scatter Plots,

• Control Chan,

• flow ChartS! Proce~s Map,

• Cause effect, Fishbone, Ishikawa diagmm.

• H"togram or Bar Gmph

• Checkhsts & Check sheet';,
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4.3.3.1 Pareto Principle

The Pareto principle suggests thai mo,t effects come from relatively few cause,. In quantitative

terms 80% of the problems come Irom 20% oflhe cause, (machines, raw mater;"1" operator,

etc.); 80% oflhe wealth is owned by 20% of the people etc. Therefor" error! aimed at the right

20% ClIII ,olve 80% oflhe problems. Double (back (0 back) Pareto chart, con b. used (0

compare 'before and aner' sltuations.

General use: to declde where to "pply initial effort for maximum effect.

Figure 4.8 Graphlcal display of Pareto principle[7]

4.3.3.2 Control Charts

,

Control charts are a method of Statistical Process Control, SPC, (Control system for production

processes). They enable Ihe control of distribution of vartatioll mther than attempting (0 control

each individual variation, Uppor and lower control and tolerance limits are calculal.d for a

process and sampled measure, are regularly ploUed about a eentralline between the two ,.1, of

limLts. The ploUed line correspond, to the ,Iltbilityltrcod of the process.

General Use: Action can be taken based on trend rather than on individual vanalion, This

pre.ents over-eorreettonleompensation for random variation, which would lead to many

rejeels.[7]

-36-



I

1'.:","/. /.//.L,.r /./ /./?v/ /.///""-....:;; - - -
figure 4.9 Gmphical display ofConlrol Chart.

This is the: tool for analy;';ng and illu$tnIting a prOCCS!by showing the m:Jin causes and rub

causes leading 10 lin .£Tecl (symptom). 1\ is someli~ referred 10 as the "lshi\QIWll dillgram."

bttau!>e Kaoru IshiuWll developed it. and the: "FishbolK diagram. ~ because lh. complete

diagram =blC'S a fhh ~k.let""' The fis.hbone is .My 10 construct and inviln inlcrnc;ti"e

panicipation.(7]

u•.•12.-/ (~-:;n
/ ~--

FigUM:4.10 Graphical display of Cau'<e.ffect diagram



4.3.3.4

A Histognlm is a graphic summary nfvnriauon in a set ofdalll. [I elIable5 U! to s« pallem'lhat

an: diffieult 10 sec in a simple !able nfnum~. [\ c;nnbe llru!.lyzedIn draw conclusions aboullhe

dal.! ,et.

"histogram is a 8"'l'h in whit:h the continuous variable is c1umml into categorie5 and the

value ofnch chr.l\er is plonC'd10 give a ~e5 nfb,," as bellow.(IJ

Figun: 4.lt Gnlphical display ofHist<>gnlm

U AN,\l.YSISOFPF.RFORMANCF.BYCONTROLC""RT

4.4.1 ChDrll<terbUo OfConlrol Chart,

If a single qUJIlitychltracteri!lie has been meDsumi or eomputed from a sample, the control chart

shows the value of the quality ch.anlctmstie versus the samplc number or versus lime. In

gencn!, thc chart cnntains a center line thot rcpn:5l:f\ts the me"" value for tt.: in..:ontrol proccss.

Two other hori1.Onlal1il"lC'S.called thc upper rontrollimit (VeL) and the lo"'cr cnnb'Ollimit
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(LCL). are also shown on the chart, 1l1ese control limits are chosen so that almost all of the dala

poims will fall within these limits as long:a, the proeess remains in-controL[ I]

4.4.2 Types Of Control Charts

A Conrrol Chart is mOSIcffeclive when used for repetilive processes that ar. important to an

organization "nd for which data can bc obtaincd, There are two categories of Conrrol Charts[ I]

Variables Control Charls - used when measurements are quantitative, for example, height,

weight, or thiekness. Types of variable, control cham are

• X bar R chart (also called averuges and runge chart).

• X bar S chart

• Chart of individuals (also called X chart, X-R chart, IX-MR chart, Xm R chart, moving

range chart).

• Moving avcrage--mOVlng range chart (al,o called MA-MR chart)

• Target cham (also c"lled differencc charts, dcv'al,on charts and nominal charts)

• CUSUM (al,o called cumulative sum eh"r!)

• E\1,'1:1A(al,o called exponcnhally weIghted moving average chart)

• muhivariate chart also called HoteUing T2

Atlribules Control Charts _ uscd when measurements are qualitative, for example,

accept/reject. Types of Attribute, Control Charts are

• p chart (al,o eallcu propoTtion chart)

• np chart

• c eh".-t (al,o called count ehar!)

• u chart

4.4.3 Elements Of A Control Charts

A control chart consists of

I. a central line,

2 an upper control limit,

3. a lower control limit, and

4. Process values ploued on the chart.
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[f all proce" values are plotted within the upper md lower eontrol limit, and n(} parlicular

tendency i. noted, the process i, referred to as "In Control." If Ihc process value, are pl(}tted

oulsidc the conlrol limit, or show a particular tendency, howe,er, lhe process i, referred 10 a,

"Ollt Of Control" (sec red-Clrcled data point, in Figllre 2 helow),

------------------------------------------Cower-ControilImif
@,S"S,gmo,2002

Figure 4.12 "In Control" Process Control Chart

-----------Lo~erl:ontroi-Lirnrf
5,S,xS,yma,2002

Figure 4 13 "Out Conlrol" Process Control CharI

In a control chart, control limit, are calculated by the following fonnula

(A,emge Process Value) ~(3 x (Standard Deviation))

"','here, the ,landard deviation i, due to unassigned process var'ation only.[ 1]

4.4.4 Constructinga ClmtrolChart

llere i. the geneml process for making or oonstruoting a control chart for your process

Select the process like to chart

Determine process sampling plan

J. Cnllect data from process

4. Calculate the control chari 'pecific statistic,
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5. Calculate conlrollimits

o. CO"-'tmct of control chart

4.4.5 When To UseA Control Chart

--

• \\'hen controlling ongoing pro<:e"es by finding and correcting problems as they occu'-

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

• When determining" hether a process is stable (in ,tatisl;c"! control).

• When analyzing patterns of process ,anation from spec'al causes (non-routine events) or

common caUSeS(buIlt into the process).

• When determining whether your quality ,mprovement project should aim to prevent

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

4.4.6 Analysi~UsingP Chart

In indu,Trial slalistlCS, the p_chart is a type of control chart that is ,ery similar to the X-bar

chart except that the ,talistic being plotted is the sample proportion rather than the sample mean.

Smee the proportion deals with the percentage of successes, clearly the appropriate d"la for p-

ch"rl, needs to be attrLbUledata where the outcomes for each Trial can be classified a, either a

success or a failure (conform or non-conform, ye, Or no, etc,), The subgroup size ,ho"ld Ideally

be equal, although unequal sample SilCScan be accommodated.

It's Characleristics

•• The "p" comc< from use of the proportion ofnonconformmg items

•• Nced a g(l{)ddefinition of nonconforming ilems - u,nally " categorical defirntion

•• Can he of equal or unequal ,ubgroups

•• Normally need large subgroup, - can cven bc up to total for the period

The eontrollimits ror Ih,s chart type can be determinod by the formula[ I]
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;';""drd computations are

• Divide the number of;';on oonfonniti~ to balch size, lhu5 rnuh the proportion ofnon

conformilies in exit balch.

• Sum separOtely the numb<::rof all batcbe5 and number of defectives.

• Divide the lum of non ronfonnities 10the SlIm ofbo.lches nod the result i, mean of the

proponion ofdefectj,'~.

• Compute the lower and upper conlrollimits (LCL and VCL) using the formulas LCL" P

-3 sqrtlp(l-pYni), where oi is lhe blI1ehS;7.eand p is the mean computed previously. UCl

•• P "3 $qn{p( l-pYni):

• If lCl is lower tlwt 0 SCIillO O. lfUCl is greater thnn I, sel illO 1:

• Plolthe computed <b1O On the cltilJl and obsef"'e if there is any obKrvalion thai fall

outside lhe eonlrol1imits.

Table 4.5 Stability Test Period Data for GP NctulorkjlOJ

W.."k - "rotll 1I0tlt PCM roo, ~ , PC""- Cell BOlh P_CMl'<-'"~'o ; Silt" &OCdl l'erfonnlng. pei'formoiicc' performllllce. C~U ,
~ I'crf°onanee ~ltc~ ~ nP""r I, l'oor'~ ~ performance ,

I ~ ,
~OK - - Ire- <>or- -

WI B8 " J2 • 22 6

W2 60 " l6 II II 2

W3 '" SO 63 l5 30 S
W. 110 B8 " , " 2

W' lOS "' l5 " II •
W6 "

, 6 2 3 I

W> "' " 31 " 13 3

'"' '" '" " " l6 ,
W' 60 J2 " " IS 0

W" '" " " " 22 2

WII " 19 II 6 , 0

W" " " " IS 20 3
WI3 III " J2 " II ,
\\'14 '" " 19 13 II ,
1,1,'15 " , , I 3 1
1,1,'16 13 " 3 2 1 0

'om 1319 867 '" IS' 2" ••



Calculatton for Poor Ptrforml0l: !Un

Tabl~ 4.6 Data ror Poor Pmonning Silt Using P Chan

.\\'~d,ND Total Silf:S Poor ~~onnin8 Sampl~.fr&<:!ionPoor. . . , sil,=" ~o~i<n8- -- . •- w' 88 )2 03636
W' 60 26 0.4333
W) '" 03 0.4406
\\'4 110 21 0.1909
W) lOS 21 0.2315
W6 IS 6 0.4000
W) " 11 0.3647
W' IS' •• 0.3117
W9 60 28 0.4667
WIO '" " 0.J~7
Wl1 " 12 0.2927
\\'12 99 " 0.4141
WIl "' II 0.H33
\\'14 '0' 29 0.2788
WIS " S 0.3S71
W16 Il , 0.2308

iJl9 '"
II~",P b4r- 4SlIi 319- 0.3427

n blIr(For ,-ariabl~$ampl~>-1319/16- 82.437S

UCl.-D.3427+3,'o.3427 (1.{).3417VS1.437S .0.4995

CL-D.3427
l.CL-o.3427-3~.3427 (1.{).3417}'82.437S .0.1859

Figure4.14 ChlIn ror Poor Pmonning !il~5

4).



Comments
•. All results fall Withincontrol limit,.

h, The pattern of plot, of points is more or less random (with random ups and downs

around the mean ,03427).That mean, there is no shill In the process mean or no

indication of process incapability.

c, The overall chart indicate, thc existence of a control in the process,

Calculation for Poor PCM Performance

Table 4,7 Data for Po", peM Performing SiteUsing I' Chart

~-W~No ¥:fornl:Sil;s; 'l'CMJleiform"'"i@'Zc\;1S~lt:fi.ia;;;'n~'OOr"=--~-'1"~~-~~1f,'z ..~~___. . .=1'oot. _
Wl 88 4 tl0455
W2 60 12 0.2000
W3 143 25 0.1748
W4 110 9 0.0818
W5 108 10 0.0926
W6 15 2 0.1333
W7 85 15 0.1765
W8 154 16 0,1039
\'19 60 10 0,1667
WIO 114 21 0,1842
WII 41 6 0,1463
W12 99 18 0,1818
W13 III 21 0,1892
W14 104 23 0,2212
W15 14 1 0,0714
W16 13 2 0,1538

1319 195



"ere P bar= 195/1319~ 0, 1478

n bar (For ,anable sample)~ 1319/16= 82.4375

UCL-0.1478+3,'O.1478 (I_O.147R)/82.4375 - 0,2651

CL=D.1478

LCL-O, 14n-3~'0.1478 (1-0, 1478)/82.4375 ~ 0,0306

Figure 4.15 Chart for Poor PCM Performing sl(es

Comments

a, All resolts fall within conlrollimits.

b, With an exception ofa single plot (\VK01), all others remain nearer 10mean.

c, Thc pallCm ofplols of poinIs is more or less random (with random up, and downs

around the mean 0,J478). Thai means lhere is no shlft in lhe process meJn or no

indication of process lncapabillly.

d, The overall chart i"dicates the eXISlenceofa good conlrol in the process.



Calculation for Poor C~1lP~rformance

Trial 01

Table 4,8 Dala for Poor Cell Perfonning Site Using: P Chart

Week No Total Site" Cell pcrfonnance IS

Poor

sample fraction Poor

perfonning

WI 88 22
W2 60 12
W3 143 30
W4 110 10
W5 108 J1
'1,.,6 15 3
W7 85 13
W8 154 26

-'W9 !!I1:S"60,oao-' ~-~ J8
WIO 114 22
WII 41 6
W12 99 20
WI3 III II

W14 Hl4 II
WI5 14 3
WI6 13 I

1319 219

Here P bfIF 21911319~ 0.1660

n bar (For variable sample)~ 13I9116= g2,4375

UCL=O,1660+3'1'0,1660 (1_0,1660)182,4375 = 0.2g90

CL=0,1660

LCL=0.1660-3,1o.1660 (1-0. 1660)182.4375 = 0,0431
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Figure 4.16 Chart for Poor Cell perfonning sites Trial 0 I

Comment,

a. The pattern of plots of point, i, mOrCor less random against the centrallinc,

b, But, It i, ob,erved that at Week no 9, the proportion [)fPoor ccll Performing (0.3000) go

beyond the upper control limit (0.2890). Which i, certainly unwantcd. This may indicate

a lack of control, and is a strong ,uggestion that a 100% lIl'pection of",eek nO, 9 should

be undertaken.

Thus for getting smoother eontrollimlt, the data from week no 09 is dropped and new Trial

limits can be computed.



Trial 02
After dropping Week No 09 from the data sheet, the revi,ed center line, Uppcr & I.ower

control limits will be following

Itere P bar- 20 1I1259~ 0.160

n bar (For variable ,ample)~ 1259/l5~ 83 ,933

UCL~0.160+3,"0.160 (i :n, i6O)liG.933 ~ 0,280

LCL9l,160.3,1o.160(1-0 160}83.933 ~0,040

Figure 4.16, 1Chart for Poor Cell performing ,ite, Trial 02

Comments

a. Afler this trail, it i, ,een that all the plots fall within the control level.

b. The pattern of plot , of points is more or less random (with random ups and downs

arOlmd the mean, 160), That means there is no shifl in the process mean or no mdication

of process incapability,

c. New plot, are more random against the new center line than the earlier one, whieh

indicate, more ,tability in the system and acceptability as well As ,uch the new Trial

limits can be accepted as the final control limits.



CMlculation for botb Poor PCM & Cell Performance

Table 4.9 Data for Poor peM & Cell Perfonning Site U,ing P Cbart

"reek No Total Sites Both PCM & Cell sample fraction Poor

perfonnancc arc perfoITUing

0000
W, "" 6 0,0682

'" 60 , 0,0333

W5 '" 6 0,0559

W4 '10 2 0,0182

W5 'OS 4 0.037!l

W6 " , 0.0667
W, 85 3 0.0353
Wi '54 6 0.0390
W6 60 0 0.0000
'1'1'10 '14 2 0.0175
Wll " 0 0,0000

wn " 5 0,0303

W13 ''I 5 0,0450

W>4 "4 5 0,0481

WI5 >4 , 0,0714
W>6 " 0 0.0000

1319 48

Here P bar= 48/13 I9~ 0,0364

n bar (For variable samp1c)~ 1319i16~ 82.4375

UCL=0.0364+ 3,'0.0364 (1-0.0364)/82.43 75 ~ 0.0983

CL=0.0364

LCL=O.0364- 3-./0.0364 (1.0,0364)/82.4375 ~ _0.0255 » 0.0000
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Figure 4, 17 Chart for both Poor PCM & Cell perfonning s,tes

Comments

a. All plots fall wnh," control limits.

b. The fluctuations arc really random against the center line with no Significant trend

(exception 5 sample shows inereasmg trend but 2 of them are bellow (he mean and 3

plots above (he mean).

c, It cOOlbe concluded that the proce>s is in statistical control, although scope, for

continuous improvem~'1l1~arc always there. Continuous impro'ement may bring in less

degree of variations in the plut" which is always desirable.

4.4.7 AnalJsis Using U Chart

Another approach is to bast the control chart on (he average number of nonconformitie, per

inspection unit. Then
,.-., " ~
. Ie,.
~'o~'*j
~~,~n,~

Where ci i, the number of nonconfonnilies in the ith sample and ni is the sample ,ize of the

sample. (This approach i, particularly llSeful when the ent,re production is inspected and the
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production quantity varie, with each 101.).Notc that u bar i, the Poisson random "an abies ThllS,

lhe paramelers oflhe control chart are given by

.-".,,
I" 'ula. = ii +

l CL,,"".

_ o,i.;CL, •. "
E--""-- -
~- "-" ~

J
"Y' "

;Ej'
.'h..

~
On lbe conlrol chart, each data point ISbased on" differenl '<Irll]l!csize. The conlrollimit will

,ary from sample 10sample, There arc lbree procedure, to handle the variable sample ,ize

'OluIlOn.

", Use variable control limit,.

b, Use ~;;•. t,'I"',>-. •
c. Use n bar to compute the control limits, but use n i to examine values for points near

lhe,e limilS.[l)

Calculation for Poor Performing ,Ites

Table 4, 10 Data for Poor Performing Sile Using U Chart

WeekKo TOlalsilCni Poor Performing ,ile~ ci cllnl

W1 88 32 0,36

W2 W 26 0.43
W3 1<3 63 OM
W4 no 21 0.19
W8 108 " OB
W6 18 6 0.40
W7 85 " 0.36

I W8 '" 48 0.31

W' 60 28 0.47
WlO '" " 0.39
Wli " " 0.29
WU 99 " 0.41
WB n, " 0.33
Wl4 <04 29 0.28
Wl5 14 5 0.36
W16 " 3 0.23

1319 452
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He~ U 1>:1•• 45211319- 0.l4

For \I eontrol ch~rt for avernge eontrollimi\

n I>:Ir. Il19/16- 82.44

UCL-O.l4+3,1 (0.34182.44) - 0.53

Cl-o.34

lCL-o.l4-3" (0.34/82.44) - 0.15

Figure 4.18 Chart for Poor pafo~ing sites

Commcnn

o 11can be seen (rom !he above fillll~ thaI all1hc point. Mc wililin control limits, whieb

mc~ns lile p= is in statistical control.

o Besides this. the plou life ~lro fairly rondom agaim\ the mean or emlcr line.

o ThU!. it can be corn:luded lhat the protnS i. in good condition.
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CMlculalion for Poor PCM Quality site,

Table 4.11 Data for Poor PCM Performing Site U,ing U Chari

PCM Performance

Week 1\'0 Problem Quality Cllnl

W' 88 , 0.05
V.•..2 60 " 0.20

W3 '" 25 0.17

W' ,W 9 0.08
W5 W8 W 0.09

W6 " 2 0.13
W, 85 " 0.18

W8 '" " 0.10

W9 60 W 0,17

'1'1'10 '" " ,W
'1'1'11 " 6 0,15

W" 99 '" 0,18

wn '" " 0.19

W" "4 n 0.22

W" " , 0.07

WW n 2 0.15
1319 '"

HcrcUbar: 195J1319~0,15

for u control chart for average controllimil

nbar~ 1319116=82.44

UCL~ 0.15"3,1 (0, 15182.44) ~ 0.28

CL~0.15

LCL= 0,15_3" (0,15182,44) ~ 0.02
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~' ••• ~ '..J. :..; :.:; '.:J.-=O= ~:;.--':;..~ .

-.
~

'2~1.1a'6

-
-. -.

• \I '0-11W..... .

Figure 4.19 Chan for Poor PCM perfonning ailn

Commenl,

a. All rnults fall within eontrollimits.

b. TIle nuctu~tioos ore IlIndom ogo;osttl1e eenler line up to WK 09, From WK 09 to Wk 14.

$Omples fall on or obo\'e \he ~nte'line. Bul1here are no spceilit In:nd (increasing or

d~re.lling).

e. ~o points are \'cry cl~ to upper or lower eontrollimil.

d. The o\'erall elwl indiCllle$that \he proce!l5 is in good condition ond there is 0 fair conlrol

in the proceu 'hough there is impro\'emenl5eopc in tbc procc'5S.

C.lculallon for Poor Cell Quolit)' Jltes

T.ble 4.t2 Doto for Poor Cell PerfOmling Sit. Using U Chon

Week ;'<0
Cell Pc:rfo~nce

Total.ite oualit\' ellnl

'" 88 " 0.2S
W2 60 " 0.20
W3 '" 30 0.21

W' '10 10 0.09
W' 10. " 0.10
W. " 3 0.20
W7 88 " O.IS
W8 '" " 0.17

W' 60 18 0,30
WlO '" " 0.19
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WII " • O.IS
WI> " 20 0.20
WI3 III II 0.10
WI< 1•• II 0.11
\'/15 " 3 0.21
WIO 13 1 0.08

1319 '"
11= Uh~,..2191131~0.17

For u control ~hart for average controll;m;t

nbar'" 1319/16-82.44

Uet •.••0.17+34 (0.17182.44) - 0.31

CL- 0.17

LCL- 0.17-3" (0, 171ll2.44) .O,OJ

FigUIT4.20 Chnn for Poor Cdl performing ~it~

Cornmenh

a. II l;an be.em from the abo", figure:WI alilhe ]XIintsa~ wilhin conlmllimit:s, ".hkh

~ans the I'roc~s is in ml;51klll contro1.1'h<:lugb one plOlll1 WK 09 it is cl());c 10 UppcT

control Limit.

b. BnidC'S this, l~ plob; IIrCalso rllirly random "S"il1$llhc me.m Of ernler linc.

c. Thus. it can be concluded thal1.hc:proccss i, in good condition.



Calculution for both Poor PCM & C~ll Quality site,

Table 4, 13 Data for Poor PCM & Cell Performing Site Using U CharI

Week No Total,ite Bolh PCM &Cell Cl/ol

performance i, poor

WI 88 8 0.07

W2 60 2 0.03

W3 143 8 0.06

W4 110 2 0.Q2

W5 108 4 0.Q4

W6 IS , om

'" "' 3 004
W8 '5' 6 004
W9 so 0 0,00

WIO 11< 2 0.02

Wll " 0 0,00

WI> I " 3 0,03

W13 III 5 0.05

WI4 104 5 0.05

\VIS 14 I 0.07

\V16 13 0 0.00

1319 48

Here U bar: 48/1319~ 0,04

For u control chart for average conlrollimil

nbar~ 1319!16~82.44

UCL~ 0.04-'-3v' (0,04/82.44) ~ 0, II

CL~ 0.Q4

LCL~ 0,04"3,,1(0.04/82.44) ~ -0,03»» 0
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Fisun: 4.21 Chnrt for both Poor PCM & Cell perfolTTlingsil~

Comment'

n. All rcsul1. fnll within conlrollimilS,

b. ~ pattern of plots ofpoint~ i. mon: OrIe•• random (wilh random ups and dO"'1\!l

around the me.m .04). Th~1mean.I~n: is no ~hin in the process menn or no indielllion

of proc~ inCllp~bilily.

c. ~ ovenln chan indiCllIeSthe cxisten« ofn conuol in the process.

~ C Chnrt is llJInnribme contrOl ch4rl for number orNonconfolTTlili~, under I'ninon',

Bssumptinn. In <:MeofC chlltl, the 3 Sigm:l CllJl~ found from t~ ba.ic equ.linns '•• fnUn,,"! I]

UCLC+3SqrtC

CLMe.n-c

LCLC.3SqnC

If lown contrOl limit is I~ thlUlu:ro, il mll'll ~ set It Zero, b«.use number of nonconfolTTliliC'l

clln IlClt~ negolive.

Similar to Fmction non confonnitics chan (I'.Chon, u ch4rl), when population C nluc is

unknown,;1 CllJl~ opprox;mlncd by an r$\iJfl:ltt'd C bar value, which is to ~ ohlllinro from

sample di,mllulion of sample mellM. Thn> the equation b«omC!!

UCLC+3JC

CLMe.n- C

-S7-
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lCl C -3.JC

Caleul~llon for Poor Performing dIe,

Table 4.14 Data for Poor Performing Sitc Using C Chrm TriDI 01

WI
W2

:~_W3~=.-, ~_~
w'W'W'
W2

Hcrr C bar- 45V16- 28
UCl- 28-<-3,128_ 44

Cl" 28

lClo(J

\1/9 28
--,\VIO'-- ••~4_5-

WI I 12
WI2 41
WI3 37
Wl4 29
Wl5 5

WI6 3

ThrilC li"'l Trial limits, along with individuDI wnplr oon ronrormitics.lU'l: ploued in a grnph

~nO".

"'""""'"",
$#~~R~$~#~~#fr~f

I__ poor Perbrmlng .ltll5 Cl • UCl __ LClI

Figure 4.22 Chan for both Poor prrl'orming ,itcs



Comments

a. The C control chart in the above figme demonstrate that I3 out of 16 samples indicates

fair degree of randomness around the melUlCL.

b. Three >lUllpics(Wk OJ, WK 08, WK IU) failing outside the upper controi limit Among

them WKJ fail far above the Upper Control Lim't, Further investigation required on that

J weeks II shows Type I error.

e, Thc overall chart mdicates that the process is nol in good condition.

So, to achieve be(ter control in the process new controi limit need 10be calcuiated omitting that

J weeks from the process,

2nd Trail

The 2nd Trial limit, are calculated as follows

Table 4.14.1 Data for Poor Performing Site Using C Chart Tnal 02

WI 32 W" 12
W2 20 W12. "
W' 21 . "W13'. 37

W5 25 W" "
W6 6 Wi5 5

W2 31 WI6 3

, Here C bar= 296/13~ 23

UCL~ 23+3 ..,123~ 37

CL~23

LCL~O
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"""'""""",,
WI W2 w-t W5 we W1 we Wl1 W12 W\3 WI. W\5 W16

!__ Poo<Pc<formtngalles __ Cl , UCt. _"-lCL I
Figure 4.22.1 CIw1 for both Poor pnforming siles Trial 02

Commtnt.

a. ~ revised Tri.1 limiu =planed on ~ gmph above.

b. This demonmllle lhal 2 samples falls beyond the conlrollimil.
c. New plots nrCmore rllndom ngnin51tM n~ center line than the:earlier one, which

indicnles more ,tability in lite system and ..:«plnbility as welt Bulltil1 the pm<;ess

_"'" \0 be out of tcfllrol.

d. So. to achieve better conlTol in lite process new control limit need to be Clllcuinled

omilling thnt 2 w~ks from the procm.

Trial 03

The 3rd Trial limit. life calculated n. follow.

Table 4,14.2 Dalll for Poor Pmorming Site Using C Chan Trial OJ

WI " W9 2S
W2 26 WII 12
W4 21 WI4 "WS 2S Wl$ Sw, 6 WI6 3
W7 31

,"



"en: C bar'" 218111- 20

VCl- 2G'-3.J20 - 33

Cl- 20

lCL-<l

" " 0 - ~ _. -~ -
" - -" -
" -
" 0

'" -

" -
~.- .., -- --=-,, -,

WI W' W' W' W' W' W' W" W," W>, W,"
-

lCL I__ Poor Pert>nni"'ll sHes ___ Cl ""- "- -_.
Figure 4.22.2 Ch.!11fOTboth Poor performing lile'STri~1 OJ

Comm~nl.

~. All umple'S ~rl: wilhin lilt tonlrollimilS with f~ir mndO!UJlen lII'Oundthe m~~n 01" c~nlf1l1

limit.

b. Thu. thillimil t~n be con'lidcrN as lilt final oontrollimil.

C~lrul.IIDn for Poor PC:.t QD~lily Jilts

T~ble 4.15 Dalll for Poor I'CM Performing Site Uling C Chan Triol 01

W,..,10 .Poor PCM~
I ~:

No pt...t-omtrn,!!
I . _

; 1. ...:.....:...-_
WIW'W'
W'
WS

W6
W'
W8

,
""9
10
2

""

W9
WIO
WII

W12W"
WI4
W15
W16

10
21
6

'"21
23
1
2

~I-



Hcrc C bllf'O195116- 12.19

UCL- 12.19+3.,112.19.23

CL- 12.19

!.CbO()

~sc first Tri~l limil$, nlong ••.ith indi,idual Sllmpk non eonfonnitics, nn: ploued in a grapll

bellow

1__ Poor PCM perlorming ....•- 0.. _-<."l.ICt. -- Lo.. I

Figun: 4.23 Ch!lrt for belli Poor perfonnins site'STri~1 01

Commcnts

••

b.

" ,.,

From rhc:gropllabo,'c i1can be !ttn lIIal 2 plots out of 16 fan beyond the Upper Control

Limit ••.hiell mlIy be a sign of proee'S! oul of conlrol.

lIut, all the plot! are I1lndom around rhc:control Limit or mean.

No i""n:aling Or deere~ing trend found atthc plol. 11sllo"'5 Type I ClTOr.

To gCImore control O,~r the prtK"e'S!we lIave 10 go for """, Trial limit omiUing WOl,

WIC 14.

Trilll 02

~2-
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~ 2nd TriallimilS are calculated as foliO"",
Table 4, IS. 1Data for Poor PCM Performing Sile Using C Chut Trial 02

I

i-Week';':=PGM.
ri:~~-.:....:~ -~:-.o--:-Jl:!:!:fo1TTlllTICc'=- -- ---".=
::c-- - =isPoor .. -=--- - .•--=". ~
W, •
W2 "
W' 9

WS 10

\\'6 2

W7
W8 ""

-\Vuk . Y""'PCM==~...~ ~~~oiane~;...~If~"""-~eYEF . =ISoPoor.<i:'f
W9 "WIO " .

WII 6

\\'12 "
• _W13 .." . •.. . .. .

\VIS ,
W16 2 t

Here C bal'" 147fI4"IO.SO

UCL>- 10.50+3,1]0.50-20.22

CL-IO,SO

LCL-<l

nU:$C 2" Trial limilS, along with individ\131$llmpl: non tonfonni\i~, an: ploned in a gTIIph

bellow I
"
ro

"
", ,
,
w, W2 W4 WS we W7 wa W9 Wl0 Wl1 W12 WIJ W15 W16

I

1 __ pC/.! pe<forrMnc" I, Poor -.- a. •..•.••UCl -oo--lCl!

Figure 4.23.1 Chart for both Poor performing 5il~ Trial 02 ,
r

~3- , •

•
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Comments

a. Thi, graph demonstrates that 2 sample, falls Just beyond the control limit.

b. New plots are mOTerandom agaillst the new center line than the earlier one, whieh

indicates more stability in the system and acceptability as well, Bnt sHli the process

seem, to bc oul of control.

c, So, to achieve belter control in the process new ~ontroll1mlt need to be c"lculated

omitlLng that 2 weeks from thc process.

Trial 03

The 3rd Triallimlls are calcnlated as folluws

Table 4 15,2 Data for Poor PCM Perfurming Site Using C Chart Trial 03Ii~M";- . ~--
No pcifomi!l~ce

'" ...-= ~"Po"or"""- -
WI ,
W2 "
W4 9

WS W

WO 2

W, "

;'fJj ~EM..:-..
"":: :.(;j"-" .
5=Nil .'perfonnanee 1--- !!Go""",;:---

.~!.~!O~r.•• :- ~
W8 W

W9 W

WII ,
WI' '"
W>S I

WI6 2

Hcre C bar=o105J12~8.75

UCL~ 8.75+3-.18.75~ 18

CL~ 8.75

LCL~O

These 3'd Trial limits, along with Illdlvidnal sample nun confonnities, are plotted in a graph

bellow
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"'"•••,,

"P' --,;.:---,

WI W2 W4 W5 W6 WI WfI WIl Wit Wl1 W15 Will

I__ PCM~rlumlftnoo Is Pool __ Cl...... UCl LCLI
figure 4.23.2 Chart for both Poof performing sitC'STrial OJ

COntnlC1ll1

a. Alll'lols fall within the control Lim;tl.

b. The pllllcmofplo~ ofpcints is more or Ins ••ndom (with random ups and do"ns

JI10undthe menn 8.7S).1'hzll means there i'l no shift in the process mean or no indicll.tilln

of process incapability.
c. T1lc overall thort indicates the exinencc of n control in the pl'OCe'!I'l.

d, Thu'! this limit can be consid=d as thc filllll ccnlrtlilimil.

Caloulallon fur Poor Cell Quallt)" .ltcs

Table 4, 16 Dal.ll fl)l" 1'00. Cell Performing Site Using C ChllJt Trial 0 I

WI 22 W9 "
W2 12 WID 22

1 W3 JO W" ,
W, ID W12 20
ws " WI3 "
W' 3 WI' "W3 13 WOS 3
W' " WI6

.s-



,

Ile~ C bM"' 219/16- 13.69

UCL.o- 13.69-+3-.'13.69.24.79

CL.o-13.69

LCL-<I

These first Trial limiu, along willi individu.1 SlImple non tonfolTlli\itS, Me ploned in a grapll

bellow

"
",,

.:f .:sf .:f' .j.~.I> .", .:I:' #> #> .:l~.i' .j..••.,., .j.•..."> .j.•...••.j.•...., $'1>

1 Cell Pmformlng poor -- CL .....•.- UCL -- LCLI

Figu~ 4.24 Chart for Poor Cell perfolTlling sites Trial 01

Comments

a. From !he above C chan v.:ean S« llla\ 02 plol! out of 16 fall beyond llle uPI'C"control

limil!, It indieale! llle process IN). be out ofeontrol. Thrn: may be Type I errOr.

b. The p.nem ofploLS ofpoinl! is IOOl'Cor less random (with I'1lndomups and d""'.M

MOund the me,," 13.69) upto WK 13.

c. From WK 12 10 WK 16 tile plots .110".• continuous dCCfellling Lrends LlIoughall plol! fall

within !he contrOllimilS

d. From the abovc discussion it can be concluded thatthc process is not in good shape.

c. So, to achicve belle' control in the process new control limit need to be calculated

omiLLingWK03 & 08 from the process.



Trial 02

~ 2nd Trial limil!l ar~ calculated a! follow!

Tabl~ 4.16. I Data for Poor C~1lPerforming Sil~ Using C Chari Trial 02

W'W'
W.
W3W'
'"W'

"12
lO
I]

3
13

"

WlO
WI]
WI2
WI3

WI'
\VIS
Wl6

",
20
I]

I]

3,

,

11= Cba,.... 163114. 11.64

UCl- I 1.64.;.3.,rl1.64 - 22

CL-ll.64

LC••••

'I'bcu first Trial limil!;, along with individ\llll 1Jl/TIII1~non confomlitics, on: plotted in • grnph

bellow

",
,
,jo.... Jl' .$" .J:> ./!> ~ .J" .f.•••Q ,jo.•••••• $'1> .i':J ,jo.•••••. ,jo.•••~ ,jo.•••t>

!__ CoII Performing pool __ CL •.•....•.uct. __ lCL I
Figure 4.24.1 CIwI for Poor Ccll performing site! Triol 02

,,



Comments

a. From the above C Churt it can be seen that all the PtNs are within control Limits,

Though 2 plots touches the upper Control Limit.

b. The Plots urc relatively more random around the mean than the previous trail

c. TIlere is one increasing trend from WK610 WK 10 and dffreasing trend from WK14 to

\VKI6.

d. The overall chart indIcates that the proces, is in good condition and there ISa tim control

In the process though there i, improvement scope in the process. So, we can consider thIS

control limits as the finaL

Calculation I'or both Poor peM & Cell Qualit)' sites

Table 4, 17 Data for both Poor rCM & Cell Performing Sitc Using C Chart

'"W2
W3

W3

W5
W6

W"
W8

'1~0:J:fC~~C.cI1~
performanee.me,poor .- =='.-.=-

6
2
8
2,
I
3
6

W9
WIO
WIl
WI2
WB
\'1'14
WI5
W<O

o
2
o
3
5
5
I
o

nere C bm= 48116= 3

UCL= 3+3,h - 8.20

CL= 3

LCL=(}

These first Tnat lim,t., along with individual sample non conformitic,;, arc plotted in a graph

bellow
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Figu~ 4.25 Chart for bolh Poor PC'\! & Cell Performing Sile Using C ChIIrt

Commenl'

a. All =ull1 fall ",~ll>inenntrollimil1.

b, "Thepallem nfplots nfpoints i. more CITIn. mndom (will> random Up5and downs

around lite mean 3). "Thatmc:ans th= is nCl,hifl in the proct"'l1 mean or no indication of

prOCe15incDplIbilily.

e. "Theoverall ehan indiglles the exisl<:nCt'of a control in lhe process.

4.4.9 Anal~,.ls Urin.: Parelo Principle

,,

T1Iemisllllmed Par<1O prlndple (also known as lite 20-80 rule. tile la •• of til. ,ital fe" and lite

prlndple of faclor Ipo~ll,.) .IDtes lhat for many pltenomena 80"10 of ronst'<lumces Ilem from

20".-\0 of the cnU5e1. "The id"", M' rule-of-thumb appliClltion in ll1lIny places. but it's also

commonly and unthinkingly misU1ed [g]

The principle WIlSsugge'led by m.1n~gement thinker Il»mh M. IVl]ln, II WIIS""mcd aller the

ltali"" economist Vilf~do Pareto, whn ob1t'rVt'd ll>~lgO% of property in [Ully was owned by

20".-\0 of the IUllilJl population. Since J. M. Juntn adopted the idea, it might better be called

MJUl"1ln', assumpl1on", That IUsumption i. thaI most of the re1ull1 in any siluation nre

d<1mnioed by a sll1lIlInumbcr of cau.es. That idea is allm applied to d~lll such as 1:Iles figurn



"20% of clients an: mponsible for ~OOI.of ~les volume." Thi5 is tntnble, il'5 likely to be

roughly right, ond il i~helpful in your future deci.ion mnking,

It i, important 10 nole lhat II1lInypeople mi~on,~ the principle lbttau5C of the eoincidence

that 20+8(}-100) it eould just a5 "-ell ~ad Ihat SO% of the come'luences .Iem from 10010of the

cause!. Many people would ~jecl .neh an "SO-10" rule. but it is II1lItherMtically l1\C3llingful

n~..nhcl~.

From our srI' dato we found the type of Poor quality D~

a. Poor Cell PerfonMnet Quality al 219 DOlsites.

b. Poor PCM performance quality at 19S nOl .ile!.

e. Both poor Cell &. PCM perfonnnnc;c at 48 siles.

So, il enn be =n.1 the following peTato diagrnm

• <: --,
Couse a

, "
I.'~ 0
{ ~
"l ,- - '" ,.~-

Fi~ 4.26 Pam" ehart for Poor PfI'fonning sites

Comll1Cl11SFrom the gnll'h it can be lICenthai enu!C A & B an: the nuin contribulor ofpoor

performance.

H.9.1 DIFFERL.'" CO~"TRlRlITORS rOR POOR PF;RrORMAi"O: QUAun'

The main and sub eate-gories that contribute 10 the poor pcrfomumcc of new on air sites an:

prtJ"idcd bello"'[ 11)



~--:,:,,'=:'-- -'-. ..', ",:,. :
\~

4.4.9.2 PARr.TO ANAl. YSIS FOR MAIN CAn:GORY

T!ble 4.18 P!relO Table ror !Min Calegory

Sl. ;II" .\l~ln C~tCl:"') ~o<"frrubl,'m, ~. I'ruhle!'"

" Tmnmllssion Problem 206 "02 Planning I'roblem 2" "
OJ En,';ronmcnUll " lO

•• !l"rd","", Problem 27 6

OS COnfigumlion OJ •

_11_



"

II " P/Otl!em

-----.

Figu~ 4.27 Pm:to than for M8in Cftlcgory for Poor Performing

Comments From tm Gnlph it CIIn be concluded thaI Transmission &; plmning problem

contributes tG the poor perfOlTTlllncc.

4.4.9.3 PARETO .\:"'.\1."515 FOR SUBCAn:GORY

Table 4.19 PlIJCto Tlble for Category I TTIlnsmission Problem

SL So Sub Cnl~I,:OI)' :-<,,' <If ['rub!.'n" ~~ Pn,b\cI1l'

01 Bad T" QualitylRad PCM Quality '" "
" DIP ABL 16 "
03 Fiber CUI 09 ••
•• Micrown,~ link probl= OS "

.72-



DIPABL

• % Probl"m .,.

Figure 4.28 Pareto chart for Transmission Related Problem

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

mostly cOn!nbutes to the Transmission Problem.

Table 4.20 Pareto Table for Calegory 2 PlilllIling Problem

"' TCHI SDCCH conge,tion 61 "02 MPD 61 JO
OJ Handover Problem " 23
03 Call set lip problem 19 9

05 Interference 13 5
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D " ProblfJm

Figure 4.29 PartlO chart for PlllJllling Rcloled Problem

Comments From ~ Graph it can be: concludC'd1hn1 TCHJSDCCH oongMlion, MPD, handover

problclll5 contributes to tm Planning Problem.

Table 4.21 Pnreto Toble for Category 3 Ila,d""ue Problem

Sl. :-:" Sub (':11'1:"1)' N,,, "fProl>len" ~~I'l'\lblcrm

01 Fttda coble connecl;Cln Problem l' "
02 GSM Cable Mi5""'lch 09 J3

OJ BS Faull OJ 11

II " Probl«n

Fig= 4.30 Pamo chart for Han:lwaIl: Related Problem
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Conunent, from the Graph it ean be concluded that feeder Cabie COnnection & GSM cable

mismatch are the 89% contributor of Hardware Problem that contributes to poor performances

Table 4.22 P"reiO Table for Category 4 Envlronmenta! problem

•

OJ

02
Gcographical Reason

Ducling Effcct

• % Problem
., ",,'

"16 31

Fig

,

Figure 4.31 Pareto chart for Environmental Relatcd Problem

Comments From the Graph it C<tnbc conch,dcd that Graphical & Ducting effccts contributes to

the EnVironmental Problem,

4.4.9.4 Pareto Analysis For All Typell Of Problems
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Table 4,23 Pareto Table for AlIlypes of problem

Bad 1'1 QUlllt)'lBad PCM Quallt)" 36

TCIlISDCCH conge1llon " ••
MPD " "Ilandonr Problem " •• 71

Grographlul RC'lI,on JS 7 '"
Cill sel op problem " 4 "Fmer uble connertlon Problem I' J "Dueling Err.", I' J "'DIP .\81. I' J .1

Intcrf.rrnc. 13 J ••
GSM Cable ,\Ii,mllch • , ••
~lbcr Cut • , "OS Faull J I "MJrro"'I""lJnk problem , I "Parameler Problem J I 100

-"""-=- ..-'--,-~--,-=;---
I ~-::;;,.~:... -'f:-ii:,:!!-;:l .~-:..!.!~~o:--s;-..£~t!::,..,..:o~
:=:--si=~ifJi";j!'i;i.tr"j:Q, ._~~ i;;;j'j!;~~_'-.~'i-~-",,".~,.-.-----_ .. -,-- --,----,~•.•O!"""'~:-f_\I~~'1"_~;,i!""~'S"';'ftb=.•...~"
~ .:b::f..'".rtL '\.l"U' iir;;;,1;5:it,;; ft'fu.- -;r ~r.:~F~!:;:!:

~I"I~I".~ w () ""
,," _10m .)Il " " '0

Figure 4.32 Parelo chart for OVCl'1lI1Poor quality Problem
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Figure 4,33 Pareto ehart for Ovel'1lllPoor quality I'mblem (Cumulative)

Commrnu Tk a\>o"e ••••'0 figu= illll!ltrllte individual as \\'ell as eumulalive pe=!lIge of

problems that eontributes to ~ poor performing of Newly on air 81'S. A! per lhe Perotto

dingn.m it is clear that 82% Contnoutors for poor perfonning lU"e6 t)'llt! of problem,. Tky lin:

I. 8adT" Qualityl BadPCM Qualily.

2, TCIlISOCCIi Congestion.

3. MPD

4. Homdover problem.

~. GClIgI1Iphio;nl,

6. Call Ser up Problem,

Primllrily, \\'c $hould focu~ on ~ above!l\ t)'peS problem and try to minimize Ihi, problems

that ••.ill e,'enlUally reduce the pmblelll'l l1ndo:onscquenlly impro"e the quality of new 81'S.

4.4.10

Tk CIIuse•.•nd~ffcet diagram can help resol"e probleml by Ilelping uS pinpoint the mol ClIu!e

and llop trealing l)'Inpl01It'l.(l J
• II resembles '''eleron ofa filh.

• Empha!ilC'l group romrnunkation and brainslonning.

• Stimulate! di,cus,ion.



• Leads to increased understanding of complex problems.

• Visual and presentational tool.

• Can be used to improve any product, process, or service

Any area ofth. company that is experiencing a problem.

bolatcs all relevant causes.

• Help' bring a problem into light

Group discussion and brainstorming,

Finds rea"JllS for quahty vanatLons, and the relationships between them.

4.4.10.1 CREATING A FISHBO:\E DIAGRAM

• EstablISh problem (effect)

- Statc In clear terms

- agreed upon by entire group

• Problem becomes the "he1ll!"of the fish

• draw line to head ("backbone")

• Decide major cauSeSof the problem

By brainstorming

lfthc clf~t or problem is pari ofa process the major steps in thc process can be

used

• CO/meet major causes to b"ckbonc of the fLshwith slanting arrOwS.

• Brainstorm secondary cauSeS for each of the m"jor c"uscs.

• Connect the,e secondary cauSeS to their respectL\'e major callSeS.

• Repeat ,teps 5 & 6 for ,ub-causes di"ldmg with increased specificity,

• Analy,,,, and evaluate causes and ,"b-causcs,

• Decide and take action.[I]

4.4.10.2 CREATING CAUSE EFFECT DIAGRAM FOR OVERALL QUALITY

PROBLEM
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• Here the Effect is "Quality Problem of New Sites". This Became lhe Head orlhe

Fishbone.

• By Smdying lhe STP data & Bramslormlng it is found thJI the Major causes of the

Problem are Planning, Transmis,ion, Hardware, Environmental & Configoration

problem.

• These major cause, Jre connected to backbone of the fi,h with ,lanting arro"s,

• Secondary causes of these Major cause, Jre idenlified and connected to lhe MJjor

C"u,e, in the Fishbonc diagram,

------------------------------

r--

:HandoverProblem

.c.w •• t.up problem

T,£I;I/~CCH Congestion:

P"r"mete_~:

I
I
I
I

••

-------------

'" '-F.eoerTabl~~
=.O>n nectlo n 'pm b I.m

I
I
I
I
I
I
I
I-

4.4.10.3

FLgure 4.34 Cause Effect Diagram for Overall quality Problem

CREATING CAUSE EFFECT J)lAGRAM FOR PARETO Fl1\DlNGS

From Pareto analy,i, we came to this conclusion lhal 82% Contribulors for poor performtng are

6 types of problems, They are

I, Bad Tx Qualityl Bad PCM Quality

.79.



2. TCHISDCCH Congmion.

J. MPD

4. HnndOVefproblem.

S. Geographical.

6. Call Set up Probkm.

So, we came to the following decision lbntto rcdUl:e 82% fault we hove 10 give focus on the 6

Major probkms that contributes to il. If ,,'e decrease the ClI~es for this Major f'roblcrm we "'iIl

definitely improve lhe quality of our sites and thus rcdUl:e tile CAPEX & OPf.x. Above all

qUlllity of the existing aetwork: win further improve. It will increase the customer SlIusfat"lion

thntlink 10grnmccnphone's business.

Here, I perform extell5ivc study OnSTP report & bfllill5tonning about the root ClIusesthat

contributes to the faults. These causes are d~n"bed in the Cause effect diagram bellow and

det~il description has been provided in the 1lC.,tanicle. Also the lI<:tionn«d to be mhn also

described in that article.

_ •.••..--.

--.•.••••.•..•--

--

: ':. .. .. .
~ ~-::;,~~~~~~~. ~: .•=-.--.= :
1 ------ ---- 'c'.'.'.'.'.'.'.'.'.'.'.'. ;
•
•
••
Hc.o-~I
•
•
•

._""'.. . 1•••_.1

.....................................•••••••••••••••••••••••••......................................••••••••
Figure 4JS Cause Effect DiDgJllmon the basis of Pareto findings
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4.4,10.4 MAJOR CAUSES AS PER PARETO FlNDI:\'GS

Bad T~ Quality or Bad rCM Quality

Transmission of any signal could pa," through wirele" (microwave) or physical (twisted pair,

eoa~ial, SHDSL, Fiber etc) medium, When the signal ISattenuated through its propagation path

due to any Signal dLstortion then it is called a, Bad TX quality which often occurs due to below

re",ons

Causes

• MW alignment problem due to poor support causing break in LOS.

• Hard",are malfunetionlng,

• E~cess di,tance than link budget.

• AtmospheriC condLtion (rainwater, snow, dust, sand etc).

• Faulty PCM Cables & connectors.

• Faulty U link

• Degraded Fiber Quality.

• Low capacity transmission,

• Poor splicing at Fiber joint

• Exce"i,e cable bending along transmission path.

• Protection problem at logicalleve!.

TCHISDCCH congc,tion

Stand alone Dedicated Control Channel (SDCCR) lS one of the most importanllogical channels

reqUlred for ,ignaling of call ,et up, This is a bi-directional channel supporting both uplink and

downlink direction.

Thc BTS sWltches to the aSSigned SOCCH used for call sct up signaling. Tcn is assigned on

SnCCH. The MS ,witche, to the a,signed SOCCH. Call sctup is performed. 1lle MS recei,e,

TCH asslgnment information (carrier and time ,lol).

soccn" also used for SMS messages to MS,

-81 -



Oncc call setup procedures have been complcted on the control physical channel, the MS tulles

to a traffic physical channel known as TCH. There,..-c two types ofTC11

o Full Rale (TCH) Transmits full Me speeoh (13 Kbitsis), A full ratc TCll occupies one

physical channel.

o Half RHte (fCHI2) t"nsmits half rate specch (6.5 KbitsJs) Two half rate TCH can share

one phy"ical chflllflcl, thus doubllllg the capacily of a cell.

Cau,es

o Limited capacity

o lnk>r[crcncc occurs due to SJIlle frequency usc in neLghbor cell,

o Insufficient fRO.

o Due to increase Iraf!lc there might be unavailability ofTCH/SDCCH for sctup of mobile

calls

o SDCCH and TCH has not been defmed properly_

Me"

MPD refers to Minutes Pet Drop call. It is a performance measurlllg pammeter of a particular

cell. lflhe MPD is high the ccll performance is considered to bc good and vice-versa, Threshold

value [or MPD in Gramenphone is 2:30, Hit crosses this limit action needs to be taken

Causes

o Electrical or Mechanical Tilting ofGSM antenna.

o Orientation ofGSM antenna,

o Neighbor Cell definition problem.

o Hilly Area,_

o At border cell Timing Advance (TA) is controlled and as a result MPD (Minute pcr

Drop) is relatLvely low and excessive drop, encounter.

o Hardware problem,

o TCH Drop

o Signaling Strength Drop
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• Uplmk and or Dnwnlink D",p

• Timing Advance drop

• Sudden Drop

"andover Problem

Handover i, the prnce", where a can IS switched from nn. physical channel tn "nnther. while

the MS moves around. This is tbe active mode when the MS is on and a can is in progress.

BSC peITnml> the following functinns that le"d tu Handovcr

Dynamic p(lwer contrul in MS and RBS

rhe BSC calculates adequate MS aod BTS (lutput power ba,od (In the received

measurement, of the uplink and downlink This i, ,ent to thc BTS and the MS every 480ms

10mamtaln good connecting qualily.

Locating

This function continuously evaluate, the radio eonnetion to the MS, and. if necessary,

suggest a handover tu mothct cell. ThLSsuggestion includes a list of handover c"ndidale

cclls, Ihe decision is based on mea,uremcnt results from the MS and BIS. The locating

process i, being executed in the BSC,

Handover

lrthe locating function propo,., thaI a handover take place, tho BSC Ihen decIde' which cell

to handMer to and begins the haodov~'Tprocess,

If the cell betoog' lo .nother ESC, the MSCIVLR musl be involved In the handovcr.

nowever, In a haodo,'er, !he MSCfVLR LSeontroned by !hc BSC. No deCLsionmaking i,

performed in tho MSC because il has no realtime information about lhc conneClLon.

Causes

• Occurs due to cell border coverage Problem.

• P..-amelCr Problem,

CeograDhical Reu~on

Causes
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,

• At border cell TIming Advance (TA) is con(rolled and"s a result MPD (Minute per

Drop) is relativcly low and excessive drop, encountcr,

• Due to llilly area SS drop occurs.

• If ccll is placed 1Ilan open are" and plltCOOat river s,de for which SS md othcr drop

occurs

• Thc pcrformance of few sile are suffercd bccause of dislance traffic, Most of the

traffics arc at lhe edge of rhe cell and as a result UL to OL no success rate is vcry

poor,

Call set up problem

Call set up involve, the following processes

Paging

The BSC sends paging messages 10 the RESs defined WIthIn the desired LA. The load

siluahon In lhe BSC is checked beforc (he paging comm"nd is sent to the RBS

Signaling set-up

During C"1lset"up, (hc MS conneclion is transferrcd (0 an SDCCH "llocaled by the BSe.

lflhe MS initiated lhe conncction, the BSC checks its proccssor load before lhe requestls

furlher processed,

Assignment of traffic channel

After SDCCH assignmenl, the call set up procedure continues wirh lbe assignmcnt of a

TCH by the BSC. As thIS lakes place, the ",dio channel supervLsion limctions in the BSC

are informed lhal lhe MS has been ordered to change channels. If all TCH, in lhe cell are

occupied an attempl can be made ro utilize a TCH in a neighborlllg cell,

Cause

• Unavailability of SDCCH,

• HIGH SDCCH CONGESTIOl\',

• Poor Handover success rate,

• LOL (P"lh Loss threshold),



CHAPTERS

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

Grameenphone built a healthy and robust Infrastructure in terrm of telecommumcatLon netlvork

which i, expandcd at a record pace every year "' well. Thc Radio In term, of coverage and

capacity, Trammi~sion and Switching network in term, of number of basc statlon, connecting

lran,mi"ion line, ,witching system (MSC) and so on To en,ure the status of market leader ,he

has 10mamtain goo<!quality new OnOn air BTS,

Quality of New ,it,,, i, a important concern of grameenphone for qualny network for the valued

customer, a, well a, for redueing CAPEX & OPEX of grameenphone, From the above analy,i,

and d,scussion the following recommendations ean be drawn for improvement of qualIty 10 a

further level,

5.2 RECOMMA. •••.DATIONS

• The P chart, U chart & C chart are developed here ean be used for monitoring the new on

Aired BTS quality with the pre,cribed control limit. Thi, char! WIllbe drawn for every 3

months interval 10 measure the lmprovement Every time ne'" & eonservatLve control

limit will be Scl and thLs target will be forwarded to all the concern department, to

achieve the target within that peno<!. Thi, will continue f"rther quarter and on. Thi. will

be lhe part ofthe" SLA (Service Level Agreement).

• As wc ha.c developed nle Pareto chart and from that we c"n draw that only 6 lypes of

Causes actually contributes to lhe 82% of the Total Problem, th~\;, of Poor STP quality.

I analyzed all the 6 Major contributory cause, and draw the ""lion points to minimi?,e

the,e cause,. They are described bellow
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Bad Tx Quality or Bad PCM Qua lit.,

• 11igh quality weather proofPCM transmission cable.

• Usc of quality connectors.

• Making of U link ,hould Ix: properly done.

• Microwave alignment with exact LOS.

• Proper spllcmg of Fiber .

• Use of good lOU & Onu.

• Capacny up gradation,

TCWSDCC" e<>ngestion

• TRU addition.

• P",ame!., tuning.

• After SDCCH re-dimension CONGESTIO;-l decreased.

• Propcr SDCCH and Ten has to be defined"t planning end,

• Capacity up gradation is the simple and <traight forward method of reducing

TCHlSDCCH conge,tion,

• Change in LOL (Path loss threshold)

• PaTflrnet~'ftuning.

"undonr Problem

• Handover additiun/deletion.

• Parameter tuning (LOL,LOLHYST ,BSPWR,BCCH,BCCHNO,DCHNO)

• New band introduction



Geographical Rea,on

• Parameter luning.

• Selection of ioc"tion (Example For HIlly areas the highe,t point should be laken if wide

range of coverage need 10be provided.)

Call set up problem

• TRU addilion

• lJandover addition/delelion

• Parameter tuning

• New b"nd introduclion

• LOL cbange.

Fin"l1y I h"ve end.d up wilh drawing a Cause Effed diagram! F'sh Bone diagram thaI will give

a clear idea where more focti< needed for Quality lmprovemenl of New BTS Siles. This will also

heip in operation as whal aetion needs 10be laken agaimt specific problems i5 de~eribcd in more

clear way.
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