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1. 9glisgo¢mo
36256000 Imdbsgdwos 3009603530900l 3Tolool 535MoE0ob L39dEHMOLs s Bgdbmemaool
9350353963 0b 309, 5635000 FM0393L ,M03 BHJLEHOL™ 06gMMTo305L s Jolo JoBsbos dmgero
LogdoMmm39mL FolidEHsd00 dMdOEYHO dMTLsbwMHgmdgdol batolbol 33eg3s s Imbo@mmobyo.

dbgogLo 33¢g39%0 93MM30L MBgAIL 39969030 GHoMHYds s Folo BoBsbos MdOMO dmdLobmEgdol
05BoMHBY K 9bLOMO 3:639Mgb300L A5dE0gMHGdS, BMTLobwMmgdZdOL boerolbol goBMmELL s 363d06M0oL
900MoMd0L M bObzgeyma3s.

9650000 sbsbogl ImdowMMO Jugergdol 9gg3elgdol olgom Jobsliosmgdgwl, HeYMMmYdOES Jugwrol
Q5539M30L 3gMAMIR0NM0 50950, 0bEIORINI6E00L ™Y, A5BLMMEF0JEGdWWO BMFdOL LESEOLEH0ZS
5 bbgo. bogMHmsdmEmobe 36odEH030L s M93m9bsE0gd0L dobygzom, MOmMMYMEolsm30L

296L5BE3OHYOos GgLodsdolbo KPIs (Key Performance Indicators), ®mggdog 3965306039096 omdomdols
doOOmMo FoboliosmgdegdL.

2. 9mbo@mmobyols 9gcga0

9mbo@m®m0bgol 3gmomo: brgddgMo 2024 .
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2.1. Voice Calls - bdmgsbo stigdo (GSM, UMTS)

Good Calls 3o60:  296.00% GM©Oo: < 96.00%
0530003030 Lbogrdby@o bgwgo
100.0% 100.0% 99.5%
Failed Calls 396o: 4.0 G9©o: >4.0%
0530003030 Lbogrdby@o bgwgo
0.0% 0.0% 0.5%
250
200
150
100
50
0
050000330 boendbgdo bgeao
No Service 0 0 1
W Call Cancelled 0 0 0
H Good 192 183 184

B Good M Call Cancelled

No Service

Call Setup Time (s) BghHmmo 860336gammds: < 10s
0o303md0 Loangdbg@o Lbywago
<10 28.13% 93.99% 79.89%
10-15 71.35% 6.01% 19.57%
>15 0.52% 0.00% 0.54%

© 13gdBHE0L s BgIbmE MO0l 35MEFSIY6EH0, dmboBmMmobyol xan0, 2024
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2.2. 8(*153380)5@.3(38015 dmdlbobwegds (LTE)

HTTP Average Data Rate (3d0¢/{0) 3560:  25.53d03/f0 3Mo: < 5.53d03/f0
0om03mdo bogrdbg@o bgwgo
63.8 47.3 18.1

HTTP 3603 ™30me00 8500l godmfigmholsl sgodlo®mgdmewo bsdoswm bobdsty (3d0@/{d)

oo | 5.1

bowdbgdo

47.3

dogmo3mdo 63.8

o
=
o
N
o

30 40 50 60 70

Kepler-ob 4396@0b BsdmEH3000308 @Mmb sx0dsoMgdweo bsdrgsem oBdstg (3d0@/(0)

Lgwgo 1.27

=
u
o

boergbyho

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

o
o
)

HTTP 363 ™3000> J035Omm30b5L Ho®mds@gdwmo 30gd0b 3GmEgbdmwo dsB3969d8gwo

Lgergo 99.7%

Loegbg®o 91.9%

© 13gdBHE0L s BgIbmE MO0l 35MEFSIY6EH0, dmboBmMmobyol xan0, 2024




339603530990l 3moLos

o ST amaee s TN i

FTP Average Data Rate (380¢/$0) 30630: = 5.5 3bo/fd 37Q0: < 5.5 330¢)/fd
0530003030 Lbogrdby@o bgwgo
! 18.4 20.0 9.20

FTP 3603 ™300 83500l 5E300030LsL ©sx50gboM9dveo bydrgscm bobdsmg (3d0@)/fd)

bgego 9.20

!

10 15 20 25

o
(€]

FTP 36m@™3m@00) 80356:003085L §o6853 90990 (300900L 30m396E 1o 853969090

98.7%

90.6%

100.0%

2.3. GSM 94bmemp0sbg 3mdwmdsgg Jugergdo

RX_LEV (dbm) 356M30: -80dbm GMEo:  -92dbm
0opm03mdo Lbogrdbg@o bgwgo
<= -96dbm 0.0% 0.0% 0.0%
<= -92dbm 0.0% 0.0% 0.0%
<= -80dbm 0.9% 0.0% 3.6%
: <= -56dbm 42.5% 42.8% 78.6%
! <= -40dbm 50.4% 51.8% 17.9%
> -40dbm 6.2% 5.4% 0.0%
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100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

0.0%

99.1% 100.0% 96.5%

3.6%
—

0.0%  0.0% 0.9%  0.0%

(39900 Lodgom 3960

W dspoo3mdo  MLowdbgdo MULgwgo

C/1 (db)

brgtrmmo 360936gemmds:  18db

0om03mdo Lbogdby@o b0

<=8db

0.9% 5.5% 0.0%

<=14 db

0.0% 11.9% 2.7%

<=18 db

4.5% 4.6% 6.2%

<=24db

13.4% 19.3% 17.9%

<=32db

67.9% 54.1% 71.4%

>32db

13.4% 4.6% 1.8%

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

94.7% 911%

78.0%

22.0%

E— [

3O 39030

W dopo03mdo  MLowdbgdo MLgwgo
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2.4. UMTS &1dbmammyostg 888539 Jigergdo
RSCP (dbm) 3560: -85dbm 3Mo: -95dbm
053000330 Loerdbgdo bgwgo
<=-100dbm 0.0% 0.0% 0.0%
<= -95dbm 0.0% 0.0% 0.0%
g <= -85dbm 0.0% 0.0% 0.0%
<= -75dbm 0.0% 1.8% 6.1% 3
; e il 56.6% 59.3% 82.6%
? > -60dbm 43.4% 38.9% 11.3%
100.0% 100.0% 100.0% 100.0%
! 90.0%
80.0%
i 70.0%
60.0% i
50.0%
40.0% i
30.0%
20.0%
10.0% 0.0% 00% 0.0% 0.0% 00% 0.0%
0.0%
(390 Lodwgoerm 3560

B Jspmozmdo MULowdbgdo MULgwgo

Ec/lo (db) 3560:  -10db gmo: -15db
8530030900 BowgBdo bgeaso
<=-25db 0.0% 0.0% 0.0%
<=-20db 0.9% 1.8% 0.9%
; <=-15db 3.5% 3.5% 0.9%
; <=-10db 20.4% 8.8% 15.7%
<=-6.3db 46.9% 50.4% 56.5%
! >-6.3db 28.3% 35.4% 26.1%
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100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%

30.0% 20.49
20.0% 7 15.7%

0,
10.0% 44% 53% gy . 8.8%
0.0% - m .
GIXO Lodwgoem

B Jopo03mdo  EMLowmdbgBo MULgwgo

2.5. LTE ¢)g96memao0sbg dmdmadsgg Jugegdo

85.8% g3 6%

75.2%

3960

RSRP (db) 39Mp0: -100dbm 3wo: -108dbm
0om03mdo Lbogdbg@o bgwao

<=-115 dbm 0.0% 0.0% 0.0%
<=-108 dbm 0.0% 0.0% 0.0%
<=-100 dbm 0.0% 0.0% 0.9%
<=-90 dbm 0.8% 4.3% 5.3%
<=-60 dbm 77.8% 76.7% 84.2%
> 60 dbm 21.4% 19.0% 9.6%
100.0% 100.0% 100.0% 99.1%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0% 00% 0.0% 0.0% 00% 00% 0.9%

0.0%
(3990 Lodmom 3960

B dspmozmdo MULowmdbgdo MLgwgo
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SINR (db)

35Mp0: 5db goo: 0db
053000330 Lbogdbg@o bgwao
<=-10db 1.7% 0.9% 2.6%
<=0db 24.8% 3.4% 20.2%
<=5db 17.9% 19.0% 30.7%
<=10db 25.6% 25.0% 23.7%
<=15db 14.5% 29.3% 15.8%
> 15 db 15.4% 22.4% 7.0%
100.0%
80.0% 76.7%
0 55.5%
e0.0% 46.5%
40.0% 9 30.7%
26.5% 22 8% )
17.9% 19.0%
20.0%
=1 mn
0.0% I—
(39900 Lodogoenm 3960

W dspo03mdo  MLowdbg@o

3. ,Q0M503-AJLEHOL" FgNMOMEMY0S

3.1. 359mygbgdmeo 535Mm5&EHMGS

B Lywgo

Lm0 2 SbobIZL ,M03-GJuBHOL” OML Fodmygbgdmero 535M3GVIMOL PsOMZ0L bdgdab:

e 533MIMBOWO  SOFNMZ0w05: 3nI30GHIO0m, MIMIOMs3 0FsMMYdS FoBMIZgd0, BMOdOEOHO
A96M3obocrgdo o 13bgmo; 3 gMmgMo  dmdowMo  FGgMdobserood Samsung Galaxy S4,
SbmM 30909096 Bo0L [odmfygosl mommMgmwo Mm3gMo@MmMol dmdowvim Jugwdo; 3 9MHmYMEo
dmdowMHo GHamdobseroom Sony Xperia XZ1, Hm3wgdog sbm30909096 dmbszgdms 4005390l
AILGHO0MIOL MMOMNMYME0 M3GHSGMOOL IMdOME Jugedo; b3sbgo Rohde&Schwarz TSMW-om
b6 3090905 GSM/UMTS/LTE 9d6memaogdol b3sbo®mgds. 13s69ML 2558605 2 sdmm300989wo
9b6G9bs, OMIgd0i3 Fobmogligdmeros 93@MIMdOOL Lobw®magzbg. B3sbgMo sEFMmz000s GPS!

9080900 3MfymdoEMmdom, Jolo 965E9bs gobmoglindme0s 53EHMIMdOEIOL LobMI3DyY.
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30)23{36030(5001) 3’(;1]62)5001) 39600500 256053193905 3 IMdOEIOO GgMdobsero Samsung Galaxy
S4. 50bodbmmo  Ggmdobscgdo  3Mbd30mboMgdgb Fbmwm© DGOl  GHgMIobsgool  Mgg0ddo.
396053L900L 500 F9HbgMEos Logbseol dodlodo M bEdOW MO d0Mgdol mbol s
90b0dserMo BPL2-0l gomgscolfjobgdoom.

A9bGHOL OHML MBOWD39WYMR0E0s iICPLE oBMIZ3900 s MBS 0gmb om35wobfiobgdmwo sds@gdomo
90¢93500Md0L Mbg 5-15dB*, Goms 3008396LoMEIL Logbsrol Jogrg3s 93¢MIMdOOL Lognmbdo.

3.2. 8mbs399900L sb5¢roBo

33193500 dmyY3560e0 45DMIZ900L ©s3T539ds MBOHMB3gymBowos Rohde&Schwarz Network Problems
Analyzer 36Hm650Mw0 MHOHYb3gEYMBom. 40983039008 s O0sMF9d0L bafowo s39dmwos Maplnfo,
Microsoft Excel cos MathLab 36mg@Msdwgaro «bmbzgumygmgoom.

4. 39x8sLgdoL 3MG0EIModgdo

4.1. bdm3560 353mdsbgdols dmALobmErgds

395133900 Fo@dmgdl gaMgo {rgdmwo ,z3s6xMOL* 3MHOBE030m, Losa RoBLIBOZHMWos VoMol O™,
35BoL OOHM S ©529696M5300L 39MHOMEO (56 Fs00 3MTB0bsE0s). obowgm Lzgbso:

e DBM0 bmME309mgds 08539 M3gMHOEGHMMOL Jugerdo Bs®0¥)E dMmdoE GgMHdobswby;
o DBMOL BbX M - 90 90, MHMIgero 99ygds:
o B0l §odmfggds - 20 {odo;

2 BPL (Building Penetration Loss, dB) — 30g93500mds, Hm3gembsg 396030l ®som bogbsero d9bmdsdo dgmfiggolst.
3 iCPL, CPL (in-Car Penetration Loss, dB) — 809350005, ®mIgembsg 2960300l GHo@om Loabswo s3¢mdmdowol
Laermbdo dgmfigzoLsb.
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) ba(:;go °Obo ~90 §o0L 290m 30930 BsMOUL Fodm{iygdol boby®darogmds;
o 357H5 BoMgdl ImMob - 5 {fsdo.
0 (3030l gobdgmegds.

299ggb9gde0s M30LwRso Mgx0do GSM, WCDMA 56 LTE ¢gdbmemyoqdl dmemol.

Voice Calls

bdm3560 259mdsbgdols gnsLgdoLol 0BMIGds s BoliYds 98I0 JOMOMIO 3561539GHMO:

e TFailed Calls — 603600 3609369wmds: < 4%°;
e Good Call - B3Mmeo 36093690 mds: >= 96%;

e (all Setup Time - 6360 36093690 mds: <= 10{3.

Failed Calls: 56v935@&9gds@ 256bm®mE30gwgdmmo bo@gdol (Failed Calls) 36m3gb@wyaro 9s6396909e00:
9902905 999939300 BoMgdools 96 dmALobYMHGOOL 6 5MBYOMBOLQD. (Call Canceled s Blocked) -
OHmbs3 G9M0bscrols JogH 0bo306093o bdmzsbo 4odmdobgds 396 bmMEogeqds. dmdbsbm@madol 56
MLgdMds (No Service) - HMEgLOE YOS 3960 BgMBEYOdS Lo gnmbm dmdLobwyMmgdol 56 sGLGdMdOL
PRGIOR

Good Call: (o353 gdo© A5BbMO30gwgdeo HoMgdol (Good Call) 3Omi3gb@Geo  dsB3969dger0 -
OHMYLSE IMBIOWMHO 3HYMT0BIO s3Bogb0L Flisdsdol Immbmgbsls Jugwrdo, Gol 999gyo3 bMME0IYdS

Jugol doge Mglm@LYdOL godmygmas, LEdMEMM S0MbI6EHOL FHYMT0bIW B 353006MH0OL AYsMYdS o,
396LYBOZHWO MOl T8I, 35330M0L 3MM9dE o F9fy39de-

I Call Setup Time: 353306H0L Y5900l G (Call Setup Time, {fo09030), O™ OHMIG0E 2900L 5dMBI6EOL
i B30 5360958306 MIsEm© bdm3zsbo 3538000l sTYsMINdSAY.

4.2. 9cbs390005 235¢053990L dmMALEbYYEHYDS

’ 9mb53900 450053990l dmALEbBYYMHgdOL Fgslgdols JobBbom, mommgmeo bglos 89agds Lbgsslbgs Labols
i 535009090056, IMbsgdms BoGz0mMmm3z0L LoBds®ol glogsligdurs BsFoMms, dmboal godloMgdwyero
Bmdol gsools byMH39OHBY 5BH30MM35/BsdMmEZ0MM35 (ETSI TR 102 678-1 (193mI9b©s(309):

e HTTP (Downlink Speed) - 30b603sgowy®o: >= 0.2 3d0@/(0; 3o06p0: >= 5.5 3do@/f0.
e FTP (Uplink Speed) - 90b0o8s¢qrw®o: >= 0.2 3d0@/{0; 306p0: >=5.5 3do@/(0.

5 Nochiri.Ifeoma.U, C.C Osuagwu, K.C. Okafor, Empirical Analysis on the GSM Network KPls Using Real- Time Methodology for a

CalE R
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4.3. GSM gligamols @sgs630L BsbsbosmgBangdo

MmO 5 3600005, GSM 3doHo 3gMdobseol LEedoww®o m8scmdolsmgol bs3ds®obos -92 dBm®
dogdol mbg (RxLev), Jop®sd dbg39wmdsdo Mbs 0dbsl domgdmwo 5©sdosbol Lbgmeom s

996md580/53¢MIMdoIo Bgmfiggolol’ gsdmfiggmeo Logboswrol ©sbs35Mgd0, s gl sh3969dw9gd0 sefig3L
-80 dBm?® (RxLev).

GSM gugan8o 0Dmdgds s Bobigds MO0 JoMOMSEO 356M59xGM0, MHMIJwoE IBLIBOZMHZL OBIGZOL
Dmbsoby s ba®olbl RxLev s C/1.

RxLev: 15356960l 3096 gobmdowo GSM boabsgrol 303160 LoEyO0Esb d00gdwo Logbseols mby
RxLev, ®m39wo3 30Jbo6Mgds 25bmdzol 306309@GHwe §96Gowdo s §o0dmaoyqbl bowg3gomglie Logbownls
939090 W M35300BsM30L. JoGo: > -80; 310 <= -92 ©da.

C/T: 3500593 960bs s 0bEgOx9M96300L Bobmds C/I°. brgtvywo 9609369 mds: >= 1810 ©d.

4.4. UMTS gugerol sgs®3zol dobsbiosmgdergdo

OMamO3 36mdowos, UMTS (CAT 3)! 3mdow®o ¢gemdobsgrol bEedoww®o 38s0mdobsmzol Lozds®olos -
95 dBm** d00gdol mby (RSCP), 3s3Ms0 3bg39e™mds30 Mbs 04658 50gdw9e0 5@s30560L bbgmmom s
996Md590/53EHMIMd0T0 259mfF39991e0 LobsE ol J0Eg35MdS (b Mgdom 8-12dBm), 9 35B3969dgd0
50f93L -85 dBm. Bmy0050, 3oblsbmzmveos 8990090 ©™bggdo 3900l sdsdEMdOLIMZ0L: JoGyo (RSCP
> -80 dBm), Lodwsee (-80 dBm >= RSCP > -95 dBm) oo byli@o (RSCP <=-95 dBm)!3,

UMTS Jugew8o 0Bmdgds o Bobgds MO0 doMmoms@o 3560539300, Mmdgmon gobloBmamogl oxgsm3zol
Bmbobs s ba®olbl RSCP s Ec/lo.

RSCP: 8009939900 boabagrol ombg RSCP (Received Signal Code Power), 56w 80093900 Logbsgol 3mools
Lo H36Y. 2oBLEBOZOos UMTS ¢9dbmemmyools Jugerdo. 3s00: > -85; 390 < -95 ©dd.

® CEPT-0b (930965305, ECC REPORT 118, p. 6: RxLev >= -92 dBm [RxLev >= 18 (dox 900l dobgwgom)].

7 ETSI GSM recommendation 03.30: BPL @005 15-18 dB-0b 8lbgow @asbsbangd«ye 3996480 @s 10 dB-ob Goombgddo.
§obodgdsmyg 3393580, Rohde&Schwartz-ol 693096 o305g oy bmdom, 3sdmyqbgdwyeos BPL=12 dB.

8.92 dBm+12dB =- 80 dBm.

® Carrier to Interference ratio

10 J6rg Eberspacher, Hans-Jérg Vogel, Christian Bettstetter, Christian Hartmann, GSM — Architecture, Protocols and Services,
2009, 33960 26.

11 Category 3 - 89-3 35¢)93000L F9OHF0BIWO. HOMNMIMNEO 35EJRMM0S FBLIBEZOZL BOWMIGO G9HFoBsErol
9360 36Md05MMBdOL MbL, 2503990l FoglodoE LoddsgzMgl, 585 0¥ 00 FmALobwMHYdOLEMZ0L 59930 O
3060MdgdL o bgo.

12 ADVANCEDCELLULAR NETWORK PLANNING AND OPTIMISATION, Ajay R Mishra

EaTE R 2
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Ec/Io: bogé@/oﬁégg@geoob BoMMds Ec/lo. 3otgo: > -6.3* ©d; 399000 < -15 o.

4.5. LTE gugemols osgszol dsbsliosmgdergdo

LTE Jugedo 0Bmdgds s Boligds MHmyMM 3 J0M0MOO, 15939 b3S odsEgdomo:

e RSRP - 3560: > -1000009'5; 31000 < -108¢0d0.
e SINR - 3560: > = 10000; 399000 < 500d.

RSRP: 69539096 wco boabserol domgdyeo boddesg®g. (RSRP - Reference Signal Received Power).
356539300, MMIGE05 35dm0Ygbgds Logboswols mbol Qslsbmds

SINR: Logbseol 3oMm@Mds 06EHIORIOI6E00LS s bAsw®mmsb (SINR - Signal to Interference and Noise Ratio).
356599300, MMIgog HoMmdmoyqbl dmEgdmeo bogbswol Loddwsgzmol BoMmEMIL 0bGHIORIOI6E00L
1035300 (Fo®IM0ddbgds Lb3s LobsrgdOLLYB) s SMBTO sOLYdMEO bTsMOL LOTISZMOL K 5TFb.

14 D. Fox, Testing UMTS, 2008, 93900 117

Satrinaes RS
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