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1. 9glsgo¢mo

365080 ImIBYdMos 300399603530930L 32TOLOOL 535MEOL b3gdEMOoLs s Ggdbmemyools
935053960l J0g6, 5690080 o33 ,M503 BHILAEHOL” 0bBMMT5305L s oo doBbsbos Jmgwo
L5JoM39w ML JobdEH5d000 IMBOW MO IMALEbBYIMHYMBIOOL boGIOLBOL 33¢0935 S dmbo@MmMobyo.
aboglio 33093900 93M™M30L «dgEHal 30469030 BHoMYds s Jolo J0BB0s IMdOWMEO dMALEbMEdOL
05BoMBY X 9bLOWO 3Mb3MMIBE00L 45dE0gMgds, FMALbMadgdOL boMOlbOL ASBOIL S 353d0MOL
9005 Md0L YBOHMb3gEYMRs.

9b6296Mm080 sLsbgL IMdO MO Jugergdol FgxsLgdol 0ligo Tosbslinsmgdganl, HMYMEMGBdOESS Jugeols
QOGBSMZ0L FgMAMIGOIE0 5050, 0bEIORIMIB300L MBY, FobbmMmEogEgd o BsMYGOOL LESEHOLE0IS
5 Bb3gs. LogMHMTMOOLM 3M5J3H030L s M93mT9bEoE0gdOL FobgZ0m, MOMMYYOLIMZOL
296L5BO3MHM0s Jgbsdsdolo KPIs (Key Performance Indicators), Hmdgdoa 29653060md9096 omdsmdols
doM005 Fobol0sMYGOEGOU.

2. 9mbo@mmobyols 9gcoga0
9mbo@m®m0obgol 3gmomo: 0gbolo, 2022.
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2.1. Voice Calls - bdmgsbo bstrgdo (GSM, UMTYS)
: Good Calls BrgeHwo 3609369e0mdo: 96.00%
053000330 Lbogrdby@o 30mb0 bogsOmnzggwm
99.6% 98.8% 92.7%
Failed Calls g6 o 9603369wmds: 4.0% i
i 0om03mdo Lbogdbg@o 30060 LgsGmgzgam
0.4% 1.2% 7.3%
. Call Setup Time (s) brghrieo 360936gcmds: 10s
i do03m30 Logdby@o 30060 LsgsGmgzgam
, <10 93.57% 90.38% 20.28% !
10-15 6.02% 9.62% 74.65% E
| >15 0.40% 0.00% 5.07% ’
2.2. 3mbs3900s 25053990L dmALEbEgds (LTE)
| HTTP Average Data Rate (3d0¢)/{0) bgOewo 860836gwmds: 5.5 :
! !
05000330 Lbogdbg@o 30060 LsgsOmgzgmm :
22.7 36.1 9.7 !

HTTP 36:0@ ™300 350¢0b 30dmfgHolel sg30duo®mgdmwo bsdoswm bobdsmg (Ad0®/f0)

30060 bodsOmzgem

: boeodBoeo 36.1

N
N

0020330
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HTTP 36:0¢™30m00 3085600030b5L Fomda@gdmmo 300900l 30mEgbd o dsb39b9dgwo
: 100%
| FTP Average Data Rate (8d0¢)/§jd) bghrwo d60dgbgermds: 5.5
; 0om03mdo Logdby@o 30060 LsgsGmgzgmm
! 17.3 7.8 5.1

FTP 36003000 B500ol 5330003056 ©og30du0Mmgdeo bsdsgswm bobdsmg (3d0E/f0)

30mb60 bogsGmnggem 5.1
0 2 4 6 8 10 12 14 16 18 20

FTP 360@™3m@00) 80356:003085L Fo6853 909900 (300900L 30396 E o 8sB396989w0
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2.3. GSM B39bmanmp0s%q 8mdeyBgg Jugegdo

RX_LEV (dbm) 3oMg0: -80dbm g©o: -92dbm
0530003030 Lbogrdby@o 30060 LgsOmgzgewm
<= -96dbm 0.0% 0.0% 0.0%
<= -92dbm 0.0% 0.0% 0.0%
! <= -80dbm 0.0% 0.0% 15.2%
5 <= -56dbm 35.8% 25.7% 74.3%
_ <= -40dbm 58.5% 66.7% 10.5%
> -40dbm 5.7% 7.6% 0.0%
: 100.0% 100.0% 100.0%
i 90.0% 84.8%
80.0%
! 70.0%
60.0%
i 50.0%
40.0%
'= 30.0%
20.0% 15.2%
10.0% 0.0% 00% 0.0% 0.0%  0.0%
0.0%
(3490 Bodrom 39690
W dopoo3mdo  MLowdbgdo 30mb0 bogsGmggmm
C/1 (db) bogmmmo 3609369¢omds:  18db
; 0om03mdo Lbogrdby@o 30060 LogsOmgzgmwm
<=8db 0.0% 0.0% 0.0%
; <= 14 db 0.9% 1.0% 2.9%
<=18db 1.9% 0.0% 2.9%
f <=24db 9.4% 10.5% 13.3%
<=32db 78.3% 70.5% 75.2%
: 32 db 9.4% 18.1% 5.7%
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100.0% 97.1% 99.1% 94.2%

80.0%
60.0%
40.0%

20.0%

2.8% 1.0% 5.8%

0.0%

370 39030

B Jopo03mdo  MLowdbgdo 30mb60 bogoGmggamm

2.4. UMTS 9dbmemeosbg dmd«xdsgg Jugegdo

RSCP (dbm) 3o6o: -85dbm go: -95dbm
|
. 0om03mdo Lboerdbgdo 30060 LgsOmgzgwm |
; <=-100dbm 0.0% 0.0% 0.0%
<=-95dbm 0.0% 0.0% 2.9%
<=-85dbm 1.0% 0.0% 14.3%
<=-75dbm 7.6% 7.6% 27.6%
<=-60dbm 50.5% 53.3% 38.1%
> -60dbm 41.0% 39.0% 17.1% H
i 100.0% 99.1%  99.9%
90.0% 82.8%
80.0%
70.0%
60.0%
5 50.0%
: 40.0%
30.0%
i 20.0% 14.3%
10.0% 0.0% 00% 2% 1.0%  0.0%
0.0%
: 3OO Lodogocm 35620
W dsymozmdo  MLoerdbg@o 30060 bodoGmzgum
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Ec/lo (db) 35Mp0: -10db 3wo: -15db
053003030 Lbogdby@o 30mb0 bsgsOmnggam
<=-25db 1.0% 0.0% 0.0%
<=-20db 1.0% 0.0% 0.0%
| <=-15db 13.3% 1.9% 1.0%
5 <=-10db 25.7% 9.5% 8.6%
_ <=-6.3db 38.1% 51.4% 52.4%
>-6.3 db 21.0% 37.1% 38.1%
100.0% 88.5% 90-5%
90.0%
80.0%
! 70.0% 59.1%
! 60.0%
50.0%
'= 40.0%
30.0% £l
0 15.3%
20.0% 95%  8.6%
10.0% 1.9% 1.0%
0.0% - -
(390 bodmogom 3960
B dsgyomozmdo  BLowdbgdo 30060 bygsGrmzgem
| 2.5. LTE ¢9gdbmemyosbg 3mdmdsgg Jugergdo
RSRP (db) 3oMgo: -100dbm 3wo: -108dbm
E 0o03m30 Loangbg@o 30060 bogsOmzgem
| <=-115 dbm 0.0% 0.0% 0.0%
: <=-108 dbm 0.0% 0.0% 0.0%
_ <=-100 dbm 0.0% 0.0% 0.0%
<= -90 dbm 1.9% 1.0% 6.6%
[ <=-60 dbm 79.2% 76.2% 64.2%
> @) &5 18.9% 22.9% 29.2%
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100.0%
90.0%
80.0%

i 70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

100.0% 100.0%

10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
0.0%

(390 bodmoem 3900

B dogonozmdo  BlLowdbgdo 30060 bodsGm3gwMm

SINR (db) 3oMgo: 5db gwo: 0db

0om03mdo Lbogdbg@o 30060 LogsGmgzgmm
<=-10db 0.9% 0.0% 0.0%
<=0db 10.4% 3.8% 14.2%
<=5db 18.9% 17.1% 19.8%
<=10db 19.8% 23.8% 20.8%
<=15db 32.1% 28.6% 15.1%

>15db 17.9% 26.7% 30.2%

100.0%

90.0%

0,

! 80.0% 69.8%
70.0%
60.0%
50.0%
40.0%

i 30.0%
i ’ . 18.9% 17.1% 19.8%
20.0% 11.3% 14.2%

10.0% 3.8% . .
! 0.0% —

(3990 Lodwmorm 3960

79.1%

66.1%

W dspoo3mdo  MLowdbgdo 30mb60 bogsGmgzgam
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o~ tERS

3. ,,qg@g-ogboob“ gmm@ ; Y05
3.1. 959mygbgdero 535GMFEH™GMS

LMOOmO 2 SbHIZL ,M03-GJuEHOL OML FodmygbgdeEro 535M3EVIMOL BsO™MZOL bidgdab:

*  533MIMBOEO  SVFMMZ0W0s: 3MI30BHIN0®, OMIOMSE 0FsOMYOS dBMB3900, FMdOWIMO
A96M3obocrgdo o 13bgmo; 3 gMmgMeo  dmdoMo  FBHgmdobserood Samsung Galaxy S4,
SbMO 309009096 B0l [odmfggosl momMmgMEo Mm3gMoEGMmMol dmdow® Jugwdo; 3 9MHMYMo
dmdowMo GHgmdobseroom Sony Xperia XZ1, Hm3gdog sbem™30909096 dmbszgdms 49053930l
A9LGHMGOL MOOMYME0 M39MGHMEOOL dmdo® Jugedo; b3sbg@o Rohde&Schwarz TSMW-om
b Eogegds GSM/UMTS/LTE ¢9dbmemyogdol 1135606090s. b3sbgml 2556600 2 0s8mw 3009890
BB, OMIo0i3 obmogligdmeros 93@MIMIOWOL Lobw®msgzbg. B3sbgMo sEFMM30w0s GPS!
0000900 dMfymdoEMmdom, JoLo 95E9bs gobmoglindmeos 53EHMIMdOEIOL LobMI3ByY.

e 3m39603530900L 3030booL F96mdsd0 A5bMI3LYdIM0s 3 FMdOE OO FgMdobsero Samsung Galaxy
S4. 50bodbmmo  Ggmdobscgdo  3Mbd30mboMgdgb FbmEm© BBl  GHMIobsgool  Mgg0ddo.
2396053L9d0L sa0wo FgMhgmos Logabowrol dosduodserMms LEBOW MO Jorgdol Mbol s

d0bodserMo BPL2-0l gomgscolfjobgdoom.

A9bGHOL OML MBOWD39WYMBR0w0s iICPLE oBMI3900 s Mbs 0gmb om35w0ob{iobgdmwo ©sds@gdomo
9009350Md0L EMbg 5-15dB*, Moms 3m3396LoMEIL Logbswol dowgzs s3EHMIMdOEOL Loermbdo.

3.2. 8mbs399900l 565¢w0Bo

33193580 dmyz5600 45HBMB3900L ©3w)dsgzgds M bBMrmblzguymzowos Rohde&Schwarz Network Problems
Analyzer 36HmyM53vo 1bOOHMB3gYmzBom. 30593039008 s OsM3900L bsfowro spqdmwos Maplnfo,
Microsoft Excel cos MathLab 36mg@Msdwgaro «bmbzgumrymgoom.

! GPS (Global Positioning System) - 4emds¢)M0 3mbozombo®gdol Lobdnds.

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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4. 8393.3156015 36)00966560

4.1. bdmgzs60 359mdsbgdol dmALabMM9dS

290MI3980 (oMImgdl 9aMgom mgdMwo ,,53sbxMOL" 3600b3030m, Losa FobloBLIOMW0s oMol MM,
357)Bol MM s M99696 5300l 39M0MEO (56 Fo00 3Mm3d0bs3E0s). obowgm bggbsto:

o DBsM0 bmM 309905 03539 M3gMHOEGHMMOL Jugerdo Bs®0¥E dMmdOME GgMHdobowbHy;
o DBMOL Bobx oM - 100 80, HMIgero 99ygds:
o Dot §odmfiygds - 15 §sdo;
; o bdmgzs60 Bo®o - 100 {odl 4580 3gdE0 B0l Fodmfiggdol boby®darogzmds;
o 3579%5 B5OIRL Jmeol - 10 Fodo.
0 (3030l gobdgmMgds.

259mggb9gd)e0s M530LwRseo Mgx0do GSM, WCDMA 56 LTE ¢gdbmemyoqdl dmemol.

Voice Calls

b3m3560 259mdsbgdols gnsLgdolsl 0BMIgds s BoliYds B98I0 JOMOMIO 3561539 MO:

! e Failed Calls — b036mwo 860336gwmmds: < 4%;
' ¢ Good Call - 0360 360d36gwmds: >= 96%;

e (all Setup Time - b36Mmwo 36093690 mds: <= 5(0.

Failed Calls: §o6v90539gds@ 256bm®mE0gwgdmmo bo@gdol (Failed Calls) 36Hm3gb@wyaro 9s639690900:
| 9900905 999939300 BoMgdols 96 dmALobMgdOL 56 sMBYOMBOLQ. (Call Canceled s Blocked) -
: MHm9gbs3 G9MB0bseols JogH 0bo306M9dmo bdmzsbo godmdsbgds 396 bmMEogmgds. dmaLobm@mgdol 56
oMLgdMds (No Service) - HMEILYE TYsMOs 3960 HgMLEYdS Lo gnmbm dMmALobwyMmgdol 56 sOLYdIMdOL

PRGIOR

| Good Call: {oM3539des© gobbmMmE0gwgdrmo Bocmgdol (Good Call) 3MmEgbdwwo  dsB3969dgwo -
i MHMOYLSE IMDOWMMHO 3HYMT0bo s3Hegbol Fglisdsdol mmbmgbsls Jugewdo, Gol 999gyo3 bMME0IYdS
Jugol 8oge Mglm@LYdOL Fodmymas, LEdMEWMM SdMbI6EHOL FHYMTbIW B 353806MH0L OAYMYdS o,
239BLsBEZOMo OHMOL 8939, 39380M0L 3MgdEHo T9Fy39®s.

5 Nochiri.Ifeoma.U, C.C Osuagwu, K.C. Okafor, Empirical Analysis on the GSM Network KPls Using Real- Time Methodology for a
Novel Network Integration, Progress In Science and Engineering Research Journal, 3396000 98 ...

i
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Call SetupLTmeggéﬁ)ob ‘;8936)36015 O (Call Setup Time, §599090), O™ HMIGOE F9OL 5dMBIBEHOL
B0IHoL 53609530096 MIsEm© bdm3zs60 35380M0OL sTYsMINdSAY.

4.2. 9mb5(39005 350053980l AMALEbMYdS

dmb53900m 450053990l dmALsbYMHgdoL FgxsLgdols JoBbom, mommgmeo bglos 89agds Lbgsslbgs Labol
535009090056, IMbsgdms BoGz0mMmm3z0L Lobds®ol glogsligders BsFoMms, dmbal BodloMgdwyero
B0l gsools bgM3zgerHg 5BH30MM35/BsdMmEG300MM3s (ETSI TR 102 678-1 (193md9b@s(300):

e HTTP (Downlink Speed) - dobodsgowy®o: >= 0.2 3d0@/{0; 3o06p0: >= 5.5 3do@/f0.
e FTP (Uplink Speed) - 90608sqow®o: >= 0.2 3d0@/(0; 3o06p0: >=5.5 3do@/(0.

i 4.3. GSM glgeol ogsm30l dsbsliosmgdergdo

MmO 3 360100, GSM 3md0Mo 3HgMdobseaol LEsdowwmo 38scmdobsmzol bs3ds®obos -92 dBm®
d00gdol ©mbg (RxLev), FsgMsd dbg39mdsdo wbs 0dbsl domgdwmo 5sdosboll Bbgmwom s

8996md580/53¢MIMdoIo Bgmfigzolol’ gsdmfizgmeo bLogbowrol ©sbs35Mgd0, s gl JoB3969dwgd0 sfig3L
-80 dBm? (RxLev).

GSM gugan8o 0Dmdgds s Bobigds MO0 JoMOMSEO 356M599GM0, MHMIJoa bLIBOZMIZL OBIMZOL
Bmbobo s ba®olbl RxLev s C/1.

RxLev: 1356960l dog® 4oBmdowwo GSM Logbsgol 3oFmemo Loawcosb Jowgdrmo bogabscrol mby

RxLev, ®m39wo3 80Jbo6Mgds 25bmd3zol 30636093 we §96EHow8o s Fa0dmaygbl bor3gomglic Logbowls
9399990 W M35:300L5M30L. 3960: > -80; (370 <= -92 ©dJ.

C/T: 25005039B0bs s 06¢9H539MH96300L BoMmds C/T°. Bgmeo 360d3bgwrmds: >= 1810 ©d.

I 4.4. UMTS Jigeol sgs®30l dsbsliosmgdamgdo

OMamO3 36Mmd0eos, UMTS (CAT 3)! 9mdoww®mo ¢9gMHdobscrol bidsdowrw®mo d«gdsmdolsmgol Lozdsmolos -
95 dBm*? 300gdol mby (RSCP), 3o3™Ms0 3bg39emds30 1B 094658 5093990 5@s30560L bbgmamom s
I 396Md590/53EHMIMd0T0 209mfF3991e0 LobsE ol J0Eg35MdS (ssbEMgdom 8-12dBm), 9 35B3969dgd0

& CEPT-0b 69303965305, ECC REPORT 118, p. 6: RxLev >= -92 dBm [RxLev >= 18 (30900l dobgogom)].

! 7 ETSI GSM recommendation 03.30: BPL $cq00s 15-18 dB-0b 8lbgow @absbangdone 3996480 @s 10 dB-ob Goombgddo.

E §obodgdsmyg 3393580, Rohde&Schwartz-ol 693096 o305g oy bmdom, 3sdmyqbgdwewos BPL=12 dB.

.92 dBm+12dB = - 80 dBm.

% Carrier to Interference ratio

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

11 Category 3 - 89-3 35¢)93O00L FOHF0BIWO. PHOMNMIMNEO 35EJRMM0S FBLIBEZOZL VOGO G9HFoBsErol
330 dbMd0sMMBOOL MBJL, 203990l doglodoee LoddersgzMgl, 585 0¥ 00 BMALabryMHYdOLEMZ0L 5930w YdI
3060MdgdL o bgo.

12 ADVANCEDCELLULAR NETWORK PLANNING AND OPTIMISATION, Ajay R Mishra sagiEEI
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st

o093l -8§Bm°0€n@o@, %BBBb%Qgﬁ)gj@ob 39900920 ©Mb9gg00 390l IVDMOOLIMZOL: JoGyo (RSCP
> -80 dBm), Lodwgseme (-80 dBm >= RSCP > -95 dBm) oo byli@o (RSCP <=-95 dBm)!3,

UMTS Jugedo 0Bmdgds o 3obgds mMo doMmoms@o 3560539300, MmIgmon 2obloBrgmoglh oxgsm3zol
Dmbobs s ba®olbl RSCP s Ec/lo.

RSCP: 80099390 boabogrol ombg RSCP (Received Signal Code Power), 56w 8009d309c00 bogbswol 3mools
Lo H36Y. 2BLEBOZOos UMTS ¢9dbmermyools Jugerdo. 3960: > -85; 390 < -95 ©dd.

Ec/Io: boabsg/0bEgma9m9bzool gommds Ec/lo. 3otyo: > -6.31* ©d; 399000 < -15 ©d.

4.5. LTE Jugeol sgs®zgol dsboslosmgdegdo

LTE Jbgendo 0Bmdgds s 351gds OHMAMEE J0M0Ms©O, 515939 bbgs sds@gdomo:

e RSRP - 356p0: > -1000003%; (37000 < -108¢0d3.
e SINR - 3560: > = 10000; (399000 < 500d.

RSRP: 69539609630 bogboserol dowgdremo boddwsgdy. (RSRP - Reference Signal Received Power).
390539360, OHMIgo3 458m094qbgds Loabswrols EMbob yolsbmds

SINR: Loabseol BoMPMBdS 06EIORIMIBEOLS S oMb (SINR - Signal to Interference and Noise Ratio).
35659930, MMIgog HoMmdmoybl dmEgdnwmo Logbswol Loddwszmol BsMmEMBIL 0bEIMOBRIMI6E00L
1035300 (Fo®ImM0ddbgds Lb3s LobsrgdOLssh) s SMBTO sOLYdMEO bTsMOL LOTISZMHOL K 5Tb.

13 HSPA Performance and Evolution, A Practical Perspective. Pablo Tapia, Jun Liu, Yasmin Karimli, Martin J. Feuerstein
14 D. Fox, Testing UMTS, 2008, 93900 117
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