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1. 9glsgo¢mo
365080 ImIBsYdMos 300399603530930L 32FOLOOL 535MEOL b3gdEMOLs 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 3Mb3MMI6E00L 45dE0gMgds, FMALbEMadgdOL boMOlbOL ASBOIL S 353d0MOL
9005 Md0L YBOHMb3gEYMRs.

96960080 sLsbsgL IMdO MO Jugaergdol FgxsLgdol 0ligo Tobslinsmgdganl, HGMYMEMGdOESS Jugerols
QOGBSMZ0L FgMAMIGOIE0 5050, 0bEIORIMIB300L MBY, FobbmMmEogEgd o BsMYGOOL LESEHOLE0IS
i 5 bbgs. Logmmsdm®mobm 3Msgd@030l s M93mdgbpsogdol Jobgz0m, MommgMEolsmazols

296L5BO3MHM0s Jgbsdsdolo KPIs (Key Performance Indicators), H©mdgdoa 29653060md9096 omdsmdols
doOOMo FoboliosmgdEgdL.

2. 3cmBo@GHm®0byoL 3gwga0

! 9mbo@mcm0obyol 3gmomo: 03bobo, 2022.

o

ot Televit
. KdegheldUFI 1€ 500 3¢
372 P0ImMIO0 4

5 Munizy olita.
| ST av %,
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2.1. Voice Calls - bdmgsbo Dségdo (GSM, UMTS)
Good Calls brgOwo 3608369wmds: 96.00%
053000330 Lbogrdby@o 30060 LsgsOmgzgewm
98.5% 97.2% 96.9%
: Failed Calls BOzGHMEo 3609369mds: 4.0%
i dog03m30 Logdby@o 30mb0 bsgsOmnggam |
'= 1.5% 2.8% 3.1%
, :
! Call Setup Time (s) P3O0 8608369mds: 10s
2 0om03mdo bogdbg@o 30060 LgsGmgzgmm
<10 93.08% 97.14% 28.42%
5 10-15 6.92% 2.86% 66.32% !
>15 0.00% 0.00% 5.26%
2.2, 9mb539005 350053930l dmAlsbyegds (LTE)
HTTP Average Data Rate (3d0¢%/{0) BogHrEo 3608369wmds: 5.5
{ dsgmogmdo Loardbgéo 30mb0 Lsgds®mzgem E
24.9 463 20.8

HTTP 36:0@™30¢00 3500l 20dmfgHobel sg30duoMmgdmwo bsdoswm bobdsmg (Ad0&/f0)

i 30060 LogdsOmzgem 20.8

0 5 10 15 20 25 30 35 40 45 50
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HTTP 36:0¢™30m00 3085600030b5L Fomda@gdmmo 300900l 30mEgbd o dsb39b9dgwo
100%
| FTP Average Data Rate (330¢)/0) begerieo 8609369emds: 5.5
!
: 0om03mdo Logdby@o 30060 LsgsOmzgmm
I 9.2 21.2 5.7

FTP 36003300000 B50ol 533060030L58 ox0duo®Mmgdmeo bsdoswm bobdstg (3d0@/fd)

30060 bodsGmzgem 5.7

0 5

10 15 20 25

FTP 36m@™3me00d 830356:0030U5b §o6353 90490 (300900L 30m396E 1o dsB39b9d9wo

i 98.2%

100.0%
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2.3. GSM 9dbmemy0sbg 8mdwmdsgg Jugergdo
‘ RX_LEV (dbm) 3960: -80dbm 3v©o0: -92dbm
0om03mdo Loedbgdo 30mb0 bogsOmzgem

<=-96dbm 0.0% 0.0% 0.0%

<=-92dbm 0.0% 0.0% 0.0%

<=-80dbm 0.0% 0.0% 6.9%
i <=-56dbm 39.3% 49.1% 66.1%
' <= -40dbm 54.9% 44.5% 24.7% “
: > -40dbm 5.8% 6.4% 2.3% "
§ 100.0% 190000 100050 93 19
! 90.0%
; 80.0%
70.0%
: 60.0%
50.0%
| 40.0% |
30.0% |
20.0% )
| 10.0% 0.0% 00% 0.0% R ;

0.0%
(39900 Lodogoem 3960
W dspmozmdo  EMLoerdbg@o 30060 bodsGM3gwM

‘ c/1 (db) B3Ohmeo 360d369emmds:  18db
! 0om03mdo Lbogdby@o 30mb0 bsgsOmngganm
’ <=8db 0.0% 0.0% 0.6%
<=14db 0.0% 0.6% 1.7%
<=18db 0.0% 0.6% 3.4%
| <=24db 4.0% 4.0% 12.1%
<=32db 64.7% 47.4% 69.5%
>32db 31.2% 47.4% 12.6%
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100.0% 99.9% 98.8% 94.2%

80.0%

60.0%

40.0%

20.0%

0,
0.0% 1.2% >7%

0.0%

GI®o 35630

B Jopo03mdo  MLowdbgdo 30mb60 bogoGmggamm

2.4. UMTS 9dbmemeosbg dmd«xdsgg Jugegdo

. | RSCP (dbm) 3560 -85dbm 3m©o: -95dbm
? 0530003030 Lboerdbgdo 30060 LgsOmggwm
<=-100dbm 0.0% 0.0% 5.2%
<=-95dbm 0.0% 0.6% 3.5%
<=-85dbm 0.0% 1.1% 19.1%
<=-75dbm 7.0% 8.0% 33.5%
<=-60dbm 55.2% 63.2% 28.9%
>-60dbm 37.8% 27.0% 9.8%
100.0% 100.0% 98.2%
! 90.0%
I' 80.0% 72-2%
70.0%
60.0%
50.0%
i 40.0%
f 30.0% 19.1%
20.0% 8.7%
i 10.0% 0.0% 0.6% 0.0% 1.1%
0.0%
i (Y90 Lodw)oerMm 3960
W dspymozmdo M Loenrdbg@o 30060 bodoOmzgum
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Ec/lo (db) 3o6po: -10db go: -15db

0om03mdo Loerdbgdo 30mb0 bogsOmzgwm
<=-25db 0.0% 0.0% 0.0%
<=-20db 0.0% 0.0% 0.0%
<=-15db 1.7% 0.6% 0.6%
<=-10db 7.6% 4.0% 6.9%
<=-6.3db 39.5% 28.7% 30.6%
>-6.3db 51.2% 66.7% 61.8%

100.0% 90.7% P34% g7 4%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0% 2
30.0%

20.0%
7.69 9
10.0% . % aon 69%

0.6% 0.6%
0.0% — _—
(3990 Lodmom 3960

B dspoo3mdo  EMLowdbg@o 30060 LagoOmggwm

2.5. LTE ¢gdbmgmy0sbg 3mdmdsgzg Jugergdo

| RSRP (db) 35630: -100dbm 32900:  -108dbm

I 3om03mdo LodbyBo 30060 bogsOmzgem
<=-115 dbm 0.0% 0.6% 0.0%

<=-108 dbm 0.0% 0.0% 0.0%
; <=-100 dbm 0.0% 0.0% 5.2%

<=-90 dbm 2.3% 1.7% 17.3%
| <=-60 dbm 89.2% 86.4% 73.4%
' > 60 dbm 8.5% 11.4% 4.0%
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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% 0.6%  0.0%
0.0%

GIXO

B 35300330

100.0% 99.5% 94.7%

5.2%
00%  0.0% °

LodmoEm 39630

H Lo dbydo 30mb0 bagsGmggem

SINR (db)

3560: 5db goo: 0db

0sm03mdo

bogdbg@o 30mb0 bsgsOmggam

<=-10db 0.0%

0.0% 0.0%

<=0db 5.7%

5.1% 24.3%

<=5 d b 12.5%

18.2% 25.4%

<=10db 27.3%

33.0% 26.6%

<= 15 db 25.6%

18.8% 13.9%

> 15 db 29.0%

25.0% 9.8%

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0% 24.3%
20.0%

10'0% 5.7% 5.1%
0.0% .

GI®o

H 3530003m30
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3. »,Q0M503-GILEHOL" BgNPMOMEMY0S
3.1. 959mygbgdeo 535GMFEH™GMS

LOOmO 2 SbHIZL ,M03-EJuEHOL OML FodmygbgdEro 535M3ENMOL BsOMZ0L bidgdab:
e 533MIMBOEO  SVFMMZ00s: 3MI30BHIN0m, OMIOMSE 0FsOMYOS FOBMB3900, FMdOWIMO

A96M3oboergdo s 13Bgmo; 3 gPmgMo  dmdowIMo  FgMdobseood Samsung Galaxy S4,
SBMOE09@9d96 Yool Fodmfygdsl mommgumo m3geo@meol dmdoww® Jugedo; 3 9MHmgMEo
9mdo©o Eghdobseroom Sony Xperia XZ1, H®Iwgdog sbmOE09wgdgb dmbsgdoms gosigdol
A9LGHMGOL MOMMYME0 M39MGHMEOOL dmdom Jugedo; b3sbg@o Rohde&Schwarz TSMW-om
b Eogegds GSM/UMTS/LTE ¢9dbmemyogdol 1135606090s. b3sbgml 2556600 2 0s8m) 3009890

96396, BMIgdo3 496mogLYdME0s 53EHMIMDOOL  LobmEegby. 13IbgMo sOFMM3z0wos GPS!
9080900 dmfymdomdom, dobo B5EGbs 396msgLgdM0s 53EHMIMdOEIOL LobwyM3%Y.

e 3m39603530900L 300Fobool F96mdsd0 A5bMI3LYdINos 3 FMdOE MO FgMdobsero Samsung Galaxy
S4. 50bodbmmo  Ggmdobscgdo  3Mbd30mboMgdgb Fbmwm© BBl  GHgMIobsgool  Mgg0ddo.
296053L9d0L sa0wo FgMhgmos Logabowrol doduodserMms BEBOW MO Jorgdol mbol s

3d0bodserMo BPL2-0l gomgscolfjobgdoom.

! GPS (Global Positioning System) - 4@mds¢o01M0 3mbozombo®gdol Lobdnds.
©5©0 Lol

SN
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A9bBHoL Q;ml) 3066)6333(0(30@00 iCPL3 45™33900 5 v96005 0gmb 35035¢00ljobgd)eo @sds@qdomo
90¢93500Md0L Mbg 5-15dB*, Goms 3008396LoMEIL Logbsrol Jogg3s 93¢ MIMdOOL Lognmbdo.

3.2. 3mbs399900L sbsgrobo

33193530 dmyz5600 45HBMI3900L ©3w)degzgds M bBMmbzgwymazowos Rohde&Schwarz Network Problems
Analyzer 36Hm650Mww0 M HOHMD3gEYMBom. 30583039008 s O0sMTgd0L bofowo s39dmwos Maplnfo,
Microsoft Excel s MathLab 36mg@Msdweo «bmbzgumygmgoom.

4. 39856900l 3M0GEIM0dgdo

4.1. b3m3560 3353Mdsbgdols AmALIbLYYEYDS

295033900 FoIMgdl 9aMgom §mgdEo ,5sbxMOL* 300b3030m, Losa PobloBPIMME0s BoMol MM,
35BoL OOHM O ©929696M5300L 39MHOMEO (56 F5000 3nTB0bSE0s). obowgm Lgbsto:

e DoMo bmM3090©9ds 08539 M3gMHGMOMOL Jugado bsGIMME IMdOME 3H9M0bsEbY;
o DBsMOL Bobx oMy - 100 30, HmIgeros 99y9ds:

o Bo®ol §odmfiygds - 15 §sdo;

o bdmgsbo Boeo - 100 §oal g59m3egdeo Bseol Fodmiygdol bobyMdarogzmds;
o0 35BS BoeydlL dmMob - 10 Fado.
o

(3030l 396dgmMgds.
299g9b9090s 930LwRso Mgx0do GSM, WCDMA 56 LTE ¢gdbmemyoqdl dmemol.

Voice Calls

bdm3560 259mdsbgdol dgxoUgdolsl 0DMIGOs s BILWYds 98I0 F0MOMSWO 3560539 BHEO:

e Failed Calls — 603600 3603369wmds: < 4%°;
e Good Call - B36meo 36093690 mds: >= 96%;
e Call Setup Time - D360 3609369cmds: <= 5(3.

* iCPL, CPL (in-Car Penetration Loss, dB) — 80¢g35@mds, ®m3gebsg 29603006 Goom boabswo s3¢mdmdogol
LogErmbdo dgmfiaggolsl.
* Radio Interference System Planning for GSM/GPRS/UMTS, Jukka Lempiainen, Matti Manninen
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, 3396 L —

i
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Failed Calls: ‘656)‘5836@5@ 396bmO309wgd Mo Bocmgdol (Failed Calls) 3G:m336¢mwo d5B3969dgwo:
990905 990939300 BoMgdols 96 ImALobYMHgdOL 56 sOBYOdMBOLQD. (Call Canceled o Blocked) -
MHmbsg G9MI0bscrols JogM 0bo0M9deo bdmgsbo g4sdmdsbgds 396 bmMEogeqds. dmdlsbm@madols 56
9MLgdmds (No Service) - MHM©LOE ©93Y5MH9ds 396 bgObYds Lo JergBmbem JMALsbEmadol 56 SOLYdMBOL
2450m.

Good Call: {o6353gdMmo© 29BbMME0gwgdMmo Hatgdol (Good Call) 36Hm39bGHMo  dsB3969dgeo -
OHmOL5E IMBIOWMMHO BHYMI0Bo s53Bogbol Fglisdsdol mmbmgbsls Jugerdo, Gol 999gyo3 bMME0I DS
Juogol doge Mglm@LYdOL Fodmygmas, LEdMEMM S0MbI6EOL FHYMT0bIW ™MD 353006MHOL AYsMYdS o,
239bL5BEZOHMo POHMOL 9909, 39380M0L 30MgdEHwo T9FYy39Gs.

. Call Setup Time: 353306H0L 53YsM9d0L G (Call Setup Time, {o09030), O™ OHMIG0E 2o00L 5dMBY6EOL
| B0IH0oL 53609530096 MM bdmzsb0 39380M0OL sTYsMINdSAY.

4.2. 9mbs39005 5053gaol dmALabyMgds

9b5399m5 4953990l dMALsbwMgdol F9x3sLgd0l JIoBbom, MomMgmEo bgbos gyqds Lbgsalibgs babols

©535¢090900L96. Fmbo390ms hoBH300M30L LohsMol Fglogzslgdws® LoFoMms, Imbgl BodloMgdwwo
B0l gsools byMH3z9eHg 5BH30MM35/BsdmMmEG30M™M35 (ETSI TR 102 678-1 (193md96@s(309):

e HTTP (Downlink Speed) - d0b0odsgowy®o: >= 0.2 3d0@/{0; 3o06p0: >= 5.5 3do@/f0.
e FTP (Uplink Speed) - d0b0ds¢rw®o: >= 0.2 3d0@/{jd; 3o060: >= 5.5 3do@/{j0.

4.3. GSM Jlgeol Esxs®30L dsbalosmgdegdo

MmO 3 360100, GSM 3md0Mo 3HgMdobserol LEsdoww®o 8scmdobsmzgol bs3ds®obos -92 dBm®
900900l ©mbg (RxLev), Boa6od 8bHg39emdsdo Mbs 0dbsll Bogdmwo 5©sdosbol Lbgmwoo s

! 8996md580/53¢MIMdoIo Bgmfiggolol’ gsdmfizgmeo Logbowrol ©sbs35Magd0, s gl sB39690w9gdo sefig3L
! -80 dBm® (RxLev).

GSM Jugemdo 0BmIgds o BobEYOS MO0 FOMOMOIPO 356M539BHEM0, OMIYE0E FIBLIBOIMZL WIRIMZ0L
Dbl o ba®olbl RxLev s C/1.

RxLev: 1396960l doge 4oBmdowo GSM Logbsgol 3oFmemo Loawcosb dowgdmo bogabscrol mby
RxLev, ®m39eo3 30JboMgds 25bmdzol 306309« §96OEHowdo s §o0dmaoyqbl bowgzgomglie Logbownls
9399990 WM 35:300L5M30L. J3960: > -80; (3700 <= -92 ©dJ.

| C/T: 2500503 960bs s 06¢ g0 539MH96300L BoMmds C/T°. BgHyeo 360d3bgwrmds: >= 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
}
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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: do0gdrgcro boabogrols ombg RSCP (Received Signal Code Power), 5649 30093900 bogbagrols 3mol
| oI s36Y. 29BLEBOZOos UMTS ¢)9dbmemmyools Jugerdo. 3960: > -85; 390 < -95 ©dd.

Ec/To: boabsg/0bEgmagm9bzool odmds Ec/lo. 3o6yo: > -6.3* ©d; 39900 < -15 d.

4.5. LTE gugeols osgomzol dobsliosmgdegdo

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

SINR: Logbseol 3sMm@Mds 06EHIORIMI6E00LS s bAsw®msb (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
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