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1. Bgisbé;o

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
5 Bb3gs. LogMHMTMOOLM 365JEH030L s M93mT9bEoE0gdOL FobgOZ0m, MOMMYOLIMZOL
296L5BO3MHM0s Jgbsdsdolo KPIs (Key Performance Indicators), H©mdgdoa 29653060md9096 omdsmdols
doOOMo FoboliosmgdEgdL.

2. 9mbo@mmobyols 9gcga0

dmboGMm®mobyols 39H0m©o: mgdgM3zswo, 2022.
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2.1. Voice Calls - bdmgsbo stigdo (GSM, UMTS)

‘ Good Calls bw3Ho 3608369mds: 96.00%
0530003030 Lbogrdby@o 30060 LsgsOmggewm
98.8% 89.0% 85.1%
Failed Calls BO3Oo 3603369mds: 4.0%
0530003030 Lbogrdby@o 30060 LsgsOmggem
1.2% 11.0% 14.9%
Call Setup Time (s) P3O0 8608369mds: 10s
0530003030 bogrdby@o 30060 bogsOmzgwm
<10 92.94% 98.77% 33.75%
10-15 7.06% 1.23% 56.25%
>15 0.00% 0.00% 10.00%
2.2, 3mbs3g8ms 35053930 dmdLsbmegds (LTE)
‘ HTTP Average Data Rate (3d0¢)/{0) Bgmo 3608369wmds: 5.5
0oa03md0 bogrdby@o 30060 LgsOmgzgwm
323 42 9.1

HTTP 3603 ™300 500l godmfigmolsl sgodlo®mgdmewo bsdoswm bobdstg (3d0@/{d)

30060 bogdsGmzgem

© 139dBHBOL S BHgdbmeMaooL I3sHESTYOEO,

0 5
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vocegboo |, <2
dsprozmio | 323
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FTP Average Data Rate (3d0¢)/$0) BEgHEo 3608369wmds: 5.5
i 053000330 Logdby@o 30060 LsgsGmzgmm
22,5 16.9 124

FTP 360033000 Bo00ol 5330003058 ©og30Ju06Mmgdwo bsdogswm bobdsmg (3d0E/{0)

30060 bodsGmzgem 12.4 ‘

ocetioco I

0 5 10 15 20 25

FTP 36m@™3me00d 80356:0030U5b §o6dsgdwgeno 300900L 30m396& 1w dsB39b9d9wo

83.0%

2.3. GSM 9dbmemp0sbg 8mdwmdsgg Jugergdo

| ‘ RX_LEV (dbm) 356a0: -80dbm gMo:  -92dbm
: 05000330 Lbogdby@o 30060 LgsOmgzgmwm
<= -96dbm 0.0% 0.0% 23.8%
<= -92dbm 0.0% 3.6% 4.8%
| <= -80dbm 0.0% 19.3% 10.7%
5 o= i 23.5% 26.5% 48.8%
<= -40dbm 61.2% 44.6% 11.9%
; > -40dbm 15.3% 6.0% 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%

28.6%

3.6%

GIXo

B 3530003030

100.0%

77.1%

60.7%

19.3%

10.7%
o B

Bodroem 3960

B bocndbgdo 30060 bodsOmzgEm

C/1 (db)

brgmrmo 3600369emmds:  18db

0530003030

Loangbg@o 30mbo LsgsHmzgwm

<=8db

0.0%

3.6% 15.5%

<=14 db

0.0%

10.8% 23.8%

<=18 db

0.0%

6.0% 17.9%

<=24db

0.0%

3.6% 10.7%

<=32db

30.6%

33.7% 31.0%

>32db

69.4%

42.2% 1.2%

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

0.0%

57.2%

20.4%

O.O% .

GIXO

100.0%

79.5%

42.9%

3960

W dopoo3mdo  MLowmdbgdo 30mb0 bogsGmggmm
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2.4. UMTS &9dbmemy0sbg 3mdmdsgg Jugemgdo
RSCP (dbm) 396o: -85dbm 3w©o: -95dbm
053000330 Lbogdbg@o 30060 bsgsOmnggam
<=-100dbm 1.2% 7.1% 0.0%
<=-95dbm 0.0% 10.7% 6.0%
| <= -85dbm 2.4% 8.3% 15.7%
: = 755 1.2% 6.0% 14.5%
<= -60dbm 30.1% 36.9% 28.9%
> -60dbm 65.1% 31.0% 34.9%
!
100.0% 26.4%
5 90.0% 53%
: 80.0% 73.9% "
70.0%
| 60.0%
50.0%
40.0%
30.0% 0
20.0% 17.8% 15.7%
10.0% 1.2% . : 2.4%
0.0% I -
(Y90 Lodw)oem 3960
W dspymozmdo M Loenrdbg@o 30060 bodoOmzgum
: Ec/lo (db) 3o6o:  -10db gmo: -15db
! 0om03mdo Lbogrdbg@o 30mb0 bsgsOmzggam
<=-25db 0.0% 0.0% 0.0%
: <=-20db 0.0% 0.0% 0.0%
<=-15db 0.0% 0.0% 0.0%
; <=-10db 4.8% 15.5% 4.8%
<=-6.3db 14.5% 20.2% 48.2%
; >-6.3 db 80.7% 64.3% 47.0%
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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% 0.0% 0.0%

GIXo

B 953000300

B o dbgho

15.5%

4.8% 4.8%
|

Bodryoem

30060 bogsemmzgem

2.5. LTE ¢)g9bmemaosbg dcmdmdsgg Jugegdo

95.2% 95.2%
84.5%

3960

RSRP (db) 356p0: -100dbm 3Mo:  -108dbm
0530003030 bogrdby@o 30060 LgsOmggwm

<=-115 dbm 1.2% 0.0% 15.5%
<=-108 dbm 0.0% 8.3% 14.3%
<=-100 dbm 0.0% 13.1% 4.8%
<=-90 dbm 1.2% 6.0% 4.8%
<=-60 dbm 67.1% 58.3% 44.0%
> 60 dbm 30.6% 14.3% 16.7%
100.0% 28.9%

90.0% 78.6%

80.0%

70.0% 65.5%

60.0%

50.0%

30.0%

igg‘i’ 8.3% 13.1% s

0% 1.2% 0.0% o
cor 2 mm ]
) bodmoeom 3900
B dogonozmdo  BlLoedbgdo 30060 bodsGmzgem
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SINR (db) 356p0: 5db gno: 0db
0om03mdo Lbogdby@o 30060 LogsOmgzgewm
<=-10db 0.0% 0.0% 1.2%
<=0db 2.4% 11.9% 19.0%
<=5db 8.2% 14.3% 9.5%
<=10db 12.9% 17.9% 10.7%
<=15db 14.1% 17.9% 21.4%
>15db 62.4% 38.1% 38.1%
; 100.0% 89.4%
i 90.0%
: 80.0% 73.9% 54 59
i 70.0%
: 60.0%
50.0%
i 40.0%
30.0% 20.2% .
-: . 14.3%
20.0% 11.9% 8.2% 9.5% :
10.0% 2.4% .
oo e I ]
B0 Lodwmoem 3960
B Jopo03mdo  MLowdbgdo 30mb60 bogsGmgzgam

| 3. »,M3503-GHILEHOL FgOMPMEMYOS
| 3.1. 358mygbgdmeo 535M5EHMGS

L5000 2 Sb5bagL ,,M03-BILAEHOL MM F5dMYgbgd“Y0 535M5EWIMHOL BsMMZ0L bidgdal:

! o 533MIMBOE0  SVFMMZ0W0s: 3MI30BHIOH0M, OMIOMSE 0FsOMYOS FoBMIZ3900, dMBOWIMHO
: A96M3obocrgdo o 13bgmo; 3 gMmgMeo  dmdowMo  Fgmdobserood Samsung Galaxy S4,
SbMOE09wgd9b Dol [o9mfygdsl mommgmmo Mm3gemo@memol dmdoww® Jugwdo; 3 9MHgMEo
9mdowMo GHgmdobsewoom Sony Xperia XZ1, HmAwgdog sbmM309w9096 dmbozgdms 49wo39d0L
AILGH0MIOL MOMNMYMNXO M3GHSGMOOL IMdoE Jugedo; 13sbgMo Rohde&Schwarz TSMW-oom
bomdEogegds GSM/UMTS/LTE ¢9dbmemaogdol 13sboMgds. b3sbgml a5sbbos 2 sdme 3009890
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066360, @51360(3 "2)350)031)363@00 933™IMdool  LobMogby. 13IbgMo sFMM30wos GPS!
0000900 dMfymdoEMmdom, JoLo 965E9bs gobmoglindmeos 53EHMIMdOEIOL LobMI3DY.

e 3031603530900l 30dobool F96md5d0 A5bMI3LgdMos 3 FMdOEOO GgMdobsero Samsung Galaxy
S4. 50bodbmmo  Ggmdobscgdo  3Mbd30mboMgdgb Fbmwm© BBl  GHgMIobsgool  Mgg0ddo.
396053L900L 500 F9HbgMEos Logbsol dodlodo M bEsdOW MO d0Mgdol mbol s
9d0b0dserMo BPL2-0l gomgscolfjobgdoom.

A9bGHOL OML MBOWD39WYMBR0E0s iICPLE oBMI3900 s Mbs 0gmb om35w0ob{iobgdmwo sds@gdomo
9009350™d0L EMbg 5-15dB*, Moms 3m33g6LoMEIL Logbswol dowgzs 53EHMIMdOEOL Loermbdo.

3.2. 3mbs399900L 565¢obo

33193580 dmyz560e0 45HBMB3900L ©s3w)dsgzgds M bMrmblzguymzowos Rohde&Schwarz Network Problems
Analyzer 36Hm650w0 MHOHYb3gEYMBom. 40983039008 s 0sMF9d0L bafowo s39dmwos Maplnfo,
Microsoft Excel cos MathLab 36mg@Msdwaro «bmbzgumygmgoom.

4. 39x8sLgdolL 3G0GEIModgdo

4.1. H3m3560 359MAsbgdol dmALobuyMgds

290033900 FoMImgdl 9aMgom §mgdo ,,53sbxMOL 30063030m, Losa PobloBLIMME0s DGOl MM,
35BoL OOHM S M529696M5300L 39HOMEO (56 Fs00 3MTB0bsE0s). obowgm Lzgbso:

e DB3M0 bmME309mgds 08539 M3gMHoEGHMMOL Jugedo Bs®¥E dMmdOE GgMHdobowbHy;

! 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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%b%obq;bé?x& - 110]()'.‘{3080, OmIgeroi 99yq0s:
o Dol Fodmfiygdes - 15 §sdo;
o bdmgsbo Bo®o - 100 §oal go0m 39390 BsMol Fodmiygdol bobyMdarogmds;
o 357H5 Bsgdl m®ob - 10 sdo.
o

(3030l 3563gmM9gds.

299g9g6909)0s 930LvRso Mgxodo GSM, WCDMA 56 LTE ¢gdbmemyoqdl dmémol.

Voice Calls

bdm3560 209mdsbgdol Ggxrolgdolols 0DMIGOs O BOLEYdS F9YRO F0MHOMSWO 3505TgBHEO:

e Failed Calls — ‘6300 3603369wmds: < 4%5;
e Good Call - Be30meo 36093690 mds: >= 96%;
e (all Setup Time - 63600 36093690 mds: <= 5(0.

Failed Calls: §56v905¢9gds@ 256bm®E0gwgdmmo bo@gdol (Failed Calls) 30m3gb@wyaro 9s639690900:
99003905 390939300 Bo®gdols 96 FmALobymHgdol o6 sOLYIMOOLAB. (Call Canceled o Blocked) -
MHm9gbsE G9MB0bseols JogM 0bo06M9do bdmzsbo god8mdsbgds 396 bmMEogmgds. dmaLobm@mgdol 56
MLgdMds (No Service) - MMEgLSE YOS 3960 HgMBYdS Lo JwgBmbm dmdLobwyMmgdol 56 sGLGdMdOL
| 290m.

Good Call: {o®353gdo© A5BbMO30gwgdemo HoMgdol (Good Call) 3Om3gb@Eneo 358396990 -
MHm9LOE IMBOWIMHO 3HgMI0bswo s3Hs360L Fgliodsdol Immbmzgbsls Jugedo, ®ol 998gyo3 bMME0IYdS
Jugol 8ogem MYgLGLYdOL Fodmymas, LEdMEWMM SdMbI6EHOL FHYMT0bIW ™MD 353806MH0OL AYMYdS o,
! 239bLsBEZOo POMOL G939, 39380M0L 3MgdEHo T9Fy39Ge.

Call Setup Time: 353306H0L 5345900l M (Call Setup Time, {o99030), O™ OHMIGEOE 2o00L 5dMBY6EOL

B0IH0oL 5360958306 MIsEm© bdm3zs60 3538000l sTYsMINOSAY.

| 4.2. 90bs390005 230053990L dmMALEbYYEHYDS

9mb539905 45053930l dmALEbBYIMHgdOL Fgnsligdol JoBbom, mommgmeo bglos 89ygds Lb3sLLIS Lobols
535009090096, IMbs3gdms BoG3060m30L LoBJs®OL Tglogsligdws BoFoMms, dmbogl godboMgdmo
Bmdol gsools byMH3z9eHBY 5BH30MM35/BsdMmEZ30MHM3s (ETSI TR 102 678-1 ¢193m396©s(309):

5 Nochiri.Ifeoma.U, C.C Osuagwu, K.C. Okafor, Empirical Analysis on the GSM Network KPls Using Real- Time Methodology for a
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e HTTP (Downlink Speed) - 80608sam6r0: >= 0.2 830¢y/§8; 35610: >= 5.5 850¢/50.
e FTP (Uplink Speed) - 90b08sgrw®o: >= 0.2 3d0@/(0; 3o06p0: >=5.5 3do@/(0.

4.3. GSM gigeol sgs®zols dsbsliosmgdergdo

MmO 5 3600005, GSM 3doHo 3gMdobserol LEedowwo mBscmdolsmgol bs3ds®obos -92 dBm®
d00gdol ©mbg (RxLev), doa®sd dbg39wrmdsdo Mbs 0dbsl domgdmwo 5sdosbol Lbgmeom s

99600580/ 93¢ M3Mdodo G9mfigz0Lal’ 2edmfi3gweo Loabswol sbs3sMygdo, s gl BsB3969de9d0 sefig3l
-80 dBm?® (RxLev).

GSM gugan8o 0Dmdgds s BobiYds MO0 JoMOMSEO 356M59xGM0, MHMIgwoa IBbLEBOZMIZL OBIGMZOL
Dbl s ba®olbl RxLev s C/1.

RxLev: 1356960l dog® 4oBmdowo GSM Logbsgol 3oFmemo Loawcosb Jowgdrmo bogabscrol mby
RxLev, 039003 30gboMgds gobmdzol 3:m6309@ 1w §960EH0wdo s §omdmaygbl Lormzgmglie bogbawls
9399990 W M35300L5M3Z0L. 3960: > -80; (370 <= -92 ©dJ.

C/T: 2500503 9B0bs s 06¢gH539MH96300L BoMmmds C/1°. BgMeo 360d3bgwrmds: >= 1810 ©d.

4.4. UMTS Jugemol sg3s30l dsbsliosmgdegdo

OMamO3 36Mmd0os, UMTS (CAT 3)! 9mdoww®mo ¢9MHdobscrol bdsdoww®mo d«gdsmdolsmgol Lozdsmolos -
95 dBm*? 300gdol mby (RSCP), 3o3™s0 3bgg9emdsd0 1B 04658 5093990 5@s30560L bbgmmom s
996Md580/53BHMIMd0T0 259mf399w0 Logbserol J0eg35Mds (ssbEmgdom 8-12dBm), gl dsB3969dgd0
5093l -85 dBm. Bmy05, goblsbmzmmeos 89890 ©™bggdo 3900l sdsdEMdOLIM30L: 3560 (RSCP
> -80 dBm), Lodwgoeme (-80 dBm >= RSCP > -95 dBm) oo byli@o (RSCP <=-95 dBm)'3.

UMTS Juge08o 0bmdgds o 3s1@gds 6o doMmomso 356M539@6M0, MmIguog goblobmimogl @osgsmzol
Bmbsbs s bo@olbly RSCP s Ec/lo.

RSCP: 80099390 boabaogrols ombg RSCP (Received Signal Code Power), 56w 8009d399¢00 bogbsgol 3mols
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
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Ec/Io: bogé@/oﬁégg@geoob BoMMds Ec/lo. 3otgo: > -6.3* ©d; 399000 < -15 o.

4.5. LTE gugeol osg3s630L dsboliosmgdggdo

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 bogbserol 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 LobosrgdOLvsh) s SMBTO sOLYdMEO bTsMOL LOTISZMHOL K 5Tb.

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