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ARG XEAR fafame gidrevor
SfergE
T3 fecell, 18 TR, 2017

AT B AaT (@ReTg) T Heger ANEd Bl WaT @ Wa [UadT & AMes (Tear weeE) fafvm, 2017
(2017 @1 4)

B, €. :304-2/2016-FF 3 TH—HRAI GREAR [AFTAme Uiresor SRR, 1997 (1997 &7 2471) B &RT 11 B SU-GRT
(1) @ @3 (@) & I9-Ts (i) 3R (v) & AT Ufsd aRT 36 & AWd Yad RHAT BT TR R §Y RAIT SREAR fafama gridaw,
gITEl CAB WAl (TRRETSH) 3R Yook ARIS el HaT &I Hal Juracl & Adh (AR, 2009 (2009 FT 7) H WA &= &
forv vaggrr fyferad faferr g &€, W —

1. (1) 37 faFZ @1 SR CAllBM HaT (IRRATE) T HegeR AdIsd el Hal @1 ¥a1 Uil & AMas (drddi
weme) faferr, 2017 (2017 @7 4) BT STQT|

(2) ¥g fafam fRTid 01 Srafer, 2017 | @R &1

2 SR CellhIe Hal (dRRETSH) T AegeR AlaSd Collb Hal @1 Jal ol & AFGs fdfFRH, 2009 (2009 @1 74)
(5 gaa e Ao fafwm @ sem) & fifem 1 & Su fafam (3) @ e,

TS (iii) & e, f=1aa @e @I sid: venfid faar e, 9ma: —
"(iv) Tl s (que) @ ded ugd Al JieR;”

3. ua fafrEl & fafrm 2 @ Su fafvm (1) 4,
(@) s (@)  uzar] FrFad T @I SR fbar S, -
" (@) VAN IS (JUe) B Tecl Ugd Wt WK,

@) @1 AR Ue faffde war eF § aRdNl @ fege H dfaM SR /dar IR-dw Geul B AU, A,
TR T I qe q6 TEaRI W g |
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(ii) AN, YIS, sieds warell o feua w seiq dfgw, difeal dem Srer |fkd geviie e, §evie
Harg  oAT AT T 2 |

(iii) gCRIC CAllIl T U@l A §Y AISUHHR] §CRic Callbil Jcdd I UTHeIuT / YeluHyd / Sgadive
Cqd T Y SR IR FHAT 7| ARHGUR] Ugd HaT SUAY HRal Wahdl © il araResd 3iR /3@
ararere MieAT W qof Faerd, Wi Faerr o fhew diRed Uga & Arad W SUAe HRarg o el & |

(@) @ (@) @ wwar FMead T & fq-<enfid f&ar smom—

"(c@®) “9E I SrRrar “dive” &1 AT AT UgT Tead | e A ARE Fell § ITANTHT & YDV JaT WA

3raT Ui XFSAT TR SieraT Wit o STRGRI U s o 9 8, S dICIgd, Fie 4 d s—red! A e 7

(T) "9 grIRER I 3Er “SEeE” $1 AT fed SivauE srrar WU SRa Al ugd " dreifia
H 9 R W R

(M s (@) & I R g o ufoeenfid fear s

“(@) “HA” BT AU T B IRad gEAH 1T Hiohg g fifed el dave & &3 9§
(@) @ve (§) & oA Mad ©S &I Jfa-<efid f&ar Smem:
‘(@) N TgA Srerar “HeE” 1 I W @) ugan i @Rl & (Ter) srrar S e (€)@ ik faRme
g,
(€@ "Aa TAed APserel” AT “Hioneg” F AWM [F 4 @1 ded IRt gEE ¥ @ 3R IF Aesd <w
P (THRIRY), A3 Heas dle (THRN) W &7 Bl (Tervsil) dferar Sfeb oRar dis (S ok Wt vgam (1)
BT HGATGIDIT 3 |
(@)  Ad_ag(d)" sremr SR AUGS og W B AT B oA B R B AR G AR JeAibd e @
IRA Bl et & IY Y SRR 79 B e § & & af yfiers A9 2

(€m) VE_F® (90)" BT AN FA_H (&) B @I =90 § IR g YAHT ATY B IRM U B fofY TN Y
e SRR 79 @ e H 90d} ufterds SRIAR a9 @ <ifar €

WG : QDS Tl i Aa & IRM oo A1 & oY yareRa of = 37 @ 9« &l @ forg uRaferd SRfleR a9
U o A1 39 9« SRR HH Bl IR—Fed HH H ARG o 7T S Tl & forv 90d1 SRR UfeIdd M BT IaT o W

I% 81d SRMR A9 @ 3R AT X (Fa9 el | Soaa SRR 719 31 T0MT 37 §Q) | I8 Wol_ag, (90) SRR A 39
I Al & fory S Wel T JRafdie SRR 719 21 |

(©) wve (@) & SuEe (iv) ¥ fiaq & yforenfia fdar Smoem—

59 HiEgd WAR T dRad HOTell, Pre AN Aecud Uead (Heiuy), diss dT WAy smiRg dRas weie
WA vgT ead (qEIReTH), e aRad werere AT Ugd Aead (§-ILIRTT) W A T galeqe (Tac)
JIeNfial TR SMeTRa 2 de MHCITE 1eaT JUUHTd S1dl JUdl @ dgd I dIg o Sreifie e &1

(@) wve (&) § frad @vel a1 oiqenfia i Smem—

‘(o) feaa_ o ()" serEr et iiew W SRileR ATUSS 5 fiede UraT &1 Hal (e W @ s i
fafire fead W el Tcad & yareRa 41 Jell & SRR A & 9T &I 09 a JiRad SRR A9 & |

@) Rew_wg (7)" @ afwm few_ay (TH) @ |rr T8 =97 & do1 I8 el fARie feaw W 5/l s & wf
el # SRR A9 & e & o7d yfaerdd SRR A BT U €

TR AT ) faRre e w ol g H 9 B9k Adl Jareiva o G 39 W1 S BOR el & (olg uRaferd
SRR A JUeel 9 A1 39 &9 FuIR SIS A &I iR °ed §Y HA H o a1 o7 §  iieras SRR &1 ual
T W AT 9700 J SRR A &1 3R AT T (We9 9 W T4 A 0T o §9) | I8 feaw_a7 (o7) W 99
fad W "egd @1 gRifRe SRR A9 &R |
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@) g Bl T T "SRR BT AT VR dfI Bicl $1 Uaed & O Ud IR XU & S TR AT
¥ 9 by 9 9 gd afd 8 e g

(@)  g-Ared Fyar “gaeds A @7 SHRAAT “I-TAN” @1 AN W WIH W B Wl fHH AT <H AR
(TerciE) UrRnfier W amiRd ‘gdfeds Iavd Rgad AT Taid Acdd (§—ICRIRTEA) # difvidd e & &7 o
BRI HRT B |

(6) @ve (31) & TeANq Fad WUE B AT fRm SgeT—

@) ERufa &3¢ JeET “TAY” @ MU TH W &F 9§ el o Agd wud, e daem e
(AUANR) BT Sy foby faaT forell o @& yaTe a) WadT § iR SHH SICHTA 3iaT WEITAY 312l YCIRYTT Tead
# TP AT 3D el WA 2 |

(GrE)  “eaRufa &F Pl T “TATH” & AMUR UNATATA & WieR qaRfd & (TelY) @ uEEH dRA arel
iR g el (2 amaee) ¥ R |

@) (@) WUs & M W Haq & yforenfud fhar Smgem—

“Ate 4 @1 i e digeds WU (=g HIKITAR) Tl W SmeIRd 9 WA 9 € o fodl dRaw wnfie
Ugd ead (§-JERUGH) # cdifidd A1 & w9 § IRt 2 W &

(&) @ve (3%) ® YN, A @vS BT FfoRenfyd fram SQe, e

(6W) “IcTD_Tgee (T0, Q)" JyaT "SRR WIS RER dem & ey § ead Aar & o (@aea)” 31
YT A a & SRM Rl Tead H 9 el & forg Ha_aY(EN) 7 B We H U9 a7 g A g

WG T¢Th_ Ry (T4, <) ARG DI Fa & IR AP Jead & oy Jafifs SR wive R A9 © 71 I8
T & fob 9§ ¥ U9 9fqwd Aell &1 Ael_ (S HH TCqb_Rgeg (T, ) A & FAA T 1 SHI FH o,

() “ICTH—Fgee (90, 90)" BT AU TCTD sy (TH, TN) & TN TH = 90 TA & = 90 ¢ IR Ig Tead H w1
el B We_ag (90) D 90¢ Ul AF BT G &;

TEGRY : TCTh_ Ry (90, 90) FT AN eI &f qafy & IRM Fqof veda yfafife SRR wenfie fvdr w9 & o 78
T & 5 9 9 P9 90 ufoer Al & oy Id_ag (00) A TCTD_Rgg (90, 90) AF & FH 3efal 39 PH AT | IR &
fere afe @rg ead gedie el @ SR 90 A TP 0 BOR el & Al FAl kA o @1 Cddb_ Ryeg (90, 90) A, IUA
T TR Hel_a (90) A T 9091 YTy Hel_a7 (90) A BN,

(8) "D Tpee (T4, Q)" AT Pfcid AR e Feell wicad Bl Har B qUrEdT” BT AWY Jedlbd B e
@ IR fooelt Teas # it feawi 29 feaw_ & (T8) 919 & e # <) af ufonras A & |

TG TCTd_ R (T, &) i @1 Yl & IRH G Feaa & fory gRits SRR Pifers IR a9 & o fob gemian
2 5 Heuie 3@y & SRM o9 ¥ BA & ufed At & fow fRav_ 7 (T9) A, edd_®ae(T9, &) A9 & THGE aT 399
wH o

(68) “cTB_Ra(07, 90)" BT MR Teqd_Terg(TH, 1) T I TH = 97 7 & = 90 B, I feaw_ o (97) B
90 § ufgerd WM & U ¥ T €

TGRT: TCqD_Rer(97, 90) HH B FdY B IRM AYUT Aead & oy UIHRs SRAIR Siferdr OARAM & Sl I8 2
g & &1 | o7 90 ufawd feAi & fow Aeqe & feaw_ & (97) WM, qd — Ry (97, 90) A & THEE AT I G o |
IR & oY, A BT 1ead qoid ad & SRM 7 Al & folt T §9R Ul & W1 JaleRd o A Aedd_deg (97, 90)
A Sl o fad_a (97) A &7 90aT UfrEIad A ERT

(Go)ga df yRma®” JET “T9 9 gREad AM &1 AR fE Ser de H oA W §eW dH AM el AW el
fooaT g 81 fb 98 99 S1er e § SIer 3 & U9 df Uil SO B J2dT S avTeR 8l |
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TG JRIaH [l el A & Wi} Gl Yeror o) amier A1 7 H9F g, SRV @ folg Ifd 200 SRAIR AH & el ¥e,
o UA% A9 T F 100 B SR W B [Gfrerd H) S 90 UfRIAE @1 uaT SR @ dl A% 1809 I W SRR A @
3T T (200 T 90 Hferera), wT@ WY 200 SRR A BT ARIE HA # aRed F e Sar € &R 719 of o 39 Sarexvr # 7
345 TR (SRR A1) 71 3T T 200 SRISR A & ¥ H 98 SRR A §e9 Bicl 2n R I8 faemar erfl f6 39 de
4 90 Y A WM & AR We H 1 W 179 § WM W SRR A ®I RGN H9 § Janed a1 T & o & 3899 a9
st A €| afe feddt fou Ty Srer We # 345 vfoRrd SRR WM @ 1T MG €rel A € a 90af ufRmad U Il SRAeIR
A @ AT HI | §9 AWl ¥ ST A &1 TAal IR Ud WeroTd 3id 211 & af qUiifhd Wl $1 SYANT B o 6 g |

G)  ©Us (8) & TTEq ead @ve Bl sidReiia far Sme—

“(e9) fadfio- dReE wdw WA TGT Teqd (F-IEIRTA) WA TaHE R AT "3RS BT AN
TSI SMRa Wenfia # SWIrTdhdl SudRyl (35) T AT Ted (THeygsl) & 914 JoR ©F FeH 3 8

(€) v (3) & TvEI (e @vs B siqRMid fbar Sgr—
©) SU WS () $ GYEN AT WS Pl SR fhar mgn—

“(GEd)” A foiw Sigw oifST” FraT “IRYeAS!” FT AR SCETH R fedl ugd Feas! gR1 ywRa el fofd
<IgH J19C W & Tl IS} “TH” FI AR a1 o Wb |”

© qus (1) & wTEq FEfRed @vs &1 sidRefia fbar Se—

‘) fET aF SRrEr AT BT SR UE &9 9 B T AIeIgd Avoe Ul (THUHS) @Y SR e 3T T
e WY Maly w9 F FAIferd & 6D | TP S &F H ‘galeds SIRgId WA TR Aedd (§-ICRIRTH) & Th
T 3P el M B Tl &

(ra) T & dre” arerar AT T AU ufecdd ove AEIgd Tedd (AUATHTE) @ WieR i &5 @Y uga
TR qTel T (IR 18 & T=R (2 3faee) & &

@) QU (M) @ TN (A @Ue &l fa-Renfud fhar s
Tl W A’ A RN W A BT AR AEW (Sexe Werdid) Aee-Hfear we Rk
(METATR) T ST B TS SRR T T @ T A el | R

4. T fafes & fafRm 5 @ Su—fafrm (1) 7 diferdt H $9 91 &, cad U Hal AU s & |ay H dioM oy qu
yfaftedt @1 ferad dfem i den yfafedt & ufoenfia feam o —

)

P | AUES BT AW LERIES i I AR Tgh

|

B “Cqd |aT DI U AIGS

) TCqD U
(@) 9 WIF dfud SRF °EF (A 3 | < 2 yieg TS A1l @ @Y & IRM 3ivTd
forg Suer ) IR TR
@) SRS TEA & SRV |ald ¢4 W | < 2 giyer T% AT @ @i & IR 3T
T SN I MR W

(ii) R T BT (Ug3)

(@) Hfthe Race afad qar FRITACS, | > 95 gl | UP fOAIE] @ 3/l & IR 3fvd
J2IT AR, Picl He—319 AHerdl &% a0 T AR W

RITIAT AHA &R (IR & W &
TCqTD W)

(@) TOSIRINTT / R ol botere 1 ufe TS A @ @i & IR 3T
/ ARARYT PHovH, IR TR

IA
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() CRATTE, JIRUAT SR §—3RYET SOl < 2 yfed TP [oAIE] @1 3@ & SRM agd
IR W

(i) | Prir SFRe (ERofi)
(@) ead RANE WS AR a0 | < 2 giyeg TS AR @ 4 & IR

[Feq®_Fges (00, 90)] A SR TR
(@) ead FIINTH SRR Fiferd < 3 yfoer TS AR @ 4 & IR
e Ao [Fead — Rag (97, 90)] yfreTad 3R W)
@m JBCR AT TUMERTT aTel BiaR, > 05 yfyog | U fOHIE! @l 3 @ SR aid
Afde Rase draw qaferc) qom aR affa” IR W
Tercrg (d1IUercrs) ore
(iv) | Sevoiwr fig [@eier) worer (g < 0.5 yiwm | U% Rl @1 @l & <R sl
BIGICIEREY MR TR
5, 7ol fafrmt & fifew 5 @ Su fafem (1) 3 99 9ol @ A, on e & | frafoRed weet o ofdvenfia
fapa g —

fewor 1: arferar # (), (i) R (iii)  T5d GhEg AUGSl @ foy STHE & FHE R @ W ddl & oy aRaed
foar SToeT S8 Qa1 YT gRT N e &9 § WA YeE @ O W6l € 981 Afbe Rase au A Peveds war
UG PR @ fo1q STANT fhar S T 2

GRS AT YETAT §RT d1STUeels WAl SUeiel ar1g off Y&l 8l df 3—A¢ &1 & Woll & foly SRR A9 @
(iii) @ d8d qoiag AUGSl & forg enfAel fm TG &R Af daat Ffbe R mnRa 9 oid Sudel x5 o W@
g Al 3 @ | |l 9T (iii) & TG AUGS] & oAb Frord Ao el fbam S,

fewor 2 : fewur 5 # iy T SRAIR Fre (SRA) @1 F & dMicredT § AT TC AHAl &A@l diferdl H adg ATas
(iii) (@) @1 (iii) (@) & RIS A9 & IRFeH & foly Aol @ & forg T SRAGR w9 U foar Qe ;

fewor 3 : (iii) (@) TN (iii) (@) & Ted GAI9g UGS & URDET S foly YUP el & SRR A Bl dhadl A&EITa &
SR TIMId SWRI Bdd &l 3hi dd IRBlerd fhar ST,

fewor 4 : Reaq SRR wfaftedi srerar uRaford SRR 719 & ofcar [l s w9 9 w9 g8 wfdfteat speran fewor 5 7
faffde SrfieR @re & ofefrar f6dfl o1 le areraT WIe § X g3 fafted! ol aurer RUIE STa1 7T el Se;
fewur 5 : <y e § Ry T SRNAR Bl BT Bre & wHeT 3T U HRON der uRRefor § SuaT e Se:

SRR | s BR 3R T

e

SISHE SRR Ul B AR @ 7 H A S SR a1 T o1 & 99 foan A o &k 7 &
T8 Fcad H SUINTRAR & |arl Sead &1 9T o |

T | yarerd § el B T SEIBROT & HRUT AT oo | g & HRYT a7 JURER

aRRufRI srerar il daeia! THRT & BRYT A YaTe-Rd Tl o 3R g4
Sead § SUINThAie ®f Jag el o |

Ul | Plec] A SUGe el | ol faf¥re oo @ SR Bl a1 & forv SRR & uRdeM & forv aruferd
2 IR B el THed! WRIE & BRYT Sof T8l AT S el S&fd et
KBGO

TAEIUH | SRR &1 UReer I P & IGa¥ U SIAR A G GRS Tel (b1 o Febell 3eral
e 81 foan IReferd A TS |

[HAT & AT SITRD
g

fewor 6 : wferRT S19 H A sawe B e, PR ST AR TR R SR BIS Bl Al H UG, T el A
TR T B |
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fewur 7 : fewor 5 4 iy v SRAHR Bl I T oy Y BRI du URRIfGAT & 3wy T8 € @ g% Y Al @ fafE
5% & 3U fAfTIH(3) BT Jected U AT ST

6. ol faft & ffem 5@ #, —
(@) Su fafvgm (1) ® wregi, quit den sl & ywarq “fafem (5), fad @ ofa<enfid fhar smom—
(i) SRR |t AMGSl @ STedT AT TCad_ (90, 90) T Tedd_Tag (97, 90)" ;
(@) v fafm (1) & wearq Fetad U fafam &t sfavenfua faar s —

“(19) I BT VYR ARISA TAlBIM Wl YGTA, HHGS Tedd_Rga (90, 90) $ foTQ deM R &R AR H 3%
& &, O fafem (5) & su fafvem (1) & fafafdee fmm o @, 1 9% s99a) g @) faed SR ot sferar ssa
TEd O SRR srerar R srerar fAfFRET srerar Ry U amew, 1@ R fy U Ml W giiee wHE el {4,
qT YTl gRT Sa! fomrel R # ufrafed vgel Sedied o fog Ifse ki focied & argd 9 wa A &1 e
XA, A A & 7 arferat # zen uRafora Al 7 e T grfr

ATTD_ Ry (00, 90) BT A F17ad U T W faciv frocares @ < v A
2 Ul ¥ 30 R 4 YRowrd 9 AEd TRl JHTH Th oG FIY
4 TR ¥ 3% 1Rq 6 UiaRId W 31 T HfepTH & oI BUY
6 UfrRId ¥ 3t URg 8 Yhiewd | M el CIECRUINIERCICR
8 IR ¥ A TR 10 Ui o A el HRIpTH TR o BYY
10 TR & 3 BT UE I TG

qurdt o Af HaT yoTaT AR &1 A1 &1 ¥ ifde foeal | doe W @ T Iavar § 1 98 i Mo & A
W T IR F PTAE SIS JeH Seaied @ (g [kl Frocared & s TA1 9 e 781 el ofR fgeiy Seaad e
IS A fHU T Al TAF Seeted @ forw & T dferat & fxly FreceT @ IR afdiedw < T 9 e T
&I |

et I8 1 b WIRaRYT gRT ok e &A™ 9 fll ol IR & A @ folY IS Sfeel RI e bl SITge
TP [ Aeger Aargel Cellbl a1 ATl Bl JIGROT §RT U T Seeied & [9%g (0T Ue J& & foy e
FaeR el fear T g

(1) 3t B HegeR ABA B AT YN, AFGE ACdd_d g (97, 90) T foIU e W @ Iaw H ahd
& B, e fafem (5) & Su fafvgm (1) # fafafdee fooor T &, &1 9 soo) e @) FEEE iR vat ermar S
TEd O R srerar FRAT srerar fAFRAT sterar Ry U aTew, 1@ R fy U Ml W giiee wHE el {4,
WA YT gRT Sa! foATEl Rure § ufrafed ugel Seoied @ fory A foki Foce @ Aeam 9 U IR &1 T
1, S A & 7 drferer § gor aReferd Y ¥ e T2 Bnf:

CTD_Targ (07, 90) FT AF =T U M W faci frecares o fyr vug &
3 URRIG ¥ 30% URg 5 URIed ¥ i el HEHTH TP g BUY
5 i 9 ffe 1Ry 7 ghoerd ¥ ofde TR DT &l AR BUY
7 AfoeTd ¥ 3% 1R 9 ufoRd W ot T SIECREIRIE RS
9 IR ¥ 31 TR 11 U ¥ oA T8l HRHTH TR A TYY
11 Afoerd ¥ a1l HHTH Tid g DUy

T {6 IS AT YT AR <1 O7 &1 ¥ e famifRal § §9¥e IR ©RT T8l Javdl € df 98 fai rocgd & Aegw
W TS AR G PTAE S S Y Seaied @ fog Kl Focares & s A1 9 o 781 el ofR g Ieaas e
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9 TN U T dTel YIS Seated @ forg & T8 dferet & faxiy Frocaes o ARy affredm a1 1 9 fdie 78
&I |

et I8 1 b WIRRYT gRT ok Frocares &A™ 9 fll Wl jIRT & A @ folY IS ofee NI e fhaT SITge
ST 6 Heger AldTgel Sellbl WaT JRIAT $I WV §RI UIY ¢ Ieaied & [9og AT GeT X+ & forg Ffarwia
Faer el fear T g

(1) foxfrr FrocaTes & ®U # A @1 9 el G I O SU IR (19) siR /1@ (119) & d'd uRaferd fhar
T B, o A AT ©), 9 Wi el < oRg $u W ofdd TR g Rl |

(1) wiferpRoT JU A (196) JferaT (1) SferaT (1) # UGl & SFJER, il 1 AWl &, H g RffdE A fdu
S ATl faelig frecare o I 9 on foxfi fecares @ IR IRIftG ovem, el WaT yeTaRil §RT Sueel dRIY Y
HROT SMferequl T gfiaeTd & |
ot I o U A (URRef) & wde # witidRer @7 o sifem @R e Jar geTaRt W areadR g

7. 7o fafes & fafem 6 & Su fafm (1) 5, ————

ferdr #, fraa afel, et dem quit o1 efdxenfia fovar smomm—

wH GE&T AMGE & M o
2 fea foffT 2fg 3mde (BIRUaC)) 4 64

@)  Su Rfww (6) & uwar Fread S e @1 siaenlid fbar sem—

(6%) JqT yerar S99 I & Rarel o1 saRfeal & Ay Wk e e R dOF A W ofte 9w @ fow 48 @
TG JaT I MG A fofd gy oifSe (IRUEC)) @ W1 SIS BT T o | ¥aT SR U dIvE @
TS J & folu IRYI! I 48 Eel W G T & forw J9M 3rrar ifeid @ fofy 9Y SRV Sl Thaval GRol
T TG HAT A WG JJ2fdl §9e T Goii-aa) 12l Uil grr A o W, aRemr & fog 32 Sueer
PRITT |

el AR T, |iag (7R1)
[fasTo—111 /4 / 3/, /192 /17]

fewor 1: q@ RAfREl @1 fiAid 20 A, 2009 BT G HRAT 305-25,/2008 —FIATH & ARTA H IRA B IOIUF, IR,
WNI-1I1, Te—4 # e 20 AT, 2009 T USRI B AT o7 |

fewur 2 o1 fafawi 1 feAid 7 78, 2012 BT SMIRYT <ellwiF a1 (dFERATEH) T HegoR HISd Callb Wal & HaT Torae &
AMGS () fafRm, 2012 (2012 @7 S9ET) TR TR ARA BT T o)

fewur 3: o1 faffreml a1 feAie 8 TawR, 2012 BT ART MBI WaT (AR T HegeR AIGTgd CellhA ddT @1 |aT Toral &
s (e o) fafvg, 2012 (2012 BT AGNIET) SR R SR FeNeH o T o |

fewor 4: qa fAFREl @1 fQ71F 21 SRR, 2014 BT AR B HaT (@RRATEH) TN Hegek AGd CAlb HaT &1 HaT Jure
& WS (T qeeE) [, 2014 (2014 @7 IREE) TR FR AR G fbam T o |

fewur 5: 7ot fafami @1 e 15 ST, 2015 BT AR Cellb HaT (ATARelTEH) T HegeR AIGISA Colbl HaT &l a1 Jora
& AMes (Tqel @) R, 2015 (2015 BT 3T6ET) SR FR AR A AT T o7 |

fewur 6: ARATHS AU "SR TelBIF Hal (ARRATE) T HegeR HiGIgdl CollblF Hal S HaT o & Aes (JeH FRiE)
fafem, 2017 (2017 &7 4)" & Ie¥T 3R BRON F W€ FRAT & |
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YrATHD =T

1. T
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JHITT 39 eI B HeAIH IOl #, U 4 & U9 @ 3198 UG IR dTel o o 1 <Y T & TR UGYE o) arel faAT
@ gl Fvd & Sifh ST gomel § T 8| gufory, AfT oA wE BT I @R A SIY a1 Ig Sremdd BoR SAaeIddl
Bl | qenft, Soad gRT AT @) O Y8 AaIRG FfoAgal R BF SRS O Syl & FREAT § W8 §EHAl €, B <Ed
T S Il # W o ufoed Al B vE q1 & gk & Al & SWE 999 b gRT cdd BRIMEEd & aded d
BT Jell @ Ufererd 1 A &M B AN Y I Gl 81 U IR U B B 4G G Cde Y HiI¥ @ig HHGS W
et <81 & 1 SweRR # e ol Riawl #§ URe 9 @ fofy SRR A e R & Amel § 2 ufed 9 98 QiR
FIATad fIRAR & AHel # 3 URRIT & 98a” 81|

25l Tead B foly I SRIIR el FT IR FRI §Y HRITA VATET & (o U Tl Bl [deelwvr febam T a1fes #gh oi
TATHY ST fieell & Al § Y B @S R (90, 90) 3R Rgiey (07, 90), 407~ T TATHAY ATy AfHerTrg & AH 4,
gofl— ) TATEy Srid UoE & Ae H iR ol W vervey sl e uew @ Aol # Y B wise & Hed H§ faftr
AT YTAR & Hcdd HRIFWRT & IR § JIMEN 8 |

TCqh_Ryrg (90,90)— Piferds IR 2 A MR g 7O

Aoad Ag) gofi—a, grofy—, gofi—g,
% TelTHY U YelTHY Ud YelTHY U TelTHY
gl 1 3.12 gfer 3.12 yferd 4,84 gfcer 2.17 gfer
g 2 158 Hfcrerd 2.24 gl 0.92 Jfrere 1.28 Hfcrrd
a3 2.46 TR 162 Ufererd 2.78 TR 1.18 Yfereret
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Sl 4 205 gfoerd | e |
egdi-5 0.67 Ufererd 0.91 Hfererd 139 gl 0.63 Ufererd
Sl 6 147 Ul 0.91 yfcerd 0.00 HfcrRTa 169 Uferere
Sogdl 7 3.25 Gfrerd 2.44 gferd 2,65 Ufererd 3.10 Uferd
duad s | 2,87 v 1097 Ufoerd | ...
76 HCqd_Tsg (07,90) Fiferes AR 3 79 AR W Mg
Aradt AN o, o, Hof—,
% Tel(HY % Tel(HY % Tel(HY % Ty
SR 3.70 wfoRTd 3.71 vioRTa 5.92 YR 2.74 vfoRId
Sogdl 2 197 Yl 2.75 Uferd 121 Yl 162 Yfcerd
SR 2.99 v 192 yfrere 2.94 vfcrRTd 151 Ufererd
Soqdl 4 LRI R R R
Sl 5 0.96 HfcrTd 1.14 yfrer 250 HfcrRTa 0.95 Hfcerd
Soqdl 6 247 Uferd 196 Yl 0.00 Hfererd 2.16 Uferd
St 7 3.65 TR 3.00 HfcrRTd 2,90 v 11.36 TR
duadr s | L. 3.15 g 1449 UloRI | ...
77 M TSR & SIER URSferd 2 R doe @ forg gerew sifed SRISIR A9 fread §
Aradt A i, o, -,
% Tel(HY % Tegsy % Ty % Tel(HY

SR 0.72 v 0.79 vl 0.97 wfcra 0.62 HfcrRTd
Sogdl 2 0.69 Ufererd 0.69 Hfererd 0.48 Hfererd 0.45 Hfererd
St 3 0.77 v 0.24 vl 128 Ufererd 0.30 HfcrRTd
Soqdl 4 020 Wfted | ... | .. | ..
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78

g 5 0.17 Hfrerer 0.14 Hfcrer 0.41 Hfrer 0.08 Hfcrerer
Sl 6 0.25 Hfcrrd 0.27 Yl 0.09 Yl 0.36 Tfcrerd
St 7 1.13 yferere 0.61 Yl 0.70 Yl 0.64 Ffcrrd
duadi s | 0.86 Wfrerd 198 Hfcrerd 0.76 Wfcrere
A TGN & AR TRPferd 3 URI S99 & oy gegay ofivd SRR 719 fad 8
Aradt A i, o, o,
% Tel(HY % Ty % Ty U TelT8T
gl 1 4.13 glerd 4.05 gfcerd 8.58 Wfrard 2.01 gfer
St 2 1.12 yferer 2,05 g 0.33 gl 0.89 Ffcrrd
dioad 3 2.65 Jfere 1.25 Hfcerd 2.21 gfaerd 0.47 Hfreret
St 4 150 yfaed | e
a5 0.35 Ffcrrd 0.34 gl 1.76 Ufererd 0.41 T
oAt 6 1.24 SIfcrr 1.27 wfcerd 053 Hfrerd 1.37 Hfcrd
St 7 261 TR 248 TR 2.27 vfoRId 2.80 HfcrTd
duadi s | 1.77 wfcerd 2,60 Jferd 115 Hfcrrd

79 IF A WLHY ¥ UM § & Fafd gd@ Toadl o1 i SRR A 2 YR Alefel SRR d9 1§ $1%! 39 o, |Reg
Ca_Rred (90,90) 2 R W ST T | 7edd_arwdt (90,90) TET & A H, G W HH 81 U e Wi 7 AT B
TAE A G I A ®] AN e FIUIET BT e IR dRar 8 | 39 fRed, 3 diferdrel § 98 <@ o 9 8
fo5 afe Har yarar @R e yers! a1 feawdl & gl S FAE R & fofy YA WM IR ¢ o1 FEH T W R

= 2 VR W ¥ | R B R & Teqd TG B el TR IR G 2 |

710

Sad SR et faveyer § a8 fega e & & e OaRe #§ 9ead_Rwmy (00, 90) Teaa @ fwres & e w8
TR WA $ecl & i Ig < b SRAeIR < 2 Ui =[Aed 90 Uerd feawii #, =qFd 90 fcerd yahis qa el o
I 8, S USR Blfeid faR0T edd_dgag (97, 90) H I8 < € fb SRASR < 3 yfawwd, YAad 90 wferera faaal o

AT 97 WRIIT YTt e, YT fHAT el 2 |
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7.11

712

713

714

715

716

ST B AEOR, WIRERYT o SRR Hfca & WS iRy & oy 996 & W H Rgeg (90, 90) = 2 YR FRIG &R+
@1 fofa foram 21 9% SRR A9 @1 YIS WR W AT BT BT 8, SHfory A oy form mn @ 5 i SRfeR At @
IR # WITT & IRM TR WaT Yerarel ol R e @ Fwed Rl @ |

SRR #fee CwiRd fedlee™ & fRaw_®y (97) ids @ adam “afd yifdd didied afd g AMce” iR fdemm
o fafREeEl #§ AMe & e e B 1 " @ |l wfda dSwE et giu ames (e o @ 6 Srad
& I 3 YR Bict §iu &% 9 AT Afed 3 URed dIud | SART T8l 81 Ay | wHE AMes Sl AaeIdhargaR [dde
Al o S W @ 6 =AM 97 iR dIEvE & U™ 3 Ui 9 &H SR BT A1y | I8 Ale fhar o wahdl © o 59
qes @ forg 3 wfoerd SRR & T S 9% YT @ Yot # Siel & AeHe W SR B 8| AR, 3 geid @
[HA ¢ el GHIS B SRR 3 URId o Fel fd & alfth 339a 7em fdred @ a1g vy WR W 0aT 91 SRR
3 yfaerd 9 HE G 2 olfd SHET FeEAH Mate & 918 GICUd WR R 39aT A9 3 Hfoerd SR W A 2 7 | dfde
I T, I8 W4l gerdel o ReftRl a1 SH@r B atell Sl 9 Har Uerdel @ FRE & 91gd ' ad dRéT )
frgR & @xar 81 T I # WA TSl o Bfaug yRad R fRadl o wfiug yfiwdd ® iR wRe @ ka8
qe ¢ |

g7 D! ore S IRAI BAde H S dfererde SmeiRd gl g, SIilemR dfged_dIel @1 SUAIM d)e affd gufad 3 wfererd
UHIS B UgAM B S | GG R & oy 29 IUNH M Bl © 9 (G YRSl & [Gaq BT Jedihd B dlel
YRIeIqd T $1 A1 Pl 90 FRwId & oy 97 Hierd AT WY | I8 GAled e b b Ry o7 <gaw o7 ufewrd yors
3 Ut SRR 9 98k Fwred &Y Afe "egd S9 fad MuiRa dome o< aRar 2| 99 97 Wi W Wil U
SRR & Rgg § IR UM & A1 Yo AT &1 o $1 dlel URRd — U6 & A9 $ S & R4 AT oIl &
ST venfe faaRer srfq 90 uferd @ Refa # 2rar 81 wmiie oy & forg SRR doe @1 3 ufowd & w9 # faa
feaT ST Fa &, ST 6 ¥ TR wIfdd dIeE & forg axAe faftem A oo A w2

gafery, MRIERT 7 Rsg = 3 URTT AT Rag (07, 90) ¥ TS & forg Fome fad @t @1 A form 2| eaa! gRT 36 do1@
TRT AT ST o SRAAR <3 e bl <A 90 UfeId A 97 Ufererd Uarest #, faas Joprsi W e o S |

Tg e foar o W & 6 I Wl A, R &R SR 3 BRP, Biud WaT & § SR 3R JEeed A W
ORI BT IAY RE ¥ HiSAeAl IR AR Bl 8 | 7 &3 @ 3 WRI H Tedd Havel Mgeis davel & WU H &l Fabdll § AR
Tg AR el & Tl § TR 37 alSels Bavel # 7 39 918X AT & folv DicT §1 B TSN UGN & Tl & | 3Mgers
FIRG & AT A SR ARl # 3 & RO H g7 AT & H IR SRR oRT Refar # ar werenstt @ defed e @
forg a9y fooR 63 99 @ SReRa & Faddt & i 9 2 WRowId a1 3 R W el Bidt §U R B GeAN B B BRO ()
forTrr FrocTes @ w8 @ faeT xR SiR A &ai # Havel JeM @) T | U1 faey uRRefRIT @ AWel &% AMe 3R W
PIATE! BT S ol © AR TE P ¥ G o FT AWK Tl & Gl © | TR0 7 Rl 3@ 8 3R 9 W avaedl &
IR W GG B S Tl 2 |

T #H, MR 7 TATY R R G i & folg AR el 977 Tars TR W S did &R (SRHIRIR) $1 ST v §Y
YRR B & oy SRR Tfr 31 W o6 21 590 Ugh o aRaifad edd e b1 STl g aeR v & wR
i R N AR 7| (SRR & forg, <gAa 90 Wi et # <JAaw 90 feaw e # 2 wiowd SRR WM & ReR A1 S
SRR AT &1 81T & 1) SR Rk G el & o0 SRR T A0 -1 Bl © S9ioly, S9 Udl & foly I el a1 & H
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747

718

719

720

721

7.22

TG D RIS & A SRR F A WAEITd & IRE GRAT B £ | S RE, TDIS—KRY AGE AT & forg Iy
THIfda dICIe Aes bl Rl fobar T & SR gRfRad fdam S & 6 <gaw o7 ukiewd verel § =_[Aad 90 wiiw faw a7 3
YT SRAGTR A & SRIGR I7 JER SRR U fohar S1g iR SRR o ididieg & SR /1o fosam S g 2 |

3P ARG, BB 7 TUdy TR W AR HHGS FER R TN @ & (o0 a1 o qael 8g ead b e 6l
i B & (R foram | Sead o & forg ST Ui AMS! SR SoHe dem Sue oredr S AT # w2l
T ST A R # S & R 590 6 SRINR §9He S Ry = 2 U 3R ®gg = 3 IR 8| Tedd
VT 3R TT8e el 1 O & {0 deme Al fafFeT & IR, SRISR A6 3T Biedr, SR A6 [SEge Hor
@ folg 2% IR SRR TR fSRERM #oR & ot 3% iR W & oy Jeaia S/l AFel SITe SR W &R

Tl foadl @ W@ & 90 WiRI il ol WA b 97 YRR UPNS F MAS A 8 Al SRR F A S $Hb QUi B
TEAE] B, BT Cad & (TG HeAidh B IO & fog JFT SITQT |

yieRer 3 78 A foR forr & 5 SRieR Some &1 Tl TiE BT 9T | TegeR, SRR daMe ok Ao uRved |
TATHY H CIgedl gRT Uit W Wil (SSTEROMme 257, 36 31l 457) W wedd &I Fued SR aRe W& & forg e
TRl BT FHE AT SIQAT | S9iery, STH & T HhrRl B Hikd Siel Bl Uhd ead b AN B wU § qediied A
S/ fa S et 8, A1 g < Senfia) wged & <@ e

g e TRaT (TerTwg) & i Fell @ TR IR @ fog wieas Afd qaferdt <ael # AUCET @ fol doHe & Ry uee,
UK, Ugd IR YR, fORm U a1 HRI B 9% el © AR Sl UM &1 & forg ST f S @1 © |ihe Rafua diww
7 ACCTs HaT IRV & oY, SRR dSATercrs HaT T JIAT N1 UGH &l off J81 & o 3—1ed dl 31 DIRMGRI & foly SRR
T A IR & forg anfiet forg ST ol aft daet dfhe Raa sMrRa aR icd UG’ IR off W § df §0Fe &Ied # ded
TeI B IR & 3AMhe Seedl & forw ot foham S

Tl 3T W1 O AGel W WOl SfeT & aR # Heifel-ar R FRA1 SR ¥@ ARy, dfl, Wi a1 & R H Yebdt
Cqh T Y H I qAidd & T W R F fIOR % ol g

rfl, T Rerfty &1 wed @ 5 19 o verel & forg SRieR Sfer v fomel & it e @ forg Sueer 8 €11 SRR @ forg,
I% 39 Rfd 4 8 el & 99 dvw 39 ARl & 72 # Afieitd SR @ @ TS 8 A1 AR PR AU Blud d BRI
TR &9 W 98 B T 8 A A 7 A & forg Sfer o o F daiet U 9§ S o T 2| ¥ Al 8 wad 8
TR YIS gRI Hlfrd e aie fthe [l ORI feaw # g &1 a1 A O S9 oA SReIR A & &, S FiRa e foar o
T A AR 2 |

®. R amdl W R 8 ol R faw w5l 9 @ day 4 fRw fRuell &) ol @ @ U Ry Amel W
FRIATE! PR B foly ‘SRR DI’ BT SWINT foan Srgary o fo < & 18 arferat o qiag e

SRR IS g BRY AR JAOH
S e 1 & YepISS] Pl OISl @ HEd § 7 Bl 3INH fobar T o 7 ) &g febar 7T o
(DNE) IR 7 & T8 Jead ¥ SUARTGdet & Faref Jedd B 4N off |




[ 9 [-Tvs 4] A T TSI : STETHRO 31
R §E1RTT & SR AT JaTed d &M & HRU Jqar fhdl
TR o T TR & $RY BB Al & foly YISl UalerRd 781 of iR
AT # e © , , o , .
(NOP) A9 Fcad H SYINTRAR BT Wag el <F | 39 JuRer uRRerfar o
e €1
.. | Afe, Rl fafte fRaw & IRW vl wersl @ fov SRR @
T DScX A SUA el .
NAV R IReper & forv ufdr ufdw @1 el do-iie! TR & BRY gof Tal
( ) fobar o AT, Vel YISl gaTeRd o |
SRAR BT IREe .
, I, SRR & IRGeM § I8 9R orr & b IR w0 9 SRfleR
TTSIH eREERERI] _ _ -
9 BT URGeM el a1 S Iaar & R®ifd 8 i v § T2 7
(NDM) [T & Aa , .
_ 2@l IRl A i & JArTRl A 2 |
IS B

T YRR GRI-FH W R By Y ARl & A W SR Bie @ qal § URaeH, |eee Hal Al dR Hed ¢ |

T AR ¥ A 9 @ e 5 | gt SRR Ple BT SWIRT $RON SR aRRIfRIT & offwu T8l far o 8, e forg
39 Sfcaiad o man &, a1 e = e & afee 5, & Su—RFEHA (3) @ SFfaR A9 o Ja &

g, Reh g0 el ¥C (SRAIR) ufaftca srerar o1 Jea & ifiaferd SRR wfiftear a1 981 & arefrar 3= el A1 dle a1 ure
[ WA &, ol Alc 6 H (e SRR FIe & el 81l 8, B SUIe RUIC DI WG Tal [T AT SITGT,

3. gelie g & oy 9 SRASR i B qMlefdl & HW I TY AHell Afed SRR e A1 3R SRR Fiferd
A9 & AYEUS AU & fofY qed HHT SIGT |

9. SRR e A9 3R SRR @iferd 710 & IRFe & AT & foy afed gorsl @ SRR el o da aeii
@ Sl $ ARM AR A 3l SUHAg IHI T 8 TOFT B S,

723 Swadl 91 I8 YAREd a1 & forv & of oik e dra Sfer Suder @1, oo yonferat qem ufhamell &1 qHeaied $e
P JERHAT § | 3D AR, WRHRY o Jg ol forr fha fiTid o1 ofaeR 2017 & UTER € Y SRR 9 e
gt g # e, oy el 1 AU g 1 offieR a & forg vt W T B8R |

8 doe & AgUIe T HR W Y faeiy o

81 SRR foi Foce @ adM TReAT 39 STaURIT R STRd 21 8 & a1 ot fiffde SRfierR domier a1 q37 ol €
Tl | T, SIoadl B WRE P R fER T8 6T 9§ | §9 9ed H, W 03 Yes (ORI FocTee Ao 1 |Hiee 6
AT ST TS & il SRR bl SR e & Sy dRalg G Ol A Ue el & |

82 a1 YR 3R Iab WG g UM W Ry Focire ol WRe 4 qeeld o & Ua 4 T | A A RiwiRel off fb g e
frdert (e 10 & 15 UfORIT & o) & e Iecied W R e T 89 ity | we i, o 7 9% gema fu @
fo5 “facia frocmes @ < Swrael & waiam fod # 8 iR 9B ¥a1 <1 @ forg A @1 IRT A & Sewd B [
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83

84

85

86

BT | IS ki et & dag 3 98 9ofle &1 T8 o T R ieel], STH% 8, WEaR $c, AN & AFel, ardg! 9iR el
YIS, SUAGH WagH U], ST e i fafi=T BRIl @ aofe | J8 eI a1 S =aey | S2in ¥ 4 g foar i
a1 e & forg foxf Fecared @l ger fiar ST ey Rifh o Jed WRa & R aolR A agd 8 gl © iR
RAG—URRT U T foRee & wu H W1 2| A el oAl H e d guR < S @ e 2 3R 3 aR oRTR
A B oy JAfdRex seics oM & ver 3 e 2| Afe Soddl Hgd BRI H GdNT B 9 7 9] § ol d RIGS o
& UERR © | I I8 N fGUR § fF IR I Qo &1 Seotd B ¢ it STEdRl @ uh fdded € iR qeR ufdda S
a1 o AR a7d &, O Sved & fo 3 Rk Focire T8l e ey | e S fdva § o R e |
T e 9gr ok 7 & Ha1 i # R A H ANEH foha B | e, o 7 I i frecre & e e v

qiieRer 7 RAURST & Femai W e I o | 9y &, Wiex | B & A% § Ha—ue § gy GuR R 4 R f A
WHRIAS UCAHA O 86 0P Icadl & MURd & IR § STedd AR IRGRI oM 7o Ja—Joaar [ & foxdi
fIocaTE e 8 &1 BRY & | $9 JMld 3, i giU Tl AFGS Bl BISHR UEGRY | HaI—Toradl AMGs] |aell fedd & fory
Jemre & IR—oFguIer daell uRoTMl W MM 3 BT 9N @ &1 foi form & |

STRIRYT 1 T &7 IR G BN SR GREAR SR & JMd e § R M & foly TR | Bid $i0 AMeS &g
e I Foced dva uiRd @ &1 Pl form 81 weas @ fure fiffde SR Sl & fagem & aRwmr &
IR W Yes foi ot (e SRR fbam ST | §9 Taer &g Witiexer o Frree afed Ruc (@onerR) & Jedid bl
fem SMafidar Riq SRS SR W T@ &1 g forr 2| 3 @fd & forg vged &1 32 1 Tarst (257, 351 3iR 490) &
fory SfeT T e @R Tolgey &R R e Focare a1 IR fmn S |

IR gRT UG 1 ¥ WA U (i (Fomed MR SREaR fafFame midexer | & ded Witex @l yed
faRre @l &1 ST F9H < & | 9RO qREaR AR JitieRer sRRM JiieRer &1 7 a6 qoe a1 [
o RFREAT & Sudi B e GRRad v @ AR IeH aRdT ¥ degaR gl # wiitieRer 3 et gRT O e
YR dR & fory aFie SUR fby &1 oM, HaSRERl & Ha-UE Faed ded G 3 qRGY REaR A
it e Rure, Ja—Toraa wen Rl 3k IR REaR A ams miieRer fawenemd s icd & w9 § S @
frafa wu & qarn o %@ & | fodh, fffde Sa—ue doa! a1 g1 &% # SRl S8 el ¥l arel W kiR P
TN W 2 AR MR W R e & SRR § |dfa e @ aatie o aRar 2| wieR 1 SRR
demral & ey A A 57 S R BT SRRV SR R Al & | MR, SRISR deie & HHel H (IR w1 g
RIRT B IR & YD Tl & folY U ARI SUY & G A & T JG T F0RT foram |

oAl A1 U M SRR doma | O wed O & Sl 3R R Uhel BT MERY $- & foly U awiigd o & A
o2 ST %671 & U@ AR <iead SoHe B [R/T el IRl @ Al SRR d9H W & 2% fduer & forg, fki ufdes 4 1 @R wug
W 98 ol © | Befifeh, R UL FMAR FARK H q9Hd $T U8 Soeied & a SRR IRMIeX & Rael The! & forg Ui org
TUY P BIUT & ol &, TR JaHd & Iecied $T IR [OAIE! H Bl &, al Thel &1 IR 1.5 & o7 & 96 [l 8, wiaich
UF BRE oIy 2 & 0 § 96 Fahell & 3R Jg oNTIR & 4 37fe fmrfeai 4 2 |

THS! @ UET BT U IR @ foly, SRRV & forg Al Refier eaw_dewdr (90, 90) WUGUS @ Wdy H gl oMl # W
YRT 1 UG 3.5 TR &, A <3 Uhel U ARd BT B | Al # HeE O Al H 5.5 UfrRid @1l <7 vhel 1.5 T @
2 G Y AN 3 G WU BRMT | S0 ORE, Aol § ORI foerel  vee 7 vfoerd o thel < &1 AR R R s S0y 6
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8.7

9.1

92

9.3

ARG H TIerdT & JTAR <7 BN & | 9 e, AR Ul fodrel 4 e &1 a1 Jerdl ol Y3 -eda_agad (o7 90) & Hag o
4.7 IR &, T <0 Thel U @R $UY < B | A g QAT | Hew 6 Wied & Al <F UHS! 2 @ 9UY @l 1.5 A I 3
ARg H BT | T e M R # ped 8 ufderd &1 o twel < Q1 AR IR PR orfd wue 6 ARg 2R | Eeifes, a1 @
el SUY M| AFD] & HYh Scete B (oY T THIE! H 10 ARI JUY FT BT &, Thel, T [ & Seotd & forg < aMr
AUEST G foly AYh BUY 10 ARG W A febar S |

WEE U H I8 URAIAd o fh War @ Urad AMeve qul d9We Srefiel smiRa (oo 3%/ 43l /deeRqy) den
S ITAN B TS Wil 1 e /T ST Ay dR ST A S ARy | Aeeie W @ SR et
Al ST T I WEl < A8 GG A1 o b ead Sucterd, Ugd (VIUHUHIR), IRV (i §U &) 9 T
T Wenfial aiferd B9 Ry w9 @ & 9 <w # dfow War Suerer el €1 JMEER—< @ RwiRer @ Sit102s,
45 AEIEA Aead W AE TG WA B HAWIW W ofd” STANGAl dd U] Bl URMING dRaT B | aEe H 3l
CqB] B 26l & WA Icdd G AMGS qUT TG 8, Wid I9d AMGS B AW (el A & ad © aifl, 4 il
a1 Jaril & forg fafrdl # g 9HM Aes ffdd el by v 2| AR REAR AamE miReRer | g9 qEd )
a1 yerasl F T @ o qur gRUTRERY ARG REaR e wiReRer | 4oh daRi @ fog 9w Aede @
YT BT o | T W AT el $9 AMGs) ool d9Hel R ¥ gU & | deguR, RGN GREdR e
TR o 3 fafrrl # 450 wawit & fog Aeee qen dwe fafed v 21 88 IR & AfaRed weaa iR
SUHIGT a1 T[UTa A fUeel fafem & ofed e de Aie[eT Uhe! R R |

eI # Piel U T BT 1B, TCId gRT UK &1 T8 ISR W a7 S1ar 2 | 9 S 31 qA1q 98 B S g
9 a7 Bid B UrE U6 ga- fffde 'R 9 TR R 9 arafas oRkaw O aRRefoal 8 w@dl & S arE
i # fRMae T BF T & fog 81 iR SR WwT 3 81 ISERY B foly 99 SWANTHhdr Tetlder (forwe) & iR
3R 9TER ofT ¥ET &, fhell R | YoR V& &, A1l | U IRGT H SUANTHAl dl qore § FR1Ge BT A9d B WY I8
AT BH T G foIg BRI | AT redrafy & fog amarel @ qorae # fiRmae del & 91 § wesiir ol ufhar & IRM
A 81 et & | o # RT3 3@ A eaw & ITAN & aRgw WA FeR 8 et § SeeRw @ forg args
URET der T gl YRAT Wl qT el Wl dedad | Ridl ¥ gud wRi R A o8 o w6 7 | S UaR,
Feqa RiTel ol Torae § fRmae @ safy § o fi=rar o S wad 2 |

AT Tead BT W IRSE W fAued & forg qem yomel # ardenus g awe & forg fewe foran @ & R gurw
TCad & TN & URSYI T Aedd Il gurd uael # uRRefR @ fued & fog oRadta Amds @ Awm | e
T & | SNYHUH gomel) ¥, fSA—{ofp—<Igq 38T A $1 edd gRI §41Y @1 o |abdl & a1 FAIRG foban o Jaell @
e sigaen fiffdedel grr g TRWINT FReX T8 @1 IR fhar o9& sear O 3R9 frar o9& | fodt
PARM B AT g Tl TARRICS $gidl od (THURITE) & d8ar R TRE OE & gy Hrock TH Bl
JCRIT 312aT ISHIT I Wehell & | 914 $ISck ‘TH' I A Y & Sl & al AT FeH TR) @R Y 91 & |

ITRITH Gorell H, A Piel $R alel U AdIgel WA (TACH) U AT foiep Brocy @l $ e €, FOR1 A foid
B U BT GARET B D fofU IYAN fbar Sl 2 | ST o ISy &1 SWN drid & A dag (O a1
I BT g8 PR B (oY N ITANT AT S FHhal §) Tl TS Dl oer (TAUAIITTE) Bl T[Tl Bl A &
forg foar S g1 did & URW H, feallaR @ d1 I-RTe @ qwE, e fofd dRer w6 @I dead uRMivd
fea foid Sfg aifSe (MRUEd)) A1 o TR T ST 2 | Uid /19 TN &ife & 9eend UF H 1 A gel i
ST B | YD AT AN i B UTAq U4 B 2 A W 98T ol ST & (QIRTer) o ftiedw AF) | afe e
I 3 Rfd TR &1 1, o WSl wiid @ FIT T 99 T $1 AN GHid q9 () & GA 8l gReme:
ST fofds HTISCR FAIG &1 S| 39 °eAT I ST folds Bl (SIRUATH) Fgd € a1 39 I7 SUGRY ¢fhd ot
B SYIRT AT §8 PR ST 81 3 TN o BROT A foid Bferm &1 oiar 8 9 & (@) M WA At
SUSTH (STERV & foly e Ae—d & exaeld & BRYI), (W) Tcdd ARTATS | 999 & ol THT F gSMaR 6 el
TE WAOIT & AT JAdfeidr gAY iR /Jfer forfiie oif WRefad) (T TRy STl & FRoT) Haell R |




34

THE GAZETTE OF INDIA : EXTRAORDINARY [PART III—SEC. 4]

94

9.5

9.6

97

10.1

10.2

10.3

U Wl W8l el davel ¥ G § ST U el # et goe- R W e g e 2, dvad Suded wu 9 g9
HFCUS $T 9¢1 Ghdl © difd araeid bl NI X&d @ GUIGT B 9817 o T | §9 AMSUS Bl IH=Id: 85— e,
3~ v, AT & @ SR R RS fhar Sar €1 S1efd QIRUAC A @l AHad: edd & MR W fAuiRa
T R, 590 forg wod A FeiRa by O @ Sudiadr # eridly @ €1 wadr € | $9el e # v g, RewRat @
A4 AT 6y U I fh FAT IRYI! AFEvE T ARCRIG fhar S anfey srerar 2 iR AIRUAC HM @ BN ARy |

AAAS WE & IRM, AT RS - I8 GeIa far o1 & FRuare] = Terers fausia aRRerfiral &1 |mr
B B U o gRI I AEst § @ e I Auds © 3R §9 UeR I8 dvedl & 9akW fid # dE
ORGSR a1 Y& &R & (70 370 Siead! Bl 3 a8 @ & (oY 39 bl A Rifamaer) e & eater 3
qEX TG AT IR | T, QTRYACT & forg gtea™ A1 @ el fhy 9 & qema wa gy o |

HIRS (T &) @ eF H 36 W 48 X@H & ©U H GRIRG fHaT T €, B SIG Bt & MR @ el (e
&) & forg 20 | 32 T f R £ TAT AR Bl B AT (AIZHT A Tl &) H 4 16 b 419 H W O B
w0 # g o a7 8| RGN AR ffame iieRer | WaT UeTanei W0 ¥ 16, 16 W 32, 32 W 48 T 48 W
64 @1 AT H IRTAS! A ATl Al & ART U 51 o7 | 9 s T faTewT ol W I8 <@ T & Siferarer Al
 FRUAC A 32 W 48 & 919 7| TN, VW B AWl 9 el ARVSAC! A 48 W 64 DI A1 B I o |

e H FJUYE ®U W ST ARVAC A W A9 P Bl @d THI W °CAT U & B dagle M Dl giu T8l
B | O AE! #, STARTiT gRT 9 Bl B BiedT Ul & Foid Bl B 98 BRI B G B AR T8 Bt
S0 & w9 # Yoligd T8l arf, Tefh aRafdd wU 4§ did $10 off | HIANS © F $ Al IRYeC] AFGSl G cad H
Bl 10 B X PN $H A S oIy GOUANT BT O Fabell € WY 39 a1 DI HH GG ¢ b Bl A1 Far yardr Gl
TEi BT AU b $OI Aeqd $1 (e A W B & | 39S Ao, TAGR I8 AeqH IRl & [ JRYA] $
ferl faRree A1 @1 ARG fFU S @ FI3 SMawdar 781 € Fifd o7 W Fcgd ¥ Jguded I § Sed AR A
R B A B G Jomel S avdedr el 8| b 39 e @ Sed Al & DRV TR YD FHd 8 Wl g,
gafog TIRIeRYT o U9 IR B WAl SRl g1 RUfET &AM 9 aRudc! qedi @ fofv 48 9 3fdid RmaR OF
f&al & oy & forg Hiffer dvl @t fofy fora 2 |

Bl $17 R B NG PR B oY Bt & &R & Rad (IIR) Fer Sher a1 Sy

PR (@l & @R & Raers) o1 foe e Iuuiedr IuanT Fadl THeR! Jedm &Raw &, 9 Bid $19 31 & Jedidd
X B fory TFGRT a1 faRad A & ad 2| W — o 3 UgaM a1 B o /A B JURd dRar )
iR ey & fieR B Ay & WK & favelyor & R el ver & IR—IR i I T3 & I8 AT BY Tl
g b 9T 9ead gRT Bl S @I O W& 2| WSRR & Sfel & fAvelyor J GHIfdd il S &1 e & ggar
TG BT AHAT B |

fedurat @1 giewr

@) R gk & SR Wl HaT YRt &1 Ad o & e $Ie’ @1 Ugd d YEdia]y a8 4 Jedd & B §Y

&, SferaT JUHIGTT & PRV §U &l 310aT IUGRY & SROT §Y 8, TSR § AT TP ¥ I8 G4 T8l © | 39T,
AR HeT <feT BT ITAN IR Bt U B < G URGAT el [hal o e 2 |

(@ TP USipd SUHIE WIS 1 I8 G e of b WERR Sfer ugfy aid &1 uRded &R & v dad U o

U €1 8 7 fWIed &1 719 $Re & forg g gRemE § W {99 W9 GRuM W gl €41 ST A1y |

IR o, fETUR® & Gea!vl & &I H & §¢ a1 §9 Je @I oid PR I8 IR 6 AR & 9N & w9 4 U
feoy 7T B Fre’ W Tead @ Refa ¥ HRa fafme FrRol &1 @ikt 8 oM Sl qon AR § ura fhy MU
Pre & AEFH U A Tcad W W FeApA & G IR e 9gd @ve il @ 9 g8 4t fafe ReeR
SUGRYT faparelt # I drRaaT g I8 ff A fhur T 6 AR @7 A9 Bfd S @ \HIeET @ 37T dxar
§ R AR & MR W 591 (Y Tl Febrell S Gabdl © | I8 ISR GaeT UST $7 dTel & & Jga™ $ed
TN AT G B W ID! Wf1d SR § AR A &1 Gl & | 30 e, Gfd HSRIR Hid a1 Taed Fav




[9 [IT-Evs 4] XA <kl TSI ¢ STHTERIT 35

111

@ ART I U 2, $9 ST el 9 YOR W fIveim § SREAR Gedshieas] ol o & ¥l &I 4 @1 87 | §9
RN & Ferdore WIGRoT + foRve QoiRRal /|eal & HaTg U ) §9 §e BT T favelyor ded di ISR el el
fageryor &) ITNAIAT T BRI @) FaeRdl R fIaR &+ &1 i for |

N :
YISl @ SFHE I UG ST AT

SUHIFI S A B IOTaT BT AT BT U fadhed Ig 81 FHAl © b SUHIGT §RT ST AFHd a1 T & I SR
R G ARG $RAT| aT S IO B Haeg H U {HY TQ FFHT BT ITAIGAT FaETUT §RT TAT Wl UGWIT & e
gNT Ielid fooam o wahar & | f=T e Wafdd Aesl &1 ST 9) "edd WAl Ui qadih (TTOHaITS)
IR&e B o FaHdT & | S YBR, STHIad HaT [orE qadid (HUHaRETs) B IRGAT TG drald AuES oM
IR Ug 3R Wi-Us g favadiaar & AR &rar don [ @x; [T/ mR 4 g Rerd afe ) gd <o
IRefd e o1 9@ar g1 ¥ UPR, SWE WOEOi & AW W IuMEdl wgedl dee O gadid
(TECHTaTE) FT IR foam ST e 2 |

TRA §1 - qEed 1 SR 79 [0 ardie W ARG e AEe W AegeR AEigd Wdl UKl @
fwIIeT &1 qeled $R T UJP AUGS Bl /&R A o & (oY a1 S Tl © (g S A =i ura fom S
g, 1 99 Aes B 10 fig W Whie geM fby WG| Auds &1 e d9He 9 T EF W FUEd & ®R @ 3R
R U6 S HH R QA1 SN ) TGIR, T AGs] & Y G Uil & Sie A1 TG §7@1 ITAN Bd gV
TG ST qaHid (SITaers) & IREe fhar o waar 2 |

THNTE, ITANGA! & FAGER AT ICdd & dRIGD (TG BT FIH $AT &, Abrid] OTad JJHa T HaT Jorax
I BT THH WA fBaT T § 1S ITHIE & TG | Aead YRG! T Har Ut § We e o 6 |
e Aa AR ®f Jedd & aRdfdd e & qelidd dxd & ford N wifid B AT g | g6 aRded
B B foly o8 IRITE FRES — ITHIGAT B YA, A & |y ¥ A, Tdhela] Urae FTHd; SuIadl Faedr,
aT B O B Hag H IFGWa; ST (T qeT deeie Aol @ uRAifia 6T S @ srawed ¢ |

ST W JAHS B SHNAAT, RS @1 IR, Teed uRadia dRS i IR 6 ST &1 snawaedT &
AT ST URer 69 JPHR a1 S &, & weer § fRaeRae! & #d urd T o

fequRa! & 7T

RS B Ui & SR AT YTl qT S Wl G A7 b d B [T (Fg3ie) fvamRe € e S
BT AR & ITIOU IAd] Gl & AT MBI BRI SAFTddl Jfaare, WS, gwa anfe gRT ywifad &im & ok
SalcTY ST AU el fbar ST =iy |

TR GREAR RIS JIReReT & |1 Uoligd U SUdadl G069 Gl fh TAUHagane &l 30 e HIvaayss
BT 40 RO T WCHCHIGIE B 30 UM A & WRI AT B UG B URded AT A WHAT 7 IR
HITHRIEIATE BT ¥ F B el 2 991 G I & AR TR IR e TId a7 T B AR 2 | T AR Fea
T g o1 o SIodl §RT SUNHIGAIRT & A S U FT AU PR B fol¢ U R $T STANT AT S e @
4fs g dvad) B WEER) W I &R § ACQUR BN ogHd B OTe BT A1 B @ forg e Sweel @
|l WS G I ATE Tl &l Sl & b puleng & ey § S [GUR [TRIRS &l ¢ |

giereRel 4 foquRe! @ ghedr W faaR fFar dor g8 W deifie] wiew™ $1 ST a) Heqd dRdl & o
UM BT WS AT S |ab dAT SUHIGRTIS gRT 319d B oI & wag H Uifhal U &I o e q SHel
TR BT o 69 | §9 |y # IR qReaR [fame w4 gd & 6 7 9Rdy REaR fafams witese
T B U0 B ARA (BT & e A @ SwEdr aidl @ ST @R Wad § | W 8 I8 T biel I U @l
HUfRT PR Al & T AR REAR (A MR Bl 99 abdl & | ISTAIGal S FHichd SieT Jodl $Ral ol
T & AlMh 4 AAT—3IeRT Hal USRI & -cqd &I Jora] $I Tl | |




36

THE GAZETTE OF INDIA : EXTRAORDINARY [PART III—SEC. 4]

TELECOM REGULATORY AUTHORITY OF INDIA
NOTIFICATION

New Delhi, the 18th August, 2017

THE STANDARDS OF QUALITY OF SERVICE OF BASIC TELEPHONE SERVICE (WIRELINE) AND
CELLULAR MOBILE TELEPHONE SERVICE (FIFTH AMENDMENT) REGULATIONS, 2017 (4 of 2017)

F. No. 304-2/2016-QoS.—In exercise of the powers conferred upon it under section 36, read with sub-clauses

(1) and (v) of clause (b) of sub-section (1) of section 11, of the Telecom Regulatory Authority of India Act 1997 (24 of

1997), the Telecom Regulatory Authority of India hereby makes the following regulations further to amend the

Standards of Quality of Service of Basic Telephone Service (wireline) and Cellular Mobile Telephone Service

Regulations, 2009 (7 of 2009), namely: -

1.

(1) These regulations may be called the Standards of Quality of Service of Basic Telephone Service (wireline)

and Cellular Mobile Telephone Service (Fifth Amendment) Regulations, 2017 (4 of 2017);
(2) They shall come into force with effect from the 1st day of October 2017.

In sub-regulation (3) of regulation 1 of the Standards of Quality of Service Basic Telephone Service (wireline) and
Cellular Mobile Telephone Service Regulations, 2009 (7 of 2009) (hereinafter referred to as the principal

regulations), after clause (iii), the following clause shall be inserted:-
"(iv) Access Services authorized under Unified License (UL)";
In sub-regulation (1) of regulation 2 of the principal regulations,
(a) after clause (a), the following clause shall be inserted:-
"(aa) Access Services Authorization under Unified License (UL)

(i) means collection, carriage, transmission and delivery of voice and/or non-voice messages over

Licensee's network in the designated Service Area.

(ii)  The Licensee can also provide Internet Telephony, Internet Services including IPTV, Broadband

Services and triple play i.e. voice, video and data.

(iii)  While providing Internet Telephony service, the Licensee may interconnect Internet Telephony
network with PSTN/PLMN/GMPCS network. The Licensee may provide access service, which
could be on wireline and / or wireless media with full mobility, limited mobility and fixed wireless

access’”’;
(b) after clause (b), the following clause shall be inserted:-

"(ba)"Base Station'' or '"BS' means a network element in a radio access network that is responsible for
radio transmission and reception in one or more Cells to or from the user equipment and it includes BTS,

Node B and eNode B;

(bb) "Base Transceiver Station' or "BTS'" means a Base Station in a GSM or CDMA based radio access

network technology";

(c) for clause (d), the following shall be substituted:-
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"(d) "Cell" means an area of radio coverage identified by a Cell Global Identity or CGI";
(d) after clause (e), the following clauses shall be inserted:-

"(ea) "Cell Identity' or "CI'" means identity of a cell which is unique within a Location Area(LA) or a

Tracking Area (TA)”;

(eb) "Cell Global Identity' or "CGI'" means the Globally Unique Identification of a cell and is the
concatenation of the Mobile Country Code (MCC), Mobile Network Code (MNC), Location Area
Code(LAC) or Tracking Area Code (TAC) and the Cell Identity (CI)”;

(ec) "Cell_Q(t)" or "Cell Quality of Service Performance Measure for DCR Parameter'' means the
t" percentile value in the set of DCR values corresponding to a Cell observed during the assessment

period”;

(ed) "Cell_Q(90)" means Cell_Q(t) with t=90 and indicates the 90th percentile DCR value in the set of

DCR values observed for a Cell in the assessment period;

Explanation: If a Cell was operating for ninety days during an assessment period and computed DCR
values were available for all these ninety days then arranging these ninety DCR values in ascending
order and finding 90" percentile DCR value for that Cell would point to 81% DCR value (counted from
lowest to highest DCR value). This Cell_Q(90) DCR value will be the representative DCR value for

calculation of Spatial Distribution Measure of that Cell during that assessment period";
(e) sub-clause (iv) of clause (f) shall be substituted by the following:-

"(iv) includes any service provided through Global System for Mobile Communications (GSM), Code
Division Multiple Access (CDMA), Wideband CDMA based Universal Terrestrial Radio Access
Network (UTRAN), Evolved Universal Terrestrial Radio Access Network (E-UTRAN) based on Long
Term Evolution (LTE) technologies and any other technologies permitted under the CMTS or UASL or
UL";

(f) after clause (h), the following clauses shall be inserted:-

"(ha)"Day_Q(s)" or '"Network Quality of Service Performance Measure on a Day for DCR
Parameter" means the s percentile DCR value in the set of DCR values of all cells of the network on

a particular day;

(hb) "Day_Q(97)" means Day_Q(s) with s=97 and indicates the 97 percentile DCR value in the set of

DCR values of all Cells of the network on a particular day;

Explanation: If ten thousand cells were operating in a network on a particular day and computed DCR
values were available for all these ten thousand cells then arranging these ten thousand DCR values in
ascending order and finding the 97" percentile DCR value would point to the 9700" DCR value
(counted from lowest to highest). This Day_Q(97) value will be the representative DCR value for

calculation of Temporal Distribution Measure of the network on that day;

(hc) "Drop Call Rate" or "DCR" means the percentage of voice calls which once having been

established are interrupted prior to their normal completion;
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(hd) "eNode B" or "evolved Node B' or "eNB' means a Base Station that acts as a logical node in
Evolved Universal Terrestrial Radio Access Network (E-UTRAN) based on Long Term Evolution
(LTE) technology";

(g) after clause (j), the following clause shall be inserted:-

"(ja) "Location Area" or "LA'" means an area in which a mobile station may move freely without
updating the Visitor Location Register (VLR) and includes one or several cells in GSM or CDMA or
UTRAN Network;

(jb) "Location Area Code'" or "LAC'" means a number of fixed length identification number (of 2

octets) used for identifying a Location Area (LA) within a Public Land Mobile Network (PLMN)";
(h) clause (la) shall be substituted by the following:-

"""Node B'' means a Base Station that acts as a logical node in a Universal Terrestrial Access Network

(UTRAN) based on Wideband CDMA (WCDMA) technology";
(1) after clause (la), the following clause shall be inserted:-

"(Ib) '"Network_Qsp(s,t)"" or "Network Quality of Service (QoS) DCR Spatial Distribution
Measure'" means the s percentile value in the set of Cell_Q(t) values for all cells in a network during

the assessment period;

Explanation: Network_Qgp(s,t) is a representative DCR spatial distribution value for the entire network
during the assessment period and indicates that Cell_Q(t) value of at-least s% of the cells were equal to

or lower than the Network_Qgp(s,t) value;

(Ic)"Network_Qgp(90,90)" means Network_Qsp(s,t) with s=90 and t=90, and indicates 90™ percentile

value of Cell_Q(90) values of all cells in the network;

Explanation: Network_Qsp(90,90) value is a representative DCR spatial distribution value for the entire
network during the assessment period indicating that Cell_Q(90) value for at-least 90% of the Cells
were equal to or lower than the Network_Qsp(90,90) value. For example, if a network was operating
with ten thousand cells on ninety days during the assessment period then Network_Qgp(90,90) value

will be the 90" percentile Cell_Q(90) value out of the available ten thousand Cell_Q(90) values;

(1d) "Network_Qrp(s,t)"" or "Network Quality of Service(QoS) DCR Temporal Distribution
Measure'" means the t" percentile value in the set of Day_Q(s) values for a network on all days in the

assessment period;

Explanation: Network_Qrp(s,t) is a representative DCR temporal distribution value for the entire
network during the assessment period which indicates that the Day_Q(s) value for at-least t% of the

days during the assessment period were equal to or lower than the Network_Qrp(s,t) value;

(le) "Network_Qrp(97,90)" means Network_Qrp(s,t) with s=97 and t=90, it indicates 90" percentile

value of Day_Q(97) values of network on all days in the assessment period;

Explanation: Network_Qp(97,90) is a representative DCR temporal distribution value for the entire
network during the assessment period indicating that the Day_Q(97) values of the network for at-least

90% of the days of the assessment periodwere equal to or lower than the Network_Qrp(97,90) value.
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For example, if a network was operating with ten thousand cells for ninety days during the assessment
period, then the Network_Qrp(97,90) value will be the 90" percentile Day_Q(97) value out of available
ninety Day_Q(97) values;

"(1f)" n™ Percentile" or ''n™ Percentile Value'' means the smallest data value in a given data set with

the property that n% of the data values in that data set are less than or equal to it.

Explanation: Percentile is a measure of relative standing of an observation within the data set, for
example, if 90" percentile value is to be calculated in a data set of 200 DCR values each falling in the
interval from 0 to 100 (in percent), then it would point to DCR value at 180" position (90% of 200),
when all 200 DCR values are arranged in ascending order and say it is 3.45% (DCR value) in this
example. The 3.45% DCR value will be the smallest DCR value in the given set of 200 DCR values
with the property that 90% of the DCR values in this set i.e. DCR values from position 1 to 179 in set of
values arranged in ascending order, are less than or equal to it. If the data set has many data values in the
given data set with 3.45% DCR value, then 90th percentile would point to all such DCR values. In case,

n% of the data values comes out to be a number with fraction then rounded up number shall be used.”
(j) after clause (m), the following clause shall be inserted:-

"(ma) "Evolved-Universal Terrestrial Radio Access Network (E-UTRAN) Radio Access Bearer"
or "E-RAB" means a user plane connection between User Equipment (UE) and Serving Gateway

(SGW) in the LTE based technology;"
(k) after sub-clause (rb), the following clause shall be inserted:-

"(rba)''Radio Link Timeout' or '"RLT" means the Radio Link Timeout value broadcast by the GSM

based radio access networks to initialize 'S' counter";
(1) after clause (u), the following clause shall be inserted:-

"(ua) "Tracking Area" or "TA'" means an area in which a mobile station may move freely without
updating the Mobile Management Entity (MME) and includes one or several cells of Evolved Universal
Terrestrial Radio Access Network (E-UTRAN);

(ub) "Tracking Area Code'" or "TAC'" means a fixed length identification number (of 2 octets) used

for identifying a Tracking Area within a Public Land Mobile Network (PLMN)”*;
(m) after clause (y), the following clause shall be inserted:-

(z) "Voice over LTE'" or "VoLTE' means voice call established, maintained and released using IP

(Internet Protocol) Multi-Media Sub-System (IMS)."

4. In sub-regulation (1) of regulation 5 of the principal regulations, in the table, the column headings and entries in
Serial Number A, Network Service Quality Parameters shall be substituted by the following column headings and

entries:-
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Serial Name of Parameter Benchmark Method and Assessment
Number period
A Network Service Quality Parameters:
@) Network Availability
(a) Base Station Accumulated downtime (not 2o On average basis over a
<2%
available for service) period of one quarter
(b) Worst affected Base Station due to 2o On average basis over a
<2%
downtime period of one quarter
(i) Connection Establishment (Accessibility)
(a) Call Set-up Success Rate and Session On average basis over a
Establishment Success Rate for Circuit period of one quarter
>95%

Switched Voice or VoLTE as applicable

(within licensee's own network)

(b) SDCCHY/ Paging Channel Congestion / 1% On average basis over a
<1%

RRC Congestion period of one quarter

(c) TCH, RAB and E-RAB Congestion <2% On average basis over a

period of one quarter

(ii) Connection Maintenance (Retainability)

(a) Network QoS DCR Spatial Distribution " On percentile basis over
<2%

Measure [Network_Qsp(90,90)] a period of one quarter
(b) Network QoS DCR Temporal Distribution | <3% On percentile basis over
Measure [Network_Qrp(97,90)] a period of one quarter
(c) connections with good voice quality, On average basis over a
Circuit Switched Voice Quality and Voice >95% period of one quarter
over LTE (VoLTE) quality

@iv) Point of Interconnection (POI) Congestion (on | <0.5% On average basis over a
individual POI) period of one quarter

5. In sub-regulation (1) of regulation 5 of the principal regulations, below the table, the following shall be inserted-

NOTE-1: The performance against benchmarks for the parameters listed under (i), (ii) and (iii) in the table shall be
computed for all the cells, which are being used to provide Circuit Switched Voice or VoLTE service, in the License

Service Area (LSA) in which a service provider is operating;

Explanation: In case, VOLTE service is provided by the service provider then DCR values for the cells of the eNodeBs

will be included for the parameters listed under (iii) in the table and if only Circuit Switch based voice calls are provided
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then cells in the eNode Bs will not be included for the assessment purposes of parameter under (iii) in the table;

NOTE-2: All DCR values for the assessment period shall be considered for Percentile value computation for the
parameter listed under (iii) (a) and (iii) (b) in the table except the cases enumerated in the table for list of 'DCR Codes

(DC)' given in Note 5;

NOTE-3: DCR values of each cells for the computation of parameter listed under (iii) (a) and (iii) (b) of the table shall

be computed, up to two decimal places, during Cell Bouncing Busy Hour;

NOTE-4: Blank DCR entries or entries filled with any value other than computed DCR value or entries filled with any

code or text other than DCR codes specified in Note 5, shall be considered as non-submission of compliance report;

NOTE-5: DCR codes as given below in the table shall be used for the reasons and circumstances corresponding to the

codes:

DCR Stands for Reason or circumstances
Code
DNE Does Not Exist The cell was either not commissioned or de-commissioned in the middle

of the assessment period and was not part of the network to serve the

users in the network.

NOP Not Operational The cell was not in operation either due to planned shut down or force
majeure condition or technical problem and thus not able to serve the

users in the network.

NAV counter values | If the requisite counter values for computation of DCR for a Cell on a
Not Available particular day could not be captured due to technical glitch although the

cell was operational.

NDM computation  of | In case, DCR values are indeterminate or computed value is irrelevant
DCR Not | for the purpose of assessment
Determinable or

irrelevant

NOTE-6: Authority may further add, modify or delete the list of DCR Codes, through directions issued from time to

time;

NOTE-7: Usage of DCR codes for reasons and circumstances other than that as specified in Note 5 shall be treated as

violation in terms of sub-regulation (3) of Regulation 5 of the principal regulations.
6. Inregulation SA of the principal regulations,-----

(a) in sub regulation (1), after the words, characters and number "regulation (5)”, the following shall be

inserted:-

(1) , other than the DCR related parameters i.e. Network_Qsp(90,90) and Network_Qrp(97,90);"
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(b)

after sub-regulation (1), the following sub-regulations shall be inserted:-

"(la) If a cellular mobile telephone service provider fails to meet the benchmark for the parameter
‘Network_Qsp(90,90)’, specified under sub-regulation (1) of regulation (5), it shall without prejudice to the
terms and conditions of its license, or the Act or rules or regulations or orders made, or directions issued
thereunder, be liable to pay an amount, by way of financial disincentive, as given in the table below, for the

contravention, reported by the service provider in its quarterly report:

Amount of Financial Disincentives in
Value of Network_Qgp (90,90) in quarterly report
rupees

More than 2% but not exceeding 4% not exceeding One lakh

More than 4% but not exceeding 6% not exceeding Two lakhs

More than 6% but not exceeding 8%

not exceeding Three lakhs

More than 8% but not exceeding 10%

not exceeding Four lakhs

More than 10%

not exceeding Five lakhs

Provided that if the service provider fails to meet the benchmark consecutively in two or more subsequent
quarters, he shall be liable to pay, by way of financial disincentive, an amount not exceeding one and half
times of financial disincentive payable, for the consecutive contravention and not exceeding twice the
financial disincentive liable to be paid as specified in the table above for each consecutive contravention

occurring thereafter:

Provided also that no order for payment of any amount by way of financial disincentive shall be made by
the Authority unless the cellular mobile telephone service provider has been given a reasonable opportunity

by representing against the contravention of the regulation observed by the Authority.

(1b) If a cellular mobile telephone service provider fails to meet the benchmark for the parameter
‘Network_Q1p(97,90)’°, specified under sub-regulation (1) of regulation (5), it shall without prejudice to the
terms and conditions of its license, or the Act or rules or regulations or orders made, or directions issued
there under, be liable to pay an amount, by way of financial disincentive, as given in the table below, for the

first contravention, reported by the service provider in its quarterly report:

Value of Network_Qrp (97,90) in quarterly report Amount of Financial Disincentives in

rupees

More than 3% but not exceeding 5% not exceeding One lakh

More than 5% but not exceeding 7% not exceeding Two lakhs

More than 7% but not exceeding 9%

not exceeding Three lakhs

More than 9% but not exceeding 11%

not exceeding Four lakhs

More than 11%

not exceeding Five lakhs

Provided that if the service provider fails to meet the benchmark consecutively in two or more subsequent

quarters, he shall be liable to pay, by way of financial disincentive, an amount not exceeding one and half
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(Ic)

(1d)

times of financial disincentive payable, for the consecutive contravention and not exceeding twice the
financial disincentive, liable to be paid as specified in the table above, for each consecutive contravention

occurring thereafter:

Provided also that no order for payment of any amount by way of financial disincentive shall be made by
the Authority unless the cellular mobile telephone service provider has been given a reasonable opportunity

by representing against the contravention of the regulation observed by the Authority.

The total amount payable as financial disincentives, under sub-regulation (la) and (1b), shall not exceed

rupees ten lakhs, in a quarter.

The Authority may, impose a lower amount of financial disincentive than the amount of financial
disincentive payable as per the provisions in sub-regulation (1a) or (1b) or (1c), as the case may be; where it

finds merit in the reasons furnished by the service providers:

Provided that the decision of the Authority in such circumstances shall be final and binding on the service

providers.”

7. In sub-regulation (1) of regulation 6 of the principal regulations, -----

in the table, the following numbers, words, characters shall be inserted:-

Serial Number Name of Parameter Benchmark

2

Radio Link Timeout (RLT) 4 to 64

(a) after sub-regulation (6), the following sub-regulation shall be inserted:-

“(6a) The service provider shall keep records of those BTS with their locations, which were configured with
Radio Link Timeout (RLT) values equal to or higher than 48 for a period of more than 3 consecutive days.
Service provider shall maintain the records of valid reasons or justification for keeping RLT equal to or
more than 48 for each Cell of BTS and provide it to the Authority or its authorized agency or representative,

on demand, for verifications”.
SUNIL KUMAR GUPTA, Secy. (In-charge)

[ADVT.-1II/4/Exty./192/17]

Note.1. —The principal regulations were published in the Gazette of India, Extraordinary, Part III, Section 4 dated the
20th March, 2009 vide notification No. 305-25/2008-QoS dated the 20th March, 2009.

Note.2. —The principal regulations were amended by issuing the Standards of Quality of Service of Basic Telephone

Service (Wireline) and Cellular Mobile Telephone Service (Amendment) Regulations, 2012 (10 of 2012) dated the 7th

May, 2012.

Note.3. —The principal regulations were further amended by issuing the Standards of Quality of Service of Basic

Telephone Service (Wireline) and Cellular Mobile Telephone Service (Second Amendment) Regulations, 2012 (24 of
2012) dated the 8th November, 2012.

Note.4. —The principal regulations were further amended by issuing the Standards of Quality of Service of Basic

Telephone Service (Wireline) and Cellular Mobile Telephone Service (Third Amendment) Regulations, 2014 (12 of
2014) dated the 21st August, 2014.
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Note.5. —The principal regulations were further amended by issuing the Standards of Quality of Service of Basic

Telephone Service (Wireline) and Cellular Mobile Telephone Service (Fourth Amendment) Regulations, 2015 (8 of
2015) dated the 15th October, 2015.

Note.6. —The Explanatory Memorandum explains the objects and reasons of the “Standards of Quality of Service of

Basic Telephone Service (wireline) and Cellular Mobile Telephone Service (Fifth Amendment) Regulations, 2017 ( 4 of

2017).

1.1

1.2

1.3

1.4

1.5

Explanatory Memorandum
Background

The rationale for regulations in the telecommunication sector is closely linked to the objectives of
protecting the interests of telecom service providers, telecom consumers and maintaining an environment
of orderly growth in the sector. One of the key responsibilities assigned to TRAI is to lay down the
standards of quality of service to be provided by the service providers so that telecom subscribers should
get a fair and satisfactory quality of service (QoS). The International Telecommunications Union (ITU)
defines QoS to mean “Totality of characteristics of a telecommunications service that bear on its ability to

satisfy stated and implied needs of the user of the service”.

In general, markets are expected to function in a manner that consumers would gravitate towards
providers that offer them the best service experience at the most competitive prices. But, in fact,
subscribers come to know the quality of service provided by the service provider only after subscribing
and using the services. And subscribers do not have the information to assess whether the services of a

competing TSP are likely to be more or less satisfactory than those offered by their current provider.

Telecom Regulatory Authority of India (TRAI) has been given the mandate under the TRAI Act, 1997 to
lay down the Quality of Service (QoS), to ensure the QoS and to conduct the periodical survey of such

service provided by the service providers so as to protect the interests of the consumers.

In exercise of its functions under the above provisions in the TRAI Act, the Authority had notified the
“Regulation on Quality of Services (QoS) of Basic and Cellular Mobile Telephone Services, 2000” vide

Notification dated 5th of July, 2000. The objectives of these regulations were to

a. create conditions for customer satisfaction by making known the quality of service which the

service provider is required to provide and the user has a right to expect;

b.measure the Quality of Service provided by the Service Providers from time to time and to

compare them with the benchmarks so as to assess the level of performance; and
c. to generally protect the interests of consumers of telecommunication services.

These regulations were subsequently reviewed and TRAI issued the revised QoS standards for these
services in July 2005. The regulations issued in 2005 were further reviewed in 2008-09 and TRAI issued
“The Standards of Quality of Service of Basic Telephone Service (Wireline) and Cellular Mobile
Telephone Service Regulations, 2009” in March, 2009.

The QoS regulations of 2009 were first amended in May, 2012 to provide for parameters for 3G services.

In November, 2012 TRAI amended the regulations to include financial disincentives for delay in
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submission of compliance reports, non-compliance with the benchmarks for QoS parameters, and for
wrong reporting of QoS performance. The introduction of these financial disincentives was based on the
information collected by TRAI through various QoS audit analysis reports which revealed that some of
the service providers were “repeatedly not meeting the QoS benchmarks for some prescribed parameters
and no consistent improvement is noticed in spite of the measures taken by TRAIL Therefore, there is a
need to provide for financial disincentives for failure to meet the Quality of Service benchmarks”.'
Accordingly, the Authority decided that there was a need to introduce financial disincentives in relation to

the performance of service providers under the QoS benchmarks so as to strengthen the effectiveness and

compliance of the said regulations.

1.6 Subsequently, a third amendment to the regulations was issued in August 2014, to address the practical
difficulties expressed by the service providers in meeting the benchmarks. To create further deterrent
against consecutive non-compliance with the benchmarks, TRAI again amended the regulations on 15th

October 2015, providing for increased financial disincentives in cases of repetitive non-compliance.

1.7  Even with the regular monitoring of QoS parameters and financial disincentives in cases of non-
compliance, there have been growing concerns by consumers regarding poor QoS and increasing call
drops, with a large number of consumers complaining about poor quality of experience (QoE), i.e. the
level of quality that customers believe they have experienced. This was in contrast to observed QOS
parameters where service providers were generally meeting the existing benchmarks for most of the QoS

parameters.

1.8  In this background, with a view to compensate the customers for poor quality, the Authority undertook
public consultation and issued the “Telecom Consumers Protection (Ninth Amendment) Regulations,
2015 (9 of 2015)” on October 16th, 2015. Through these regulations, TSPs were mandated to provide
compensation of one Rupee for each dropped call to the calling consumers, limited to three dropped calls

in a day. However, these regulations were struck down by the Hon’ble Supreme Court.

1.9  As it was being observed that there is a significant divide between the performance of TSPs against the
current QoS benchmarks and the actual network performance as experienced by subscribers. This called
for a need to reassess the current benchmarks and move towards adopting revised QoS norms and
parameters that may be better equipped for achieving the desired goals. This is in line with the Authority’s
duty to lay down the QoS standards and ensure that such standards are met “so as to protect interest of the
consumers of telecommunication service”. Accordingly, the Authority decided to relook into the various
other options for ensuring QoS, including redefining the various QoS parameters and benchmarks,

measurement methodology etc. so as to improve the QoE of customers.

1.10 QoS network parameters, at present, are being evaluated for the service area as a whole and daily
performances are averaged over a month for assessment of the performance of service providers at the
level of the Licensed Service Area (LSA). But there could be many areas/ localities within the network
where the performance on existing QoS parameters could be poorer in comparison to other parts of the

LSA.

1 Explanatory Memorandum to the Standards of Quality of Service of Basic Telephone Service (wireline) and
Cellular Mobile Telephone Service (Second Amendment) Regulations, 2012.
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1.11

1.12

1.13

1.14

When the dropped call rate (DCR) is measured by averaging across the country, as mentioned in the
consultation paper, more than 12% of the individual base transceiver stations (BTS) report a call drop rate
of more than 2% and approximately 1% of the individual BTS report a call drop rate of more than 10%. In
contrast, the overall call drop rate in the country - using the existing measure - was around 0.7%, which is
well below the benchmark. TRAI has issued a Direction on 29th July, 2015 to the TSPs to provide the call
drop rate in 63 cities across the country. It should be noted that in most of the cities, the TSPs are
generally meeting the call drop rate of 2%, once again signaling a gap between the benchmark

performance and end user experience.

The problems created as a result of this gap can be better explained by taking a closer look at the design
and implementation of cellular networks. A cellular network consists of a large number of BTS, which is
the infrastructure through which communication signals are transmitted between the subscriber’s
equipment (i.e. mobile phone) and the TSP’s network. In general, each BTS consists of three cells each of
which covers a certain number of subscribers within its coverage area. As the users of cellular networks
move across several locations, the voice calls being made by them are handed over from one cell to
another. This may lead one to assume that a subscriber’s QoE is dependent on the performance of its
TSP’s network across the broad geographic area within which a subscriber would typically use its
services. However, in reality, a large number of users typically use their mobile phones for making calls
from one or two specific locations where they spend most of their time, in addition to a part of the time
that may be spent in transit. For instance, subscribers who predominantly use their mobile phones at home
or at their place of work would be most directly impacted by the performance of the TSP’s cells that cover
these specific areas. From the perspective of those users, degraded performance of these cells cannot be

offset by better performance of the TSP’s cells in some other location.

In view of this, the Authority undertook a public consultation in the matter by releasing a consultation
paper on “Review of network related Quality of Service standards for Cellular Mobile Telephone Service”
on 5" August, 2016 seeking comments of stakeholders by 16™ September, 2016. In response to the
Consultation Paper, the Authority received comments from 13 stakeholders. An Open House Discussion
was also held with the stakeholders at Chennai on 21* December, 2016. All comments received from
stakeholders during the consultation process have been considered by the Authority while finalizing these

regulations.

Key issues in the Consultation Paper (CP) raised to review network related QoS standards for Cellular

Mobile Telephone Service (CMTS) were:
a.  Redefining existing network related QoS parameters

i options to measure and benchmark QoS at Sub-service area level i.e. at LDCA (Long Distance

Charging Area)/DHQ (District Headquarter)/City/Town/ BTS level

ii. options to benchmark call drop rate by calculating it at License Service Area (LSA) level
during Time Consistent Busy Hour (TCBH) or by calculating it during Cell Busy Bouncing
Hour (CBBH) at BTS level

iii. options to define parameters and benchmarks to make them technology agnostic

b. Introducing additional Parameters to measure network related QoS parameters
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1.15

1.16

2.1

2.2

23

24

i Criteria to set the RLT (Radio Link Timeout) parameters and values that need to be set
il. Options to calculate call drop rate through CDR data analysis and benchmark for this purpose
c. Defining Consumer satisfaction index for Quality of Experience (QoE) purpose and methodology

of calculating such index. Also identifying latent variable and ways to calculate them.

d. Introducing a Graded Financial Disincentive based on performance and quantum of financial

disincentives for various parameters.

Four issues raised in above sub-para 1.14 (a) namely, Sub-Service Area, TCBH vs. CBBH, options to
define new parameters (including defining technology agnostic parameters) & setting new benchmarks
are related with assessment methodology of Drop Call Rate (DCR) parameters. For the analysis of all
these four issues and re-defining framework for DCR assessment methodology requires re-look into
assessment area, assessment period, statistical measures to be used for the assessment, defining new
parameter(s) and benchmark(s), if need. All these issues need to be deliberated together and therefore, this

set of four issues have been deliberated in a combined manner in Para 2 to Para 7.

Rest of the four issue mentioned in sub-para 1.14 (b) and 1.14(c) namely, Graded Financial Disincentives,
criteria to set RLT parameter, CDR data analysis for Call Drop Rate assessment and Customer

Satisfaction Index have been deliberated subsequently in the Para 8 to Para 11 respectively.
Present Methodology of Drop Call Rate (DCR) Assessment and related issues

One of the main issues highlighted in the consultation paper was regarding the present methodology of
assessment of the performance of service providers by averaging QoS parameter over the service provider
network. CP emphasized the adverse impact of averaging out the 'Call Drop Rate 'parameter over a
service area as a whole and also averaging out over a month. The averaging method for assessment of 'call
drop rate' parameter could not identify local variations in many areas/ localities within the network where

the performance on these QoS parameters could be poor.

One of the options to address the issues related to averaging may be to apply averaging on a smaller
geographical area or for a shorter time period. For example, averaging on sub-service area instead of
complete service area may contain the averaging effect within that sub-service area. Monitoring of
benchmarks for various parameters on a sub-service area level may help in identifying the problem areas,
taking measures to address the problem, and consequently ensuring better QoS. Other options to address

the averaging effect may be to explore and define new parameters for the QoS standards.
The main issues raised in the consultation paper related to DCR assessment methodology were

a. Whether Measurement of QoS should be at sub service area level (LDCA/ DHQ/ City/ Town / BTS

Wise) or a combination?

b.  Whether call drop should be measured at TCBH or at CBBH?

c. How should the benchmark for the parameters be revised? What should be the benchmarks and how

should they be measured?

TSPs' views
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2.5

2.6

2.7

During the consultation process, service providers and industry associations had supported the

present system of QoS measurement at LSA level.
The reasons advocated by them in support of their suggestions are that

i.  maintaining uniform QoS in all parts of the LSA is not possible due to various factors which

are beyond their control,

ii. no international reference of sub-service area level benchmarking in geography comparable

to India is found,

iii. the problem areas are well identified through the raw data network counters submitted to the

Authority and also through regular drive tests,

iv. the networks are architected for a Service Area and not designed and built on LDCA or
District basis, lack of availability of digital maps with clearly defined towns, varying size of

sub-service area and quantum of BTSs etc.

There was a suggestion from one service provider that the benchmarking of QoS parameters should

be at a combination of LSA and BTS level.

The service providers have also suggested to change the measurement methodology for the

parameter “Worst affected cells having more than 3% call drop rate”.

With respect to measurement of call drops, the service providers and industry associations have
supported measurement of QoS parameters at Time Consistent Busy Hour (TCBH) only at service
area level as Cell Bouncing Busy Hour (CBBH) may vary drastically with various factors like
sudden movement of subscribers, any outage etc. whereas, TCBH accounts for the network

performance as a whole and not just for a particular cell.

The overall view of the service providers is that the existing regulation of measuring QoS of

telecom networks at LSA level should continue.

Suggestions from stakeholders other than TSPs

a.

Suggestions from other stakeholders included monitoring QoS at BTS level as this would eliminate
“averaging-out”, measurement of QoS across all of India, and focusing on ‘hot spots’ or poor

service areas.

One consumer organization registered with TRAI suggested tightening the benchmark for the call

drop parameters and the parameters relating to voice quality and POI congestion.

Suggestions were also made in favour of continuous measurement so that seasonal changes, metro, urban

and suburban development can be factored into. The consumer organization referred to above also

suggested that QoS measurement should take place at the BTS level during Cell Bouncing Busy Hour
(CBBH).

Before proceeding further, it would be useful to gain a deeper insight into the DCR data and have a better

understanding of the character, shapes and patterns of the typical distribution of DCR data. This is

followed by an evaluation of the options of redefining the DCR parameters; the revisiting the

measurement methodology; or tightening of the current benchmarks. Accordingly, the following section



[ 9T III-EvS 4] HIA bl TS ¢ SAHEROT 49

provides some illustrations to explain:

a. the typical distribution pattern of DCR values at the BTS level and the consequences of (i)
averaging the DCR values of all the cells in a BTS; and (ii) further averaging the DCR values of a

BTS over a period of time; and

b. the extent to which the poor performance of some BTS can be compensated by the better

performance of others while averaging the performance of a provider’s BTS at a LSA level.
2.8  Typical Distribution Pattern of Count of BTS vs. DCR

a. Distribution pattern of the number (count) of BTS with DCR meeting current benchmarks is
illustrated in the graph below. DCR for a BTS is an average of three DCR values belonging to each
sector or cell of this BTS. Consequently, very few BTS may report DCR value close to zero as it is
highly unlikely for all three cells to have zero DCR values and average DCR value of zero for all

days in the assessment period.

b. Similarly, very few BTS may be seen to have higher DCR values, which may be due to the effect
of averaging DCRs for a BTS over a period of time. If a BTS had high DCR values on a few days,
then it likely that it may also have had relatively lower (i.e. better) DCR values on some other days.
Accordingly, for a network that meets the current benchmark of 2% DCR, the peak of the
distribution of the number of BTS will most likely fall between DCR values of 0 to 2.

Comulative % of BTS 100%
e ey 06.07% O7.6% 98.15% 9848% $6.73% O00.94% 09.08% 99.22
o4z I595% 96.57%

W% v S671% 9754% 98.02% 96.40% OB6T% 9690% 9904% I
B [ ozos 93.30% T

- 3%
, L ,l\,li‘ihi“ii!!ﬂ@;i!ﬂsu—u—‘ - = »H!‘ oaf
 Drop cxl s g 35 | M, 2% 3% Ms,
Maean DUR =<2  BM: Benchmark DCR BM e.g. 2%, 3% Dean DCR >3%

| BT5 & DCR Distribution Pattern |
Figure 1: lllustration of distribution pattern of count of BTS vs. DCR

c. The range of continuous DCR values, along with the count of the BTS, may also be presented in a
point-mass form. For instance, all BTS having DCR values less than or equal to 2% can be clubbed
together and represented at their mean DCR value M, with height of the bar being equivalent to %
of total count of BTS in the 0-2 DCR value region. Similarly, M3, may represent mean DCR value
of BTS having DCR value beyond 3%. Percentage of BTS counts exceeding 3% DCR value is

represented as a point-mass value at M3, with % of BTS counts shown at a bar height of 3%.
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2.9  Impact on Network Performance Assessment due to DCR averaging

a.

C.

Presently, the QoS for network parameters is measured for the service area as whole. Because
of averaging, bad performance in some of the areas within the LSA is compensated by good
performance in other areas, allowing the service provider to meet the benchmark. However, this
method of computation of QoS performance does not give a true picture about the extent of non-
compliance in specific pockets and the problem areas. For example, the figure below illustrates the
DCR performance of all the BTS of a provider in a particular LSA:

= M, indicates the mean DCR value of all DCR values lying between zero and 2%;
= M, ;indicates the mean DCR value of DCR values lying between 2% and 3%; and
= M, indicates the DCR values lying beyond 3% and M, is overall average value.

From the illustration, it can be seen that average DCR value meets the 2% benchmark even though
there are a good number of BTS lying between 2% and 3% DCR and a few BTS also have DCRs
greater than 3%.

The following is a hypothetical example that illustrates the extent to which the DCR values of

56.67%

il Mgy Mo Rl
Dawas DAR =056 imen BOR Al S Bl R BL Tl AR 006

Figure 2: Illustration of effect of averaging in extreme case

badly performing BTS could potentially be offset by the DCR values of value of well performing
BTS. If we assume that 40.33% of the total BTS of a provider in a LSA are performing ideally
with zero percent DCR value, that would be sufficient to compensate for 56.67% of its total BTS
with DCR value at 2.9% (almost 3%) and 3% of BTS with DCRs values as high as 10%.

100%
0 [o: W AVETET-Z W | | Compliant to 2% Benchamrk.
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2.10

2.11

d. The effect of averaging may be better visualized by comparing the averaging process with a see-
saw (as illustrated in the diagram below) having planks of unequal lengths. The benchmark point
i.e. 2% DCR can be considered to be the fulcrum point of the see-saw with the left-side plank of
the fulcrum being a length of 2mm (0 to 2% DCR) and the right-side plank going up-to the length
of 98mm (2% to 100% DCR) to be the of the see-saw. The circles on either side represent the point
mass for DCR value ranges while the size of the circles represents their weight, equivalent to the %
count of BTS in that range. The position of the circles represents mean DCR values within the
DCR sub-range which the circle represents. Typically, as seen in the BTS & DCR distribution
patterns discussed earlier, weights on the left-side plank are likely to be heavier than weights on
right-side plank. Further, on the right-side plank, the distances of circles from the fulcrum are
relatively much larger than the distances of circles on the left-side of the plank. If the see-saw is
balanced or inclined towards the left, then performance of the network would be considered to be
compliant with the existing benchmark. As is obvious from the illustration, that averaging may
easily balance out the far placed smaller size circles on the right part of plank using the weight of
the bigger sized circles on the left part of the plank.

BTS Count ~
oy

M. .-~ % Drop Call Rate

3
‘
:
5
L)
Sameas Ty TwisThreshold or DCR Benchmark e.g. 2%
0% 0.1 05% 1% 1.5 2% 2.5 3% 5 10

Drop Call Rate (DCR)

Figure 4: Illustration of effect of averaging (See-Saw)

In view of above, the Authority felt the need to devise a QoS framework for DCR assessment that
measures and reflects a more realistic and granular picture of the network’s performance while addressing
the concerns of customers; and keeping in mind the practical constraints faced by TSPs, along with factors
beyond their control.

The Authority accordingly decided to carry out a detailed study of the DCR data of some of the service
areas submitted to TRAI by telecom service providers in order to gain a deeper insight and characterize
the distribution behavior which would help to define new DCR parameters, revisit the existing
methodology; or tighten the existing benchmarks. In summary, the framework is to be revised in such a
manner that it identifies problem areas and represents a more realistic picture of the performance of the
network.

Organizing the DCR data
Arranging the DCR Data (DCR-Matrix-Spatial-Distribution)

The first step is to organize the DCR data in matrix form where each row represents the DCR values for
individual cells over the days in chronological order as columns i.e. the daily DCR values for the
assessment period. DCR data points with values greater than the set benchmark for each individual cell
are highlighted as illustrated in figure 5. e.g. 2% DCR are shown in light grey and DCR data points
breaching the benchmark are in dark grey.
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Figure 5: illustration of DCR data for different cells on different days

b. Suppose if DCR values for each individual cell be arranged in ascending order for all days in the

C.

assessment period, then the worst DCR values of a cell irrespective of date will slide to the rightmost

part as illustrated in figure(6).

Certain days for a cell - let’s say 10% of total days - may exhibit poor performance due to uncertainty
and factors beyond the control of the TSP, for e.g. uncertainties in the behavior of mobile traffic and
Radio Frequency (RF) signal propagation. Given this backdrop, 90 percentile (say) DCR value of the
daily time-series of DCR values of each cell, may be considered as representative DCR for that cell
during the period of assessment. This representative DCR value of each cell may be called Cell-Q
factor, and in the context of spatial distribution matrix, the corresponding value for a cell may be called

Cell_Q(90).
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Figure 6: Illustration of DCR data after sorting of DCR values within a row and then
sorting rows on the basis of 90th percentile DCR value of row
(grid size and column indicating Cell_Q(90) shown in the illustration is not to scale)

d. The rows, previously ordered over time, are next sorted in ascending order of their representative 90th
percentile DCR values identified in the previous step. The 90th percentile DCR value is extracted from
the resulting vector of ordered, representative 90 percentile values of each cell. Unlike the previous step,

we obtain a single value for the cross-sectional 90th percentile cut which we refer to as Cell_Q(90).

e. Bottom region of the matrix after arranging of rows, will have all cells (complete row with DCR data
belonging to that cell) with Cell_Q(90) relatively higher (i.e. poorer performance) in comparison to

Cell_Q(90) of cells in upper part of the matrix.

f.  The complete DCR value dataset arranged in a row and columns may be called the DCR-Matrix-Spatial-

Distribution (DCR-Matrix-SD).
3.2  Partitioning of DCR Matrix Spatial Distribution

a. The Cell_Q(90) for each cell represents the worst performance (highest DCR) attained by the cell after
removing 10% of its worst performing days. Next, in order to account for cells which might exhibit
consistently poor performance e.g. border cells, we extract the 90th percentile DCR value from the
vector of Cell_Q(90) for each cell. We obtain a single value for the cross-sectional 90th percentile cut
which represents the DCR value achieved by a network 90% of the time, in 90% of geographic locations
(cells). This value is the representative value for the performance of a network as a whole, across time
and location and we term this value as Network_Qgsp(90,90). Essentially Network_Qgp(90,90) is the
90th percentile of Cell_Q(90) of all cells in a network.
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b. Considering that data for all cells, for all days in the period of assessment is available,

Network_Qsp(90,90) will be a cross-point of a column having Cell_Q(90) values and a row having
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Figure 7: lllustration of DCR data to show Network_Qp(97,90) as 90th
percentile DCR value Day_Q(97)

DCR values corresponding to a cell having Cell_Q(90) and represents 90" percentiles value among all
Cell_Q(90) values.

3.3  Arranging the DCR Data (DCR-Matrix-Temporal-Distribution)

a. Similarly, DCR Data can be arranged in ascending order in each column first for performances of

various cells on a particular day.

b. 97™ percentile DCR value in a column may be representative DCR value for that day with 97% of
cells having better DCR values than this. This may be called as Day_Q(97).

c. Similar to Spatial Distribution Performance DCR Matrix, all columns can be rearranged in a
ascending order of Day_Q(97) values and 90" Percentile of the Day_Q(97) will be
Network_Q1p(97,90).

d. The complete DCR value dataset arranged first spatially, and then temporally may be called DCR-
Matrix-Temporal-Distribution (DCR-Matrix-TD).

3.4  Regions of DCR Matrix

a. The column and row associated with any Data-point in the DCR Matrix (apart from matrix borders)
divide the matrix into four regions. From benchmark perspective, concern will be specific to some
key points in the matrix such as Network_Qgsp(90,90) in the spatial distribution and
Network_Qrp(97,90) in the temporal distribution. This single Q-point may give good insight into

thenetwork performance and may be a key data-point for defining benchmark.

b. Column and rows containing Network-Qsp(90,90) in a completely filled array of DCR values matrix
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i.e. DCR-Matrix for Spatial or Network-Qrp(97,90) for Temporal Distribution partitions the data in

four regions namely, Top-Left Region (TLR) , Top-Right Region (TRR), Bottom-Left Region(BLR),
Bottom-Right Region(BRR).
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Figure 8: Illustration of DCR data to show Network_Qrp(97,90) as 90th
percentile DCR value Day_Q(97)

4 Characteristics of the data in different partition
4.1  Characteristics of the data in Top-Left Region (TLR) in DCR-Matrix-SD

a. Column containing Network_Qgp(90,90) has representative DCR values for all cells and every DCR
value of this column is a upper bound value for all DCR values in the left part of the same row. This

DCR value is also a lower bound value for all DCR values in right part of the same row.
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Figure 9: Illustration for partitioning of DCR Data
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b.

TLR part contains DCR values which are smaller than Network_Qgp(90,90) i.e.
Network_Qsp(90,90)) is an upper bound value for complete Top-Left Region (TLR).

o

Figure 10: Top Left Region
If the network performance of a TSP computed as per the Network_Qsp(90,90) methodology meets
the DCR benchmark specified by the Authority (say, 2%) then all data points in the TLR are better
than benchmark value.
TLR contains 81% of the total data-points in the DCR-Matrix and Network_Qsp(90,90) value meeting
the DCR benchmark indicates that at least 81% data-points are better than the benchmark value.

If DCR values in TLR are not meeting the DCR benchmark value set for an individual cell, then there
is a cell which has performed worse than the set DCR benchmark for more number of days than the
set benchmark of 10% of total days (say).

4.2 Characteristics of the data in Top-Right Region (TRR) in DCR-Matrix-SD

a.

This region of the Network_Qsp(90,90) partition represents 9% data-points. It has row-wise DCR
values which are greater than Cell_Q(90) values for the cell representing that row.

In this region, Cell_Q(90) values are smaller than the Network_Qsp(90,90) values and there may be a

wide range of DCR values in this region, some of which meet the specified benchmark value while
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Figure 11: Top Right Region

others do not.

In this region, if two rows are considered then it may happen that DCR values in a row which is on
downside may be having DCR values smaller than DCR values in the row on the upper side. It may
depend upon DCR value rising pattern of row beyond a Cell_Q(90) point. Different rows having

different Cell_Q(90) starting point may have rising curves competing with each other and one curve
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may be rising at a slower pace while other curve may be rising at a faster pace and cross each-other.
4.3  Characteristics of the data in Bottom-Left Region (BLR) in DCR-Matrix-SD

a. This region of the Network_Qsp(90,90) partition symmetrically represents 9% data-points of DCR-
Matrix.The DCR values in a row in BLR are smaller than Cell_Q(90) values for that cell.

b. In this region, if two rows are considered then DCR values of a row will be rising from left to right
side and reaching to their respective Cell_Q(90) values. Cell_Q(90) of a row on downside may be
equal or higher than Cell_Q(90) value of a row on upper side. But it may happen that DCR values in a
row on downside may be having DCR values smaller than DCR values in the row on the upper side. It
may depend upon DCR value rising pattern of row before reaching to a Cell_Q(90) point. Different
rows having different Cell_Q(90) final points and DCR rising curve may compete with each other and
one curve may be rising at a slower pace while other may be rising at a faster pace and cross each-

other.

c. If one DCR value in a row in this region is not meeting the benchmark, then all right DCR points will

not be meeting the benchmark value as they are arranged in non-decreasing order.

= Some values are higher than 2% DCR Value i

Figure 12: Bottom Left Region

4.4  Characteristics of the data in Bottom-Right Region (BRR) in DCR-Matrix-SD
a. This region of the Network_Qsp(90,90) partition represents 1% data-points of DCR-Matrix.
b. This region represents all DCR values worse than benchmark values.

c. However, all DCR values may or may not be as bad as observed in TRR. This means that worst DCR

values may either be in TRR or BRR.

d. Cell_Q(90) of a row is a lower bound value for all DCR values in the BRR.
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Figure 13: Bottom Right Region

4.5 Characteristics of the data in DCR-Matrix-TD

a. The DCR-matrix for Temporal Distribution similarly, has four regions divided by the point

Network_Qmp(97,90) with similar characteristics.

b. The key difference to be noted between the spatial and temporal matrices is that the former focuses on
cells which are consistently performing poorly, for many days, while the latter addresses the days on

which the performance of cells is relatively poorer than other days.

5 Main objectives for redefining existing network related quality of service parameters for cellular

mobile telephone service.

5.1  DCR data organized in Spatial distribution and Temporal distribution will provide insight into area-to-
area variations of DCR and day-to-day variations of DCR. Appropriate points in this distributions which
may be representatives of performance of network on most of the days and for most of the cells in the
network and may be used as new parameters for measure of DCR assessment and accordingly new

benchmarks may be set for these parameters.

5.2 Before finalizing the new parameters for DCR assessment in context of DCR Spatial and Temporal
Distribution, there is need to consider the main objectives which should be met by the new parameters and
benchmarks. And also to consider the assessment area, radio access technologies and assessment period
for which DCR matrix need to be populated. New parameters and benchmarks also take into account the
factors which are beyond control of TSP and practical challenges faced by them. Some of these points like
objectives and stakeholders' views related to DCR assessment are deliberated under this Para while other

points are dealt in Para 6 and Para 7.

5.3  The benchmarks for QoS should be designed in a way that makes them meaningful to consumers -
enabling them to make an informed choice between TSPs based on the level of quality of service they can
expect, irrespective of the technology provided by the TSPs. Accordingly, it is important to adopt

measures that are objective, measurable, and verifiable so as to ascertain the QoS being maintained by the
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5.7

service providers.

While designing the benchmarks, it was kept in mind that the benchmark parameters should be achievable
- while at the same they should force a service provider to invest resources in improving QoS. Also the
QoS parameters and benchmark should be technology agnostic (2G/ 3G/ 4G/ BWA) and should be

capable of being measured and reported irrespective of the technology deployed.

For exploring the options of new parameters and benchmarks, or revising the measurement methodology -
key objectives should be set ex-ante, which can be used to ascertain the appropriateness of the new

approach and ensuring that the concerns with the present methodology or parameters are addressed.

After analyzing the issues raised earlier with the averaging process, following key objectives were set out

for devising a new framework or approach for DCR assessment:

a. Main goal of the new framework should be to highlight the problem areas so that coordinated actions

may be taken to ensure effective QoS.

b. New approach should consider DCR of individual cells of a Base Station (BS) for each day without

involving any averaging process for the assessment of a cell during the period of assessment.

c. The new approach should also consider representative DCR value of all individual cells without

involving any averaging process for assessment of the representative DCR value of the network.

d. The new methodology should be able to identify the cells which have performed worse than the set
benchmark beyond a certain % of days in the period of assessment. Such identified cells with poor
performance for many days should be appropriately considered in the performance assessment of the

network.

e. The new methodology should also identify the days on which a significant number of cells (e.g.
certain % of the total cells in the network) of the network observed relatively poorer performance.

Such identified days should be considered while assessing the network performance.

After analyzing the stakeholders' views, the Authority felt that the following key points should be given

due consideration while devising a new framework or approach for assessment:

a. Licenses are issued on service area basis and infrastructure is created to provide the service at a

service area level.

b. Operators are facing problems in establishing infrastructure because of false EMF radiation rumours,
scarcity of spectrum, Right of Way (RoW), infrastructure related issues, administrative issues, natural

calamities etc.

c. TSPs face practical challenges in meeting the benchmarks at each individual cell level for every day,
which are beyond their control e.g. various factors like sudden movement of subscribers, any outage

etc.

d. Radio Frequency (RF) propagation characteristics introducing uncertainties in the coverage to any

user with variations in location and time.

e. Performance assessment of a network should be done after excluding certain cells or certain days but
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assessment should be representative of most of the part of the network for most of the days.

New benchmark or methodology which achieves the above objectives and addresses the gaps in the

existing benchmarks is deliberated in following Para(s).
Redefining framework for new benchmarks, parameters and methodology for DCR assessment

As noted earlier, the main goal of redefining the QoS parameter is to highlight the problem areas so that
coordinated actions may be taken to ensure effective QoS. From the characterization of DCR Data in
Spatial and Temporal Distribution, it is clear that the problem areas, if any, are easily identifiable using

the methodology described above.

One of the options brought up in the consultation was to tighten the benchmark for the parameters so that
the effect of averaging a TSP’s performance over the LSA may be lessened. However, based on a detailed
analysis of averaging process, it is obvious that mere tightening of benchmarks while retaining the process
of averaging will not address the concerns of identifying the problem area. Any average DCR value
arrived at through this process may not be representative of most of the parts of the networks and most of

the days.

These concerns are being addressed by the being new methodology of carrying out the DCR-Matrix

analysis using the Q-factor cross-section, as described in the previous sections.

The Spatial and Temporal Distribution methods portray the performance of the network in different parts
of the service area and on different days. However, this is being achieved without involving any averaging

process for the purpose of assessment of a cell or the assessment of a network as a whole.

DCR-Matrix arrangements with Spatial Distribution identifies the cells which have performed worse than
the set benchmark beyond a certain % of days in the period of assessment. Some of these identified cells
with poor performance for up-to a certain number of days may be excluded from the overall assessment in
view of practical difficulties and factors which may be beyond control of TSPs. But beyond these
exclusions, which are clearly identified, every cell is considered for assessment of the overall network

performance.

DCR-Matrix arrangements with Temporal Distribution identifies the days on which a significant number
of cells of the network observed relatively poorer performance allowing them to be excluded while
assessing the network’s overall performance. Beyond these exclusions, which are clearly identified, each

day during the assessment period is considered for assessment of the overall network performance.

Q-cross-points partitions of DCR-Matrix arrangements with Temporal and Spatial Distribution are very
meaningful for the purpose of enabling consumers to make an informed choice. These distributions set out
a clear assessment of what percentage of the total service area and for what percentage of days can a
particular network be assumed to be performing better than the benchmarks set by the Authority. By
knowing the position of Q-cross-point, subscribers will be in a position to assess the minimum confidence

level with which they can be assured of a certain level of QoS.

To meet the objective of assessment of network irrespective of the technology provided by the TSPs, the
DCR Data matrix may be a single data matrix for all technologies being used for providing voice services.

In case of a voice call, a user may not be concerned about the specific technology being used to serve
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him/her. Therefore, aggregating data of all cells of a TSP, irrespective of technology, will be appropriate.
Accordingly, the Authority has decided that QoS parameter like DCR should be technology agnostic (2G/
3G/ 4G/ BWA) as these can be measured and reported irrespective of the technology being deployed.

The Q-value cross-points in the DCR Matrix, both in case of Spatial Distribution and Temporal
Distribution, are based on percentile values, and can therefore be defined in an objective, measurable and
verifiable manner. Accordingly, the Authority has come to the conclusion that the Q-values cross-points
methodology shall be used for ascertaining the level of QoS being offered by a service provider in relation

to call drops.
Setting the Benchmarks (BMs) for DCR Assessment

One of the objectives to be kept in mind while setting the benchmark value is to arrive at Q-values which
are achievable and also force a service provider to invest in infrastructure and improve its services. At the

same time, the benchmarks should be such that they satisfy the overarching concerns of user experience of

QoS.

With these objectives in mind, the Authority has decided to introduce the following benchmarks and

criteria related terminologies for the redefined DCR framework:

a. Percentile-t value of DCR out of DCR data for a particular cell which will be considered as
representative DCR value for the performance of that particular cell for the entire period of assessment

i.e. Cell_Q(t).

b. Percentile-s value of Cell_Q(t) values which is to be considered for representative DCR value for

network DCR Spatial Distribution performance in the assessment period .i.e. Network_Qsp(s, t).
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Figure 14: Terminology for DCR-Matrix-SD related

c. DCR benchmark value, QSD which is to be set as a maximum DCR for Network_QSD(s, t) i.e. for

network DCR Spatial Distribution performance in a LSA and will be considered as meeting the

benchmark when value at Network_QSD(s,t) <Benchmark QSD.
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d. Percentile-s value of DCR out of DCR data for all cells operating in a network on a day which will be

considered as representative DCR value for the performance of the network on that day i.e. Day_Q(s).

e. Percentile-t value of Day_Q(s) which is to be considered for representative DCR value for network

DCR Temporal Distribution performance in the assessment period i.e. Network_QTD(s, t)

f.  DCR benchmark value, QTD which is to be set as a maximum DCR for Network_QTD(s, t) i.e. for

network DCR Temporal Distribution performance in a LSA and will be considered as meeting the

benchmark when value at Network_Qrp(s,t) <Benchmark Qrp.

Fiaure 15: Terminoloav for DCR-Matrix-TD related

One of the main issues in the consultation paper was that averaging of DCR over the entire service area
and over a period of three months was not reflective of a large number of local variations in the DCR
value. The 2% DCR benchmark, as such, was not an issue although tightening of DCR benchmark was
considered as an option for the specific purpose of lessening the impact of averaging. In the DCR-Matrix,
DCR data is not averaged with DCR values of any other cells, not even with the values of other cells
belonging to same BTS. In present assessment methodology of worst affected BTS, counts of good
performing days of one BTS was compensating counts of bad performing days of other BTS which is not
the case in revised approach. So, if averaging effect is nullified then, it will be a relatively stringent
requirement. However, considering practical difficulties faced by the TSPs and the many factors that may
be beyond the control of a TSP, certain percentage of days are allowed to be excluded for each cell and
also certain percentage of cells are allowed to be excluded from the assessment of the network
performance by appropriately choosing values of Percentile s and t values. Once that is done, if network is
meeting the Q-Cross-point benchmark then DCR value for each cell on all days lying in the TLR would
be better than 2% in case of spatial distribution and better than 3% for temporal distribution.

Sample analysis was carried out for a few LSAs using the current DCR data for 2G networks to have an
idea about the network performance of different service providers with reference to Q-cross points
Network_Qsp(90,90) and Network_Qrp(97,90) in case of metro type LSA e.g. Delhi, in case of Cat-A
LSA e.g. Tamil Nadu, incase of cat-B LSA e.g. Punjab and in case of Cat-C LSA e.g. Himachal Pradesh.

Network_Qsp(90,90)-values for Spatial Distribution were observed as
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TSP Metro One LSA Cat-A Cat-C Cat-B
One LSA One LSA One LSA
TSP-1 3.12% 3.12% 4.84% 2.17%
TSP-2 1.58% 2.24% 0.92% 1.28%
TSP-3 2.46% 1.62% 2.78% 1.18%
TSP-4 205% | e s
TSP-5 0.67% 0.91% 1.39% 0.63%
TSP-6 1.47% 0.91% 0.00% 1.69%
TSP-7 3.25% 2.44% 2.65% 3.10%
TSP-8§ | ... 2.87% 1097% | ...
7.6 Network_Qp(97,90) values for Temporal Distribution were observed as
TSP Metro Cat-A Cat-C Cat-B
One LSA One LSA One LSA One LSA
TSP-1 3.70% 3.71% 5.92% 2.74%
TSP-2 1.97% 2.75% 1.21% 1.62%
TSP-3 2.99% 1.92% 2.94% 1.51%
TSP-4 311% | e e
TSP-5 0.96% 1.14% 2.50% 0.95%
TSP-6 2.17% 1.96% 0.00% 2.16%
TSP-7 3.65% 3.00% 2.90% 11.36%
TSP-8 | ... 3.15% 14.49% | ...
7.7 LSA average DCR values for 2% benchmark, calculated as per the existing methodology are
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TSP Metro One Cat-A Cat-C Cat-B
LSA One LSA One LSA One LSA

TSP-1 0.72% 0.79% 0.97% 0.62%
TSP-2 0.69% 0.69% 0.48% 0.45%
TSP-3 0.77% 0.24% 1.28% 0.30%
TSP-4 029% | o e
TSP-5 0.17% 0.14% 0.41% 0.08%
TSP-6 0.25% 0.27% 0.09% 0.36%
TSP-7 1.13% 0.61% 0.70% 0.64%
TSP-8 | ... 0.86% 1.98% 0.76%

LSA average DCR values for 3% benchmark, calculated as per the existing methodology are

TSP Metro One Cat-A Cat-C Cat-B
LSA One LSA One LSA One LSA

TSP-1 4.13% 4.05% 8.58% 2.01%
TSP-2 1.12% 2.05% 0.33% 0.89%
TSP-3 2.65% 1.25% 2.21% 0.47%
TSP-4 1.51% | o e
TSP-5 0.35% 0.34% 1.76% 0.41%
TSP-6 1.24% 1.27% 0.53% 1.37%
TSP-7 2.61% 2.48% 2.27% 2.80%
TSP-8 | ... 1.77% 2.60% 1.15%

These values clearly indicate that while the average DCR value of each TSP was substantially lower than
the current DCR benchmark of 2% but Network_Qgp(90,90) was greater than 2%. In case of
Network_Qsp(90,90) approach at-least 81% data-points are equal to or lower than the Q-value i.e. Q-
value is a better representative of the network performance. Additionally, it can be seen from these tables
that Qsp= 2% is practically achievable if service provider makes appropriate efforts to address the issues
of poor performing cells or days.The Q-cross-section view portrays a truer picture of the network

performance.

From above DCR Data analysis, it is quite clear that Network_Qsp(90,90) in spatial distribution presents a
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more real picture of the performance of the network and if network meets the benchmark then it indicates
that DCR<2% is achieved on at-least 90% of days, by at-least 90% of cells and similarly
Network_Qrp(97,90) in temporal distribution meets the benchmark then it indicates that DCR<3% is

achieved on at-least 90% of days by at-least 97% of cells.

In view of above, the Authority has decided to set Network_Qgp(90,90) =2% as the benchmark for the
spatial distribution of the DCR Matrix. As the DCR value is to be measured at the cell level, therefore, it
has been decided that all DCR values need to be reported by TSPs during the CBBH.

Day_Q(97) parameter of DCR-Matrix-Temporal Distribution may be compared with the present "Worst
Affected BTS Call Drop Parameter" and Benchmark in the existing QoS regulations. "Worst Affected
BTS Call Drop Parameter” specifies that a TSP should not have more than 3% BTS with more than 3%
Call Drop Rate. This parameter may also be interpreted as the requirement that 'at-least 97% of the BTS'
should have a DCR of less than 3%. It may be noted that computation of the 3% DCR for this parameter
is based on the averaging of data across cells of same Base Station. Accordingly, there may be instances
where the DCR of a cell is much higher than 3% but after averaging, it's value comes down to below DCR
3% at the BTS level. But same time, it does not consider the situations or difficulties faced by service
providers and factors which may be beyond the control of service provider. To take that into account,

certain percentage of cells and certain percentage of days may be required to be considered.

In the redefined framework of QoS, which is percentile based, worst affected 3% cells will be identified
using the DCR-Matrix-TD. Rest of the approach remains similar to the Spatial Distribution except that the
value of percentile-s which assess day-wise performance of cells would be considered at 97% instead of
90%. This will reflect that on at-least 90% of the days for at-least 97% of cells in a network, the
performance will be better than 3% DCR if network is meeting the benchmark. Value of percentile-t
which assess % of days when more than 97% of cells observed DCR higher than benchmark may be
considered same as in case of Spatial Distribution i.e. 90%. DCR Benchmark for Temporal Distribution

may be set as 3%, same as mentioned in the present regulation for worst affected BTS.

Therefore, the Authority has decided to set the benchmark for TD i.e. .Network_Qrp(97,90) as
3%. Networks meeting this benchmark will indicate that DCR<3% is achieved on at-least 90% of days by
at-least 97% of cells.

It may be noted that due to high mountainous terrain, remote areas and other factors, certain service areas
may face difficulties and challenges in maintaining QoS on implementation & operational fronts. Network
coverage in many parts of these areas, may be in the form of island of coverage and may not be
contiguous which is likely to lead to more drop call instances for traffic moving in or out of these islands
of coverage. In the stages of evolving from islands of coverage to carpet or contiguous coverage, these
services areas are likely to observe higher DCR values. Such situation for difficult service areas may
require special consideration to encourage Service Providers to provide coverage in remote and
challenging areas without fear of high financial disincentive on account of relatively more number of
instances of Drop Call Rate higher than 2% or 3%. Such special circumstances can always be addressed
on case to case basis and it cannot be the basis for any blanket relaxation. The Authority is aware of these

concerns and it shall be looked into on need basis.
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In summary, revised DCR assessment methodology will remove averaging effect. This methodology also
improves confidence level by making it more representative of the actual network performance (e.g. at-
least 90% of cells, at-least 90% of days have to achieve DCRs equal to or better than 2% DCR value); and
as DCR is to be measured for individual cell, busy hour for that cell need to be taken, it means that DCR
to be measured during CBBH. Similarly, worst-affected BTS parameter has been revised to adopt a cell-
level parameter and ensure that on at-least 90% of days, at-least 97% of the cells, have to achieve DCR

equal to or better than 3% DCR value. DCR is to be measured during CBBH.

Further, the Authority has decided the assessment of the performance of the network for QoS parameters
to be continued at LSA level and on quarterly basis. QoS parameters with consolidate values for
corresponding parameters for all cells (inclusive of all technologies) will be assessed as a whole.
Benchmarks for network quality and customer service quality will continue to be applicable in the same
manner as in the present regulation, except DCR benchmarks which will be 2% for DCR Spatial
Distribution Measure and 3% for DCR Temporal Distribution Measure, and assessment period for all

cases will be on quarterly basis.

In case 90% of total number of days or 97% of total number of cells is not an integer and includes
fractional value then the DCR value corresponding to its rounded nearest integer value is to be considered

for computation of the network’s performance assessment.

The Authority has also decided that DCR benchmark should be technology agnostic. Accordingly, from a
DCR benchmark and measurement perspective, a network’s performance on all technologies (e.g. 2G, 3G
or 4G) deployed by the TSP in a LSA and used for providing voice services will be treated equally.
Therefore, the consolidated data of all the cells of the TSP will be assessed as part of a single network,

irrespective of the technology being used.

The performance against benchmarks for the parameters namely availability, accessibility and retainability
in the Network Service Quality table, to be computed for all the cells in the License Service Area (LSA) in
which a service provider is operating and which are being used to provide Circuit Switched Voice or
VoLTE service. For example, In case, VOLTE service is being provided by the service provider then DCR
values for the cells of the eNodeBs will also be included for the parameters and if only Circuit Switch
based voice calls are being provided then cells in the eNodeBs will not be included for the assessment

purposes of parameter;

Data pertaining to all other QoS parameters should continue to be reported technology-wise although the

Authority may consider revisiting the question of their assessment as a single network at a later stage.

DCR Code Stands for Reason or purpose

DNE middle of the quarter and was not part of the network to serve the

The cell was either not commissioned or de-commissioned in the
Does Not

Exist )
users in the network.
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The cell was not operational because of planned shutdown or
NOP Not taken out of operation due to technical problem and thus not able
Operational to serve the users in the network. It includes force majeure
conditions.
counter If the requisite counter values for computation of DCR for a Cell
NAV values  Not | on a particular day could not be captured due to technical glitch
Available although the cell was operational.
computation ) )
In case, computation of DCR observes that mathematically DCR
of DCR Not ) ) )
NDM values could not be computed being not in a determinate form or
Determinable
computed value is irrelevant for the purpose of assessment.
or irrelevant

7.22 There may, however, be situations when DCR data for a few cells may not be available for all the days of

a quarter. For example, this could happen in a case when the BS was installed and commissioned in the

middle of that quarter; or if a particular BS went an operational shutdown for certain legitimate reasons;

ori

f there was a genuine technical difficulty in acquiring data for a few days. There may also be cases

where the net voice traffic handled by a cell on a particular day was zero or a value which makes DCR

value on that day non-determinable or irrelevant.

a.

For the treatment of special cases, 'DCR Codes' shall be used when a special observation is made

corresponding to a Cell on a particular day as listed in the table below:

Authority may add, modify or delete the list of DCR Codes, through directions issued from time to

time;

If it is found that DCR codes detailed in Note 5 are used not consistent with the reasons and
circumstances for which it has been specified mentioned, then it may be treated as per sub-regulation

(3) of Regulation 5A of the principal regulation;

Blank DCR entries or entries filled with any value other than computed DCR value or entries filled
with any code or text other than DCR codes specified in Note 5, shall be considered as non-

submission of the compliance report;

All DCR values for the assessment period shall be considered for Percentile value computation for the
parameter DCR spatial measurement and DCR temporal measurement excluding the cases enumerated

in above the table.

DCR values of individual Cells for the computation of parameter DCR spatial measurement and DCR
temporal measurement shall be computed during Cell Bouncing Busy Hour and only up to two

decimal places;

7.23  TSPs need to start re-assessing their systems and processes to ensure that complete and verifiable data is

available. In view of this, the Authority has decided that the revised framework for network service

qua

lity and methodology will come into effect only after 1st October, 2017, allowing TSPs sufficient time

to adapt to the new framework.
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8

8.1

8.2

8.3

8.4

8.5

Graded Financial Disincentives for non-compliance with the benchmarks

The present structure of DCR financial disincentives is based on a determination of whether or not a TSP
meets the specified DCR benchmarks. However, no consideration is given to the extent of poor
performance by the TSP. In this context, the consultation paper sought to explore the possibility of a
scheme of graded financial disincentives which would allow the Authority to take actions commensurate

with the extent of poor performance.

Service providers and their associations were broadly not in favour of amending the financial
disincentives structure. There were also suggestions that there should be no financial disincentives on
marginal violations of key performance indicators (say less than 10 to 15%). In contrast, others have
suggested that a policy of “financial incentives” would be in the best interest of the consumers and serve
the purpose of motivating the TSPs for provisioning better services. With respect to graded financial
disincentives, it was suggested that it should not be done due to various reasons such as new site
restrictions, EMF issues, Fibre cut, theft cases, boundary and fringe cells, GSM spectrum non-availability,
interference etc. They also suggested that financial disincentives for QoS should be removed as there is
heightened competition in the market with comparable price structures, and quality of service has
emerged as a major differentiator. The TSPs were also not in favour of imposing additional penalties for
2nd and 3rd consecutive default if improvement in performance over previous quarters is observed. They
were in favour of imposing penalties if a TSP refuses to collaborate in a joint action plan. They were also
of the opinion that there should not be any financial disincentives for the TSPs if the QoS benchmarks are
breached as choices are available to consumer and market forces will ensure improved QoS. In general,
they believe that financial disincentives have not contributed in either increasing investments or to

improve QoS. However, others have suggestions supporting graded financial disincentives.

The suggestions of stakeholders were taken into account by the Authority. At the same time, the Authority
also considered the improvements in QoS standards that have taken place in the recent months. These
positive developments are attributable in part to the increase in awareness and transparency about the
performance of networks and the existence of the financial disincentives framework in the QoS
regulations. In light of this, the Authority has decided to continue with the existing framework on
consequences for non-compliance with the benchmarks for the network related QoS parameters, except

for the parameter on call drop.

Being an issue of grave public concern, and to improve the quality of experience of telecom consumers,
the Authority has decided to prescribe a graded financial disincentive structure for the call drop
parameter. The graded financial disincentive (FD) will be imposed on the basis of extent of deviation of a
network’s performance from the specified DCR benchmarks. For this purpose, the Authority has decided
to continue the existing periodicity of assessment of Performance Monitoring Report (PMR) i.e. on
quarterly basis. The imposition of FD will take place at the LSA level taking into account the data for all
cells (2G, 3G and 4G) which are being used for voice calls.

The revised graded FD structure being adopted by the Authority is with due regard to the specific
functions conferred upon the Authority under the TRAI Act. The TRAI Act gives the Authority the power
to not only regulate QoS but also ensure the compliance of the provisions of the regulations. The

Authority has accordingly adopted a number of measures in the past to ensure such compliance by TSPs.
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8.6

8.7

8.8

Firstly, information relating to the QoS performance of service providers is being disclosed regularly to
the public in the form of the TRAI’s performance reports, QoS audit reports and the TRAI Analytics
Portal. Secondly, FDs are being imposed on service providers that fail to meet the specified QoS
benchmarks and information relating to the imposition of such FDs is also shared publicly by the
Authority. The Authority intends to continue following both these paths in respect of the new DCR
benchmarks also. Authority decided to keep the minimum amount of FD in case of DCR benchmark same
as present value of Rs. 1 lakh for each instance of non-compliance. This is being accompanied by a
graded mechanism for determining the FD based on the extent to which a TSP’s performance deviates
from the specified DCR benchmark. If network doesn’t meet benchmark then for every 2% deviation
from DCR Benchmark, financial disincentives may also be increased by rupees one lakh. However, there
may be a capping of rupees five lakh for FD against one DCR parameter if it is a first contravention of
benchmark in the consecutive quarters. If there is a case of contravention of benchmark in consecutive
quarters, then the amount of FD may be increased by a factor of 1.5 while by a factor of 2 if it is in more

than two consecutive quarters.

To illustrate the computation of FD, for instance if the performance of a service provider in the first
quarter with respect to the parameter Network_Qgp (90,90) is 3.5 percent, then the FD payable would be
rupees one lakh. In case the performance in the second quarter is 5.5 percent then the FD payable would
be 1.5 times of rupees 2 lakhs i.e. rupees 3 lakhs. Similarly, in case the performance in the third quarter is
7 percent then the FD payable would be twice the amount payable as per the table in the regulations i.e.
rupees 6 lakhs. Further, if the performance of the same service provider in the first quarter with respect to
the parameter Network_Qrp (97,90) is 4.7 percent, then the FD payable would be rupees one lakh. In case
the performance in the second quarter is 6 percent then the FD payable would be 1.5 times of rupees 2
lakhs i.e. rupees 3 lakhs. Similarly, in case the performance in the third quarter is 8 percent then the FD
payable would be twice the amount payable as per the table in the regulations i.e. rupees 6 lakhs.
However, since there is a capping of rupees 10 lakhs in a quarter for combined violation of both the
parameters, the FD payable for the third quarter violation, combined for both the parameters will be

capped at rupees 10 lakhs.

It was proposed in the consultation paper that QoS parameters and benchmarks should be technology
agnostic (2G/ 3G/ 4G/ BWA) and could be measured and reported irrespective of the technology
deployed. During public consultations, most of the service providers and their associations had suggested
that parameters for Network Availability, Accessibility (CSSR), Retainability (Call Drop Rate) should be
technology agnostic as long as they provide voice services in the country. Presently, the 3G networks
have similar network related parameters and benchmarks as 2G, although nomenclature of the parameters
may differ. ITU-T Recommendation G.1028 defines end-to-end quality of service for voice over 4G
mobile networks. For voice over 4G, parameters similar to 2G and 3G have been discussed with the
service providers and consequently, TRAI had proposed similar parameters for 4G services. Almost all
service providers have agreed with these parameters and benchmarks. Accordingly, TRAI has prescribed

the parameters and benchmarks for 4G services in these regulations.

Network and Customer Service Quality parameters, other than DCR, will remain same as in the previous

regulation and existing FD will continue.
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9.1

9.2

9.3

9.4

9.5

Radio Link Timeout (RLT)

Call Drop Rate at network level is assessed on the basis of information captured by the network. Call drop
is forced release when quality of voice call degrades below a pre-specified level. There may be scenarios
in real environment when degradation of voice quality may be for very short duration and cause of
degradation is likely to be temporary in nature e.g. user moving in and out of elevator (lift), passing
through tunnel etc. In such scenarios, users may experience degradation of quality but for a very short
duration. Degradation of voice quality for very short duration may also happen during the handover
process between cells. The duration of degradation may also be dependent upon radio network
deployment scenarios e.g. wide area cells and micro-cells may observe variations of different levels in the
network signal. Similarly, there may be variations in the duration for which degraded network signal

quality is observed.

Mobile networks are designed to take care of such scenarios and provide flexibility in the system through
configurable parameters to handle situations in different network deployment scenarios and traffic
patterns in different pockets of the network. In GSM system, RADIO_LINK_TIMEOUT value can be
maintained and broadcast by the network to the devices for initializing or re-initializing Counter 'S', as
defined by GSM specifications. The counter 'S' is incremented or decremented according to good and
poor quality on the Slow Associated Control Channel (SACCH) associated with a connection. When

Counter ‘S’ value becomes zero, radio resources are released.

In a GSM system, a mobile station (MS) making a voice call tracks a radio link counter, which is used to
ensure the quality of the radio link. The radio link counter is used to measure the quality on the Slow
Associated Control Channel (SACCH) associated with a connection (which may be used to carry a voice
call). At the start of a call, after handover, and after re-assignment, the radio link counter "S" is initialized
to a network-defined Radio Link Timeout (RLT) value. After every bad SACCH block, S is decreased by
1. After every good SACCH block, S is increased by 2 (to a maximum value of RLT). If the radio channel
conditions are bad, many radio blocks will be lost, and eventually the radio link counter will expire when
the value of S equals the expiry value (zero). This event is termed Radio Link Failure (RLF), and at that
point the device stops using the traffic channel. The commonly-seen problems leading to radio link failure
are (a) rapid radio channel degradation (e.g., due to sudden co-channel interference), (b) the network not
sending a handover message in time to avoid RLF and uplink interference and/or limit-of-sensitivity (due

to limited transmit power) issues.

For cells with obvious coverage holes or in areas where call drops occur during movement, a TSP can
increase this parameter appropriately in order to increase the possibility to resume the conversation. This
parameter is normally set depending upon the region — urban, semi-urban, rural areas. Though the RLT
value is normally set up as per the network, setting up high values for the same could lead to customer
dissatisfaction. Considering this, the views of stakeholders were sought as to whether RLT parameter

should be mandated or not and what should be the RLT values.

During public consultations, most of the stakeholders had suggested that RLT is just a configuration
parameter amongst thousands of other configuration parameters to counter various dynamic adverse
conditions and thus in the best interest of the TSPs being able to optimize their networks for delivering

good quality services, it should be kept out of the ambit of any regulatory framework. However, there
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9.6

9.7

10

10.1

10.2

10.3

were suggestions to mandate optimal value for RLT.

Normally the RLT value is defined, to be between 36 to 48 for areas of light traffic and large coverage
(rural areas); between 20 to 32 for areas of heavy traffic (urban areas); and between 4 to 16 for semi-urban
areas and in areas with heavy traffic (with microcells). TRAI had obtained the details of cells with RLT
values in the range of 0 to 16, 16 to 32, 32 to 48 and 48 to 64 from the service providers. On analysis of
this data it was seen that in most of the cases the RLT value is within the range of 32 to 48. However,

there were few cases where the RLT value was in the range of 48 to 64.

Inappropriately high RLT value configuration in the network may lead to a call not getting dropped even
in case of prolonged degraded quality of voice call. In such cases, users are likely to disconnect the call
because of poor quality of voice call and it may not be registered as call drop, though in real sense it was a
call drop. Hypothetically, RLT parameter can be misused to moderate call drop rate in the network but no
service provider is likely to adopt such practice as it will also deteriorate network performance. In view of
this, the Authority feels that there is no need for mandating any specific value of RLT as such but there is
a need to have mechanism to check inappropriate high RLT value configuration in the network. Since
such high values could lead to poor customer experience the Authority has decided to monitor such cells
through reporting by service providers for RLT values equal to or higher than 48 for more than three

consecutive days.
Use of Call Detail Records (CDR) meta data for call drop rate calculation

CDRs (Call Detail Records) which provide usage related information for a particular customer, may be an
additional source of information for the assessment of call drop rates. CDR captures cell id and duration
of the call. The analysis of CDRs with small duration and repetitive calls to same called party within
stipulated duration may give indication that the calls were probably getting dropped by the network.
Through data analytics of the CDR, it may be possible to identify probable call drop instances.

Stakeholders' views

a. During the consultation process all the service providers had opined that identification or segregation
of the Cause Codes whether they are due to network behavior or consumer behavior or device
behavior is not possible with present information in the CDR. Hence, call drop rate using CDR meta

data cannot be calculated.

b. One of the registered consumer organizations had suggested that CDR data method can be the

secondary source for calculating call drops and worst of the two results should be counted for

performance measurement.

The Authority, after considering the views of stakeholders and examining the issue found that cause codes
captured as a part of CDRs are not detailing the specific reasons related to radio network conditions and
mapping of radio network related events to the codes captured in CDR is many to one and this mapping
has non-uniform implementation among different telecom equipment vendors. It is also noted that
analytics of CDR indicates the probability of call drop but it may not be concluded only on the basis of
the CDR. This information may be helpful to identify likely problematic area and investigate further, if
required. Further, as the CDR also reflects details of the source and destination numbers, any analysis of

this data would also have to take into account the privacy of telecom subscribers. In view of these factors,
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the Authority has decided to undertake further analysis of this issue through engagements with expert

agencies/organizations to consider the usefulness of CDR meta data analysis and feasibility of

implementation.

11 Customer Satisfaction Index:

11.1 Measuring the QoE of consumers

a.

One of the options for measuring the QoE of the consumer could be to calculate the QoE as perceived
by the consumer. Perceived QoS could be assessed by customer surveys and from the service
provider’s network. Using the various network related parameters one can calculate the Network
Service Quality Index (NSQI). Similarly, the Customer Service Quality Index (CSQI) could be
calculated by focusing on the Customer Centric parameters like metering and billing credibility, for
post-paid and pre-paid; resolution of billing/ charging complaints, etc. Similarly, the Customer

Satisfaction Survey Quality Index (CSSQI) is calculated through consumer surveys.

These different indexes for could then be used to evaluate the performance of the cellular mobile
service providers on each parameter based on a 10-point score and by giving equal weightage to each
parameter. (Whenever a benchmark is achieved, a score of 10 points will be assigned to that
parameter. In case the performance of parameter is below benchmark, the score will be reduced
depending on level of performance). Accordingly, the total score for all parameters will be added.

Using these the ‘Customer Satisfaction Index’ (CSI) could be calculated.

The CSI combines the user behavior and the actual performance of the network, Technical Quality
perception and Service Quality Perception are included to distinguish network technologies and
service quality from customer’s perspective. While Technical specifications are also added for
evaluating the real performance of the network. To calculate this, a number of latent variable needs to
be defined - Customer Expectation; Value perception; Technical quality perception; Customer

Satisfaction; Service quality perception; Customer Loyalty; and Technical Specifications.

The views of stakeholders were sought on the utility of customer satisfaction index, the methodology

of calculation, the latent variables that need to be defined and how they are to be calculated.

11.2  Stakeholders' views

a.

During consultation process the service providers and their associations had suggested that Quality of
Experience(QoE) is subjective and varies with the expectation of the consumers and affected by
various factors such as awareness, experience, media, perception etc. and hence, it should not be

measured.

One of the consumer organization registered with TRAI suggested that the QoE can be calculated by
giving weightage of 30% for NSQI, 40% to CSQI and 30% to CSSQI and CSSQI need to be refined
based on experience of at least 2 years. There was also a suggestion that a SIM may be used by the
TSPs to measure the QoE of customers as it will help the TSPs to invest wisely. Direct engagement
with the customer to measure QoE is not suggested as their input to key performance indicator (KPI)

is subjective.

The Authority considered the views of the stakeholders and has felt the need for using technological
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platforms, involving customers, to collect and assess feedback of QoE by the customers. In this
regard, TRAI has recently launched the “TRAI MyCall App” through which the customers can rate
their call quality experience. Also the App can capture the call quality and report to TRAIL. The
analytics of the data collected via App can be presented in a manner which enables consumers to

understand the perceived quality of different service providers’ network.
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