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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.
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2.1. Voice Calls - bdmgsbo stigdo (GSM, UMTS)

Good Calls 35Mp0: 296.00% 3o: < 96.00%
0530003030 Lbogrdby@o bgwgo
100.0% 99.1% 99.3%
Failed Calls 396o: 4.0 G9©o: >4.0%
0530003030 Lbogrdby@o bgwgo
0.0% 0.9% 0.7%
600
500
400
300
200
100
0
050000330 boendbgdo bgeao
No Service 0 2 3
W Call Cancelled 0 2 1
W Good 465 440 544

B Good M Call Cancelled

No Service

Call Setup Time (s) BghHmmo 860336gammds: < 10s
0o303md0 Loangdbg@o Lbywago
<10 86.24% 93.64% 83.82%
10-15 13.12% 6.14% 15.99%
>15 0.65% 0.23% 0.18%
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2.2. 8(*153380)5@.3(38015 dmdlbobwegds (LTE)

HTTP Average Data Rate (3d0¢/{0) 3560:  25.53d03/f0 3Mo: < 5.53d0%/f0
0om03mdo bogrdbg@o bgwgo
23.8 35.9 13.6

HTTP 36:0@¢™30mm00 3500l 2503mfgmolol @si30dbo6Mgdwo bsdoswm bobdsmg (3d0@/fd)

| oese | G
oo [ ::
i 0 5 10 15 20 25 30 35 40
: Kepler-ob 3396q@0b Bsdm@3000030L O™l ox30dl0Mgdwo Lsdmswm Lobdstg (3d0@)/fjd)
1.25 1.3 1.35 14 1.45 1.5

HTTP 36:0@™3000 308560030b5L Fo®da@gdmao 300900l 30mEgb@rwo 3563969890

Lgwgo 95.6%
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FTP Average Data Rate (3d0¢/§0) 39Mp0: 25.53d0¢/0 3M©o: < 5.5 3303/
0530003030 Lbogdby@o bgao
17.9 20.0 133

FTP 3603 M30000 8500l 5@3060m30LsL @s80gloMgdvwo bodrysam bobdsmg (3d0@/fd)

0 5 10 15 20 25

FTP 3603 ™300 30950Hm30Lb Jo®TsBgd1eo (300900L 30m396@ o dshg9b9d9wo
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2.3. GSM ¢g6mamap0sy 8mdeyBsgg Jugegdo

RX_LEV (dbm) 3560: -80dbm 3Mo0:  -92dbm
053000330 Lbogdbg@o bgwao
<= -96dbm 0.6% 0.0% 0.0%
<=-92dbm 0.0% 0.0% 0.0%
<= -80dbm 0.0% 0.0% 0.0%
<= -56dbm 11.8% 8.4% 51.1%
<= -40dbm 60.8% 52.9% 44.3%
. > -40dbm 26.8% 38.7% 4.6%
. 100.0% 99.4% 100.0% 100.0%
| 80.0%
; 60.0%
'r 40.0%
- 20.0%
0.6% 0.0% 0.0% 0.0% 0.0% 0.0%
0.0%
(39900 Lodwgoerm 3960
B dogomozmdo  BlLowdbgdho BLgergo
| C/1 (db) beghmeo 360d36gcmds:  18db
: 0o303mdo bogrdby@o 30060 bogsONzgem
; <=8db 0.6% 0.6% 0.0%
<= 14 db 0.0% 1.4% 0.6%
i <=18 db 2.0% 2.0% 1.1%
<=24db 9.8% 11.8% 10.6%
i <=32db 69.4% 56.6% 69.8%
>32db 18.2% 27.5% 17.8%
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100.0% 97.4% 95.9% 98.2%
80.0%
5 60.0%
40.0%
20.0%
2.6% 4.0% 1.7%
0.0% — |
320 39030 !

B dogomozmdo  BlLowdbgdho BLgego

2.4. UMTS ¢9dbmermaosbg dmdwmdsgg Jugengdo

RSCP (dbm) 35Ma0: -85dbm 3Mo:  -95dbm
, 053003030 Lbogrdbg@o 30060 LsgsGmgzgmm
{
<=-100dbm 0.0% 0.6% 0.0%
<= -95dbm 0.0% 1.2% 0.0%
<=-85dbm 0.3% 2.4% 2.5%
<=-75dbm 3.5% 11.7% 15.4%
<= -60dbm 36.7% 46.8% 50.3%
> -60dbm 59.4% 37.2% 31.8%
100.0% 99.6% 95.7% 97.5%
! 90.0%
' 80.0%
70.0%
60.0%
50.0%
| 40.0%
: 30.0%
20.0%
; 10.0% 0.0% 18%  0.0% 03% 24%  2.5%
0.0% — I I
(3490 Lodwgoem 3960
. B dsgomozmdo  Blowdbgdho BLgergo

© 139dBH®0oL s BHgdbmeMaool Y3sHESTIOE0, ImboBHMGMObaOL X530, 2023




339603530990l 3moLos

Ec/lo (db) 3o6M0: -10db gmo: -15db
0530003m30 Lbogrdbg@o 30060 bsgsOmnggam
<=-25db 0.3% 0.0% 0.0%
<=-20db 2.2% 0.6% 0.3%
| <=-15db 7.7% 5.4% 1.9%
: <=-10db 26.5% 25.2% 18.8%
! <=-6.3db 38.0% 50.2% 41.7%
>-6.3db 25.2% 18.6% 37.3%
100.0%
79.0%
i 80.0% 68.8%
! 60.0%
40.0%
i 25.2%
2005 18.8%
0% 10.2% o
==  HHE®
0.0% e
(3YIO0 bodmogom 3960

Hdsyomo3mdo  BlLowdbgdo BLgango

2.5. LTE ¢gdbmgmy0sbg dmdmdsgg Jugergdo

g RSRP (db) 35630: -100dbm 3M©o: -108dbm
7 0om03mdo Lbogrdbg@o 30mb0 bsgsOmnzggwm
E <=-115 dbm 0.0% 0.3% 0.0%
i <=-108 dbm 0.0% 0.0% 0.0%
E <=-100 dbm 0.3% 0.3% 1.5%
i <=-90 dbm 1.4% 2.0% 9.6%
<=-60 dbm 64.3% 70.9% 77.4%
: > 60 dbm 34.0% 26.6% 11.5%
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100.0% 99.7% 99.5% 98.5%
80.0%
60.0%
40.0%
20.0%
0.0% 0.3% 0.0% 03% 03% 15%
0.0% —_
39900 Lodogsenem 3960
B dogomozmdo  BlLowdbgdho BLgergo
SINR (db) 3oGo: 5db gwo: 0db
0om03mdo Lbogdbg@o 30mb0 bsgsOmggam
<=-10db 1.2% 0.9% 12.6%
<=0db 15.3% 9.7% 23.8%
<=5db 30.0% 21.4% 22.2%
<=10db 24.5% 31.4% 18.4%
<=15db 18.2% 22.0% 16.9%
> 15 db 11.0% 14.6% 6.1%
100.0%
80.0% 68.0%
60.0% 53.7%
41.4%
36.4%
40.0% 30.0%
9 21.4% 22.2%
20.0% AT I . .
o H =
(3990 Lodmoerm 3960

W dopoo3mdo  MLowdbgdo MLgwao
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3. ,,qg(ﬁ;-ogboob“ gmm@ ; YOS
3.1. 359mygbgdmeo 535M5@EHGS

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

3b6G9bs, MMIgdo3 496mogLYdME0s 53GHMIMDOOL  LobmEegby. 13IbgMo s FMM3z0wos GPS!
0000900 dMfymdoEMmdom, JoLo 95E9bs gobmoglindmeos 53EHMIMdOEIOL LobMI3ByY.

e 3039603530930 300dolool F9bmdsdo gobmagligdweros 3 dmdowrw®mo G9gMdobswo Samsung Gala
300FYLOZ>EOJo0L 3 J o 35000 QYO0 OJ @ g Xy

S4. 50bodbmmo  Ggmdobscgdo  3Mbd30mboMgdgb FbmEm© BBl  GHMIobsgool  Mgg0ddo.
2396053L9d0L sa0wo FgMhgmos Logabowrol dosduodserMms LEBOW MO Jorgdol Mbol s

d0bodserMo BPL2-0l gomgscolfjobgdoom.

A9LGHOL OML MHBOW39WYMBR0w0s iICPLE obBMI3900 s Mbs 0gmb 4om35wobfiobgdmwo sds@gdomo
90¢9350Md0L Mbg 5-15dB*, Msms 3m3396LoMEIL Logbswrol dowgzs s3EHMIMdOEOL Loermbdo.

! 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.




339603530990l 3moLos

3.2. 8eB38900L 365OBO

33193530 dmyz560e0 45HBMIZ3900L 3w)degzgds M bMmbzgymazowos Rohde&Schwarz Network Problems
Analyzer 36HMm650Mwwo0 M HOHM3gEYMBom. 40583039008 s 0sMT9d0L bafowo s39dmwos Maplnfo,
Microsoft Excel oo MathLab 36my6sd99c0 mHmb3geymaom.

4. 99x8sLgdol 3moGgMomdgdo

4.1. bdmgzs60 359mdsbgdol dmALobMM9dS

295033900 FoMIMgdl 9aMgom §mgdEo ,5sbxMOL 300b3030m, Losa PobloBPIMME0s BoMol MM,
3Bl OOHM O ©929696M5300L 39MHOMEO (56 F5000 3nTB0bSE0s). obowgm Lgbsto:

e DoMo bmM309©9ds 08539 M3gMHGMOMOL Jugaedo bsGIMME IMBOME 3H9M0bsEbY;
o DBIMOL BbK M - 90 90, MHMIgero 99ygds:

o Bo®ol §odmfiygds - 20 §sdo;

o bdmgsb0o Boer0 - 90 {odl 259m 3930 B0l Fodmfiggdol bobyMdarogmds;
o0 35Bs BoegdlL dmMob - 5 §sdo.
o

3030l 396dgmM9gds.
259mg9gb9gde0s M530LwRso Mgx0do GSM, WCDMA 56 LTE ¢gdbmemyoqdl dmemol.

Voice Calls

bdm3560 259mdsbgdol GgxoUgdolsl 0DMIGOs s BoLWYds F9IRO F0MOMSWO 35601539 BHEO:

e TFailed Calls — 603600 3603369wmds: < 4%°;
e Good Call - B36meo 36093690 mds: >= 96%;
e (Call Setup Time - 6300 36093690 mds: <= 10f0.

Failed Calls: 56v935&9do@ 256bm®E0gwmgdmmo Ho@gdol (Failed Calls) 36Hm3gb@Gwyaro 9s639690900:
3902905 990939300 BoMgdols 96 ImALobYMHgdOL o6 sOBYOMBOLQD. (Call Canceled o Blocked) -
MHmbsE G9MI0bscrols JogH 0bo300M9deo bdmgsbo gsdmdobgds 396 bmMEogegds. dmdlsbm@madols 56

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

i

CalE R
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o@bgbmbg?o"S.ré.f:;‘i'é')-“—’@&;QBDG 0539456905 396 bgdbgds Lo gurgnmbm IMALsbwEmadol 56 sOLYOdMdOL
PRGIOR

Good Call: {o6353gdmo© A3BbMO30gwgdmo HoMgdol (Good Call) 3Om39b@Gneo  dsB3969dgero -
OHMYLOE IMBOWMHO 3HYMT0bowo s3Hog60L Fqliodsdol Immbmzgbsls Jugewrdo, Gol 998gyo3 bMMEF0IYdS
Jugol 8ogem Mglm@LYdOL godmymas, LEdMEWMM SdMbI6EHOL FHYMTbIW ™MD 353006MH0L AYMYdS o,
239bLsBZOHo POMOL d99g, 39380M0L 3MgdEHo T9FYy39Gs.

Call Setup Time: 353d060L ©Ys01900L O™ (Call Setup Time, (599070), O™ OHMIG0E 25000L 5dMBI6EOL
B0mIHOL 536095306 MIsme bdmgzsbo 3038060l sTYsMd53Y.

L 4.2, 3mbs3gdoms 3553990l dmALabMMYdS

9mbs3900 2050053990l dMmALEbBYIMHgdOL Fgnsligdol JoBbom, mommgmeo bglos G9ygds Lb3zslbgs Lobols
0535009090096, Imbs3gdms BoGz06Mm30L LoBJs®Ol glogsligdwrs BoFoMms, dmbal BodloMgdwyero
Bmdob gs0ols byM3zgeBY 5BHI0MOMIs/bsdMmEZ0MHM3s (ETSI TR 102 678-1 ¢193mdgbs309):

e HTTP (Downlink Speed) - dob0dscom@o: >= 0.2 3do@/(0; 3otyo: >=5.5 ddo@ /(0.
e FTP (Uplink Speed) - d0b0ds¢rw®o: >= 0.2 3d0@/{jd; 3o06p0: >=5.5 3do@/{j0.

4.3. GSM Jlgeol sg3s®30L dsbaliosmgdegdo

MmO 5 3601005, GSM 3doMOo 3HgMobserol LEedoww®o 3m8scmdolsmzgol bs3ds®obos -92 dBm®

d00gd0ol ©mbg (RxLev), Qop®od dbg39wmdsdo Mbs 0dbsl d0Mgdmwo 5sdosbol Lbgmwom s

9960d530/53¢MIMdoIo Fgmfiggolol’ gsdmfiggmeo bLogbowrol ©sbs35Magd0, s gl sh3969dw9gdo s0fig3L
-80 dBm® (RxLev).

| GSM gugamdo 0bmdgds s Bobgds MO0 JoMOMSEO 356M59xEHM0, MHMIJWoE gIBbLEBOZMIZL OBIGMZOL
i BmbsLs o ba®olbl RxLev o C/1.

RxLev: 1356960 dog® oBmdowo GSM Logbseols 3oFmemo LBoaO0sb Jowgdmo bogabseol mby
RxLev, ®m39w03 30JboMgds 25bmdzol 306309@GHwe §96OHEHowdo s §amdmaoyqbl bowg3gomglie Logbowls
| 9399990 WM35300L5M30L. 3960: > -80; (31O <= -92 ©dI.

C/T: 35005939b0bs s 0b6@gOxR9096300L Bobmds C/I°. brgtvywo 9609369 mds: >= 1810 ©d.

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

7 ETSI GSM recommendation 03.30: BPL ¢)me0os 15-18 dB-0b dlbgow ababengdmen 34964830 s 10 dB-ob Gs0mbgddo.
§0obsdgdsmyg 3393580, Rohde&Schwartz-ols 6930096o305g ogMbmdom, 3s9myqbgdwwos BPL=12 dB.

892 dBm+12dB =- 80 dBm.

9 Carrier to Interference ratio

10 J6rg Eberspacher, Hans-J6érg Végel, Christian Bettstetter, Christian Hartmann, GSM — Architecture, Protocols and Services,

2009, 33960 26.

i
i
}

EaTE R 2
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4.4. UM:I' dbg@@bbﬁ){gob Asbsli0s09d¢gdo

OmamO3 36Mmd0eos, UMTS (CAT 3)! dmdowrw®mo ¢9gMdobscrol bidsdowrw®mo d«gdsmdolsmgol Lozdsmolos -
95 dBm™? 300gd0l @®by (RSCP), 3o3™50 3bg39e™md30 B 094658 509dw9e0 5@s30560L bbgmaom s
396Md530/53EHMIMd0¢T0 259mfF39991e0 Lobsrol J0Eg35MdS (ssbEMgdom 8-12dBm), g 35B3969dgd0
5093l -85 dBm. Bmy050, 3oblsbmzmeos 898090 ©™bggdo 3900l dsdMEMdOLIMZ0L: 3060 (RSCP
> -80 dBm), Lodgocom (-80 dBm >= RSCP > -95 dBm) s bybo (RSCP <=-95 dBm)'3.

UMTS Juger8o 0bmdgds s 53s1@gds 6o doMmomso 350539@ 60, MmIguog goblobngmogl @ons®3ol
Bmbsbo s ba®olbl RSCP s Ec/lo.

i RSCP: dopgdrgcmo boabogrols ombg RSCP (Received Signal Code Power), 5649 3009390 bogbogrols 3mol
| oI s36Y. 29BLEBOZOos UMTS ¢)9dbmemmyools Jugerdo. 3960: > -85; 390 < -95 ©dd.

Ec/Io: boabsg/0b@g0agm9bzool odmds Ec/lo. 3o6yo: > -6.3* ©d; 30900 < -15 d.

4.5. LTE gugerol oogs®zol dsbsliosmgdergdo

LTE Jbgendo 0Bmdgds s 351gds OHMAMEE JoM0mMs©O, 515939 bbgs sds@gdomo:

e RSRP - 356p0: > -1000003%; (371000 < -108¢0d3.
e SINR - 3560: > = 10000; 399000 < 500d.

RSRP: 69539609630 bogbserol dowgdremo boddwsgdy. (RSRP - Reference Signal Received Power).
| 350539BHM0, OHMIgo3 458tm094qbgds Loabseols Mbob golsbmds

SINR: Logbsgol 3sMm@Mds 06EHIORIMI6E00LS s bdswmmsb (SINR - Signal to Interference and Noise Ratio).
350599BHM0, OHMIgwoi HoMmdmoyqbl dm3gdmo Logbsol Loddwsgmol BsMEMdL 0bEgMrgMgbiool
Loddsz3M0oL (Homdmoddbgds bLbgs Loabswrgdologsh) s SOBFO sOBYDMEO bAsrMOl LOAdEISZMOL X STMb.

11 Category 3 - 89-3 35¢)93O00L FgOHT0BIWO. HOMNMIMNEO 35EJRMM0S FBLIBEZHZL MBOMIGO G9HFoBsErol
9360 36Md05MMBOL MbgL, 25053990l FoglodoE LoddsgzMgl, 585 0¥ 00 FMALobMHYdOLEMZ0L 59930 O
306HmdJdL s Lbgs.

12 ADVANCEDCELLULAR NETWORK PLANNING AND OPTIMISATION, Ajay R Mishra

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




