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1. 8gbsgsqmo

9690080 8MIBYOME0s 3099603530900l 3MBoLOOL  935GMEHOL  L3gdGHmoLy s BYdbmermaool
9350 3odgbBol dogm, sbaoModo 8moEsgl ,Mms03 GHILEOL” 0bxMmMTsEosl s dobo JoBsbos  dmgwo
L5JoMM39w ML FoLTEHd0M FMdOEYMHO FMALIHLIMYMIGOOL bo@olbol 331935 s Imbo@EmMobyo.

dbgegbo 33¢9g3900 93MM30L MIgBgb J3gybgddo BoMEgds s dolo Fobsbos FMdOEMHO dMmALabwyMHgdol
05D XBLOMO  3Mmb3IMMIBEO0L A9d0gMgds, BmMALbmMgdgdOL BoMOLBOL FoBOEIL ©s 3353doMol
9003 M5@MdOL M Heb3gwymns.

0b3oM0d0  sLobogl dmdomGmo  Jugegdol dgBebgdol olgom  TobsliosmgdgEl, MMYMOYIOEsS Jugeol
QIBIOZ0L 4gMPMIR0ICN0 5609510, 0bBHIOFBIMHIbE00L mbY, A9BbMME0gWgdMEo Bo®gdol LEGsGHOLE0IS
@5  Ubbgs.  LsgOmsdmeobm  36ModBozol s  M93m396ws3ogdol  dobgzom,  MomMmgYEolsmgol
2956L5BZMME0s Fglsdsdolbo KPIs (Key Performance Indicators), ®mdgdog 396s306:mdgdgb Fo®dsmdol
d0M005@ obolosmgdEgOL.
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2. 3mbo@m®mobyol 8990

9mbo@m®obyol 3gMHomo: sa30LGHMm, 2021.

’__.-___'_,d_; ﬁu:‘lm-
J'l
/

WERED EY

anole—=../.

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

‘ Good Calls D30 860336gwmds: 96.00%
0530003md0 boedbg®o 30mbo LagsGmzgerm
44.7% 9.1% 5.6%
Failed Calls b03Mwo 9608369wmds: 4.0%
053003md0 boedbg®o 30mbo LagsGmzgem
55.3% 90.9% 94.4%
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Call Setup Time (s) r3Mwo 3608369 mds: 10s ‘
353003000 boendbg®o 30b0 bsgdoGmzgum
<10 64.71% 50.00% 50.00% ‘
10-15 29.41% 16.67% | 50.00%
>15 5.88% 33.33% ‘ 0.00%

2.2, 3mbs390ms 2953900l ImdLsbmeads (LTE)

‘ HTTP Average Data Rate (3d0¢/{jd) BgeHmo 350836@mds: 5.5
0530030 Loandbg@o 30mbo LagsGmzgerm
15 0 0

HTTP 36033000000 B500l 5003mfigMololl @ogodloMgdmao bsdwswm boBdsmg (Bdo@/d)

30060 LodoMmnggwem 0
Lboendbg®o 0

0 2 4 6 8 10 12 14 16

§9035300 30900l 3MmEgbGwwo 3563969090 (800l godmfg®s, HTTP)

30060 Lododmnggeem 0%
Loedbgdo 0%
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2.3. GSM 9dbmeoma0sbg 0mdmdsgg Jugergdo

| RX_LEV (dbm) 3o6p0:  -80dbm 3v©o:  -92dbm
0o303mdo bogrdbg®o 30mbo LagsGmzgem
<=-96dbm 0.0% 2.0% 9.8%
<=-92dbm 0.0% 2.0% 2.0%
<=-80dbm 0.0% 19.6% 23.5%
<=-56dbm 64.7% 76.5% 64.7%
<=-40dbm 35.3% 0.0% 0.0%
>-40dbm 0.0% 0.0% 0.0%
100.0% 100.0%
. 76.5%
80.0% =
60.0%
40.0% loey  23.5%
20.0% . 11.8%
00% 40% O |
0.0% —
(3990 Lodogoenem 39600

B Jopoo3mdo  MLowdbgdo 30060 Lado®mnggum

| C/1 (db) D3Ovmo 3609369¢mds:  18db
05300030 Loandbg@o 30060 LadsGmggam

<=8db 36.0% 62.7% 34.0%
<=14db 24.0% 31.4% 58.0%
<=18db 2.0% 3.9% 8.0%
<=24db 0.0% 2.0% 0.0%
<=32db 22.0% 0.0% 0.0%
>32db 16.0% 0.0% 0.0%
100.0% 98.0% 100.0%

80.0% 62.0%

60.0%

38.0%
40.0%
0.0%
GIXo 39630

B dspgomogmdo  BLowdbg@o 30060 bogdsmnggamnm
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2.4. UMTS ¢9dbmmgosbg 8cmdmdsgg Jugegdo

| RSCP (dbm) 3o6a0: -85dbm 3w©o:  -95dbm
053000330 boedbg®o 30mbo LagsGmzgem
<=-100dbm 0.0% 11.8% 39.1%
<=-95dbm 0.0% 13.7% 34.8%
<=-85dbm 2.1% 29.4% 26.1%
<=-75dbm 57.4% 45.1% 0.0%
<=-60dbm 14.9% 0.0% 0.0%
> -60dbm 25.5% 0.0% 0.0%
100.0% 97.8%
80.0% 73.9%
60.0% 45.1%
40.0% 25.5% 29.4%  26.1%
20.0%
0.0% . 2.1% . 0.0%
0.0% —
39900 Lodogoemem 39020

B dopmozmdo  BLowdbg@o 30060 LagdoMmnggenm

| Ec/lo (db) 3960: -10db ‘ gmo:  -15db
05300030 Lboedbg@o 30060 LadsGmggam
<=-25db 0.0% 0.0% 0.0%
<=-20db 2.1% 15.7% 4.3%
<=-15db 36.2% 43.1% 17.4%
<=-10db 27.7% 37.2% 71.7%
<=-6.3db 19.1% 2.0% 6.6%
>-6.3db 14.9% 2.0% 0.0%
100.0%
80.0% 10.7%
58.8%
e0.0% 38.3% 37.2%
. C'D 7.2% 0,
40.0% 21.7% 27.7% 34.0%
20.0% l . . 2.0% 6.6%
0.0% —
(39900 Lodwgsemm 3900

W dspmo3mdo  EMLowdbg@o 30060 Lads®mggwm

© 13ggH®ob s Bgdbmemyool Y356 HTY6EO, 2021




3316035309000 3mdolos

2.5. LTE ¢9dbmemyosbg 0mdmdsgg Jugegdo

| RSRP (db) Jo60: -100dbm 30: -108dbm
053000330 bogrdbg®o 30mb0 LadsGmggem
<=-115 dbm 0.0% 3.9% 10.3%
<=-108 dbm 0.0% 13.7% 12.8%
<=-100 dbm 11.8% 13.7% 28.2%
<=-90 dbm 29.4% 64.7% 48.7%
<=-60 dbm 49.0% 3.9% 0.0%
> 60 dbm 9.8% 0.0% 0.0%
100.0% 88.2%
80.0% 68.6%
60.0% 48.7%
40.0% 17 6% 23.1% 28.2%
20.0% = 11.8% 13.7%
0.0%
0o ] m I
39900 Lodogoanem 3960

B dopgomozmdo  BLowdbg@o 30060 LogdoMmnggenm

| SINR (db) 3oMao: 5db gmo0: 0db
0o30003md0 bogrdbg®o 30mbo LagsGmzgem
<=-10db 13.7% 7.8% 53.8%
<=0db 45.1% 76.5% 46.2%
<=5db 17.6% 9.8% 0.0%
<=10db 13.7% 3.9% 0.0%
<=15db 9.8% 2.0% 0.0%
>15db 0.0% 0.0% 0.0%
100.0% 84.3% 100.0%
80.0%
58.8%
60.0%
40.0% .
. 17.6% o590 23.5%
0% 6% 5.9%
0.0% 0.0%
0.0% - | . I
(39000 Lodwgsemem 39020

B dspgomogmdo  BLowdbg@o 30060 bogdsmnggamm
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3. »0503-GguGHoL" IgmMEMEIMY0s
3.1. 358cygbgdE0 535MOEHTIMS

LMBOMO 2 SLEHAZL ,M503-BHILAOL MM FodmygbgdEo 535M3EHMOL BoMmMZ0L Lggdsl:

o 533MIMBOWO  S0FYMHZ0Wos: 3MI30EIO0m, OMIWoMSE 0FsOMYOS IBMIZ900, TMdOEIWMEO
396m00bsengdo s UB3sbgho; 3 ghmgmwo ImdowHo  GHgmdobserood Samsung Galaxy 5S4,
bmME0gwgd9b BoMol Fo9mfygdsl mommgmEo Mm3gMs@Gmeol dmdowwy® Jugwdo; 3 gOmgEo
9mdoMMo GgMdobsgom Sony Xperia XZ1, HmImgdog sbmM309wgdgb d9mbsggdms gosigdol
AILAHOMYOLL 00MMIMWO MIGOOGHMMOL IMdOH Jugedo; L3sbgMo Rohde&Schwarz TSMW-om
bm® 3090905 GSM/UMTS/LTE ¢)9dbmamaogdol b3sboMgds. 1535696ML 4556605 2 @sdme 30090900
3b®9bs, MMIgdoE 296msgLYdMOos 53GMIMBOOL LobwyMogby. L3sbgmo seFm@zowos GPS!
0090900 3mfgmdomdom, dobo sbEHIbs A9bms3LgdIE0s 53EMIMDOEIOL LobrMogBy.

e 3m39603530900L 30m3olool Tgbmdsdo gobmogligdmeos 3 dmdowrwemo &gmdobsgro Samsung Galaxy
S4. 50bodbmero  BHgmdobswgdo gmbdaomboMgdgb dbmerm@ Bodob  BHgMIobsgool ©gg0ddo.
23960039001 v FgMHPgME0s LoAbswrols FogloTogrMEsE LEGHOWMMO Jorgdol Mbol ©s
9d0b0dserm@o BPL2-0b g4om35¢obfjobgdoo.

AIbGHOL EOML BOHMB3gErymzoos ICPL3 45HMIZ3900 @S MbEs 0g4Mmb Fom35¢obobgdeo sdsEHgdomo
00¢9350Md0L Mbg 5-15dB*, MHsms 3md3gblomgl Logbswrols Jowrggzs 93¢MIMdOEIOL bogrmbdo.

! GPS (Global Positioning System) - aecdse0w9GH0 30%030mBoMYdoL LoLE)Ds.

2 BPL (Building Penetration Loss, dB) — doqng3s@mds, Hmdganbsg 30bo3mool ®som Logbseo dgbmdsdo 9gmfigzolsl.

3 iCPL, CPL (in-Car Penetration Loss, dB) — 80@g350mds, Gm3gebsg 3o603mol Moom bogbsmo s3¢mmdogrols
Loenmbdo dgmfiggolsl.

“ Radio Interference System Planning for GSM/GPRS/UMTS, Jukka Lempiainen, Matti Manninen
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3.2. 3mbs3gdgdol sbserobo

33193500 9tyg3960¢00 2oBMmIz9d0L ©3w9dsg9ds MHBOHMB3gymBowos Rohde&Schwarz Network Problems
Analyzer 360HmyMs39wo MHOMB390Yma00. 309583039008 s OMGd0L bofowo sa9dwwos Maplnfo,
Microsoft Excel oo MathLab 36ma®msdveo »Hbggaymaoom.

4. 9gx35900L 3O0EHIMH0dgd0
4.1. B3mgzs60 o8mdsbgdols IMALobwEgds

29HmM33900 FoMdmgdl 9aM9m §mgdwo ,53sbxML* 3M0b3030m, Lyog AoBLIHBOZONDs BosMol MM,
3o1BoL MM s HJAg6gMo300L 39M0MEO (b Fomo 3MAdObsE0s). obowgom Lgbs®o:

o DoMo bmOE09w©gds 00539 Mm39MeEMMOL Jugedo BsMmmer dmdow® GghHhdobswby;
o DBMOL GobxsMs - 100 Hodo, HrmIgwoa dgagds:
0 BsMoL Fodmfiygds - 15 §sdo;
0 bdmg560 Boto - 100 Fodl 5dm3egdryEo Bodob §odmfggool bobyddarogmds;
0 351Bd Boegdl Mol - 10 fsdo.
0  303wob gobdgmMgds.

258094969005 930bBswo Mgx0do GSM, WCDMA 6 LTE ¢gdbmemgyoqdl dm®ob.

Voice Calls

bdmg560 259mdsbgdol Ggx35Lg00Lsls 0HBMTgds s BoLiEgds 990 JOMHOMOEO 35MTgEHMO:

¢ Failed Calls — 6og36weo 8609369wmds: < 4%°;
e Good Call - Begtmo 360d3bgeomds: >= 96%;
e (Call Setup Time - BE3zOHwwo 360d3bgermds: <= 5§0.

Failed Calls: {o60s3qd@s 3obbmmEogmadwmo botmgdol (Failed Calls) 36m3gbdmeo 9s6396909w00:
3902905 995939300 BogdoLs 96 BmALobmMgdoL 96 SMLYdIMBOLsD. (Call Canceled) - Hm©gLLE
A9m3065¢00ol doge 0bogocmgdwo bdmgsbo gs8mdobgds 396 bmM309wgds. ImaLobMHgdol 56 SGLYOMDS
(No Service) - H©m@gbog ©3YsMgds 396 bgmbgds Lo@gegzmbem dmaLobmMgdOL 56 sGLYIMBOOL Q5TM.

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, 33960 98

© 13ggH®ob s Bgdbmemyool Y356 HTY6EO, 2021



3316035309000 3mdolos

Good Call: §o®3o®Hdmwo@ 2obbmmE0gmgdwmo BsMgdol (Good Call) 3GmEabdmwo  3sB39b9dgo -
HgbsE 8MmdOEIMO BHgMdobseno s3Hegbol Gglsdsdol dmmbmgbals Jugardo, ol 890gysE bmMEogugds
Jugerol Boge MYlELYOOL 250MYMRs, LodMEMM 3MmbIbEOL EgMHdobswrmsb 3538060l ©oTYsMYdS S,
20BLsBP3OMEo MHMOL 8999y, 3930060l 3mGMadE Mo 895Y39G).

Call Setup Time: 3038060l ©s3Ygsgd0L M (Call Setup Time, §593030), COM HGMIYEOG FoOL sdMBIBEOL
B™IMOL 53609530096 MTmsem© BIM3zs60 3953006001 HTYsMHJdSTWY.

4.2. 3mbs39005 250053900l JmALsbmEgds

9mb539009 gos3gdol dmdLabwemgdols dggsligdol BoBbom, mommgmeo bglbos dgagds bbgswslbgs bybol
0535¢98900Lg96. dMbs3dms Bo@30OHmM30L Lobds®ol Fglogsligdwrs LsFoMmms, Bmbogl gojdloMmgdwwo
Dmdol ool bgMzgeby 5G300m35/Bs0mEZ0MHMgs (ETSI TR 102 678-b H930m39b@o30s). dmbsizgdos
200053900L 98351900LsL 0BMTYds 998 gA0 356509 EMO:

e HTTP (Downlink Speed) - dobodsgrwy®o: >= 0.2 300@/0; 3otyo: >=5.5 3do@/fjo.

4.3. GSM Jugeol sxs®m30l dsbolinsmgdwrgdo

6

OMamO3 36md0w0s, GSM JmdoEw&o FgMIobswrol bEsdoww Mo 3/3omdobsmzol bszds®olos -92 dBm
do0gdol mbg (RxLev), Toa®sd dbgzgermdsdo wbs 0gbsl dowgdvwo s@sdosbol bbgrmwmom s

996md580/53EMBMd0Edo Jgofigzobsl’ gsdmfzguyeo bogbseol sbs3smagd0, s g dohggbrdargdo swfiggl
-80 dBm? (RxLev).

GSM Jugerdo 0Bmdgds s FoLEGds MO0 JoMOMIEO 35M9dgBHMO, MMIGE0E PobLIBOZMLZL oBIMZOL
Bmbsls s batolbl RxLev s C/I.

RxLev: 1356900l dogh gobmdoero GSM Logbserol 8303FMo LoyOHoE Jowgdrymo Loabseol mby
RxLev, Hm0gwo3 30JboMgds 250mdgzol 3¢m6360g@wa F90G0wdo s §omamaygbl bow3gomgbm Logbawls
93999000 M35300LIMZ0L. J56o: > -80; (3o <= -92 BO.

C/T: 500593 560bs o 063gMx396096(300L BsME®ds C/I°. Br3zMwymo 360dzbgermds: >= 1810 d.

& CEPT-0b 69308965305, ECC REPORT 118, p. 6: RxLev >= -92 dBm [RxLev >= 18 (doxgdol dobgozom)].

7 ETSI GSM recommendation 03.30: BPL )m¢0s 15-18 dB-ol dbbgoe @slisbengdwge 3w69&do s 10 dB-ob Moombyddo.
$0b659g0sMg 33093580, Rohde&Schwartz-ol ©93096@(305%9 ©oyMbmMdOm, 358mygbgdyemos BPL=12 dB.

.92 dBm+12dB = - 80 dBm.

9 Carrier to Interference ratio

10 J6rg Eberspicher, Hans-J6rg Vogel, Christian Bettstetter, Christian Hartmann, GSM — Architecture, Protocols and Services,
2009, 23960 26.
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4.4. UMTS gJugenol 535630l sbslosmgdengdo

HMaMO3 36md0w0s, UMTS (CAT 3)! 8mdowu@o ¢gihdobsgrol bdsdowrv®o d9850m30bsm30L bs3dotolos -
95 dBm'? 300gdol mbg (RSCP), 858 dby39e™md30 MbB@s 0gbsl 50gd0o 5@s30560L bbgemom ©s
996md5890/53GHMBMmdOdo 353mf39v9e0 Logbswrol J0Erg35MdS (ssbEMgdom 8-12dBm), gl Foh39b9dEgd0
50§93L -85 dBm. Bmgso, 256L5BO3Mos 9900930 ©MbY7d0 3900l B MBOBIMZ0L: 3560 (RSCP
> -80 dBm), bodwognm (-80 dBm >= RSCP > -95 dBm) s bqbo (RSCP <=-95 dBm)'3.

UMTS Jugedo 0Dmdgds s 3o1gds mMo doMomso 350s09@M0, Mmoo 3oblabmg®magl oxs®mzol
BmbsLs s ba@obbl RSCP s Ec/lo.

RSCP: dopgdmeo bogbseol ombg RSCP (Received Signal Code Power), 56w Gowgdmeo bogbserols 3mgol
LoddEH36MY. J9BLIBVZOIos UMTS ¢gdbmemaool Jugedo. 3960: > -85; 3o < -95 ©dd.

Ec/Io: bogbsan/0b@ gt gg6gbiool godmds Ec/lo. 3otpo: > -6.3'* ©d; 30 < -15 ©d.

4.5. LTE Jugerol 535030l 5bslosmgdamgdo

LTE Jugerdo 0Bmdgos s Bolgds Hmam s doMHomso, sg3g Bb3s ods@gdomo:

e RSRP - 356p0: > -1000009%; 3900 < -108¢0d03.
e SINR - 3560: > = 10000; (31900 < 5@9.

RSRP: 6H95390096@ o Logboerol domgdwero boddeag®yg. (RSRP - Reference Signal Received Power).
35650930, MHMIgEoi odmoygbgds Logbswol mbol AslsbmIs

SINR: bogbserol BsMMds 06GIORIMEE0sLS s bdsw®mab (SINR - Signal to Interference and Noise Ratio).
356509360, OHMmIgoi Homdmowaqbl dmiEgdmewo Loabswrol Loddw szl BoMmEMdL 0bEHIMRGMIBE00L
LOddWHzMOL (HomBMogdbgds Lbgs Logbsrgdolisgsh) s sMHTo HMLGdNEEo bdsrMol LoBdEIS3MHOL X STMNSD.

1 Category 3 - 39-3 35¢)93MO00b F9OHT0BIWO. HOMMYYEO 35¢3)JaMM0s FbLaB3M3L dMdoIMGO GHMIoBswol
936 3bMd0sMMdOL MbAL, 450539d0L Jogdlodogrry® LoddrsgzMgls, 535 M+g 08 FMALIHLYMYdOLIMZOL 59930¢gdIE
30600Md90L s bbgs.

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, 33960 117

15 Ralf Kreher, Karsten Gaenger, LTE SIGNALING, TROUBLESHOOTING,AND OPTIMIZATION, &
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