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1. 9glsgo¢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 3560:  296.00% GMOo: < 96.00%
0530003030 Lbogrdby@o bgwgo
100.0% 99.6% 98.2%
Failed Calls 3o96o: 4.0 G9©o: >4.0%
0530003030 Lbogrdby@o bgwgo
0.0% 0.4% 1.8%
300
250
200
150
100
50
0
0530330 Loandbg@o Ly go
No Service 0 1 2
m Call Cancelled 0 0 3
= Good 264 276 266
HGood mCall Cancelled No Service
Call Setup Time (s) Brghvymo 8609gbgmmds: < 10s
0om03mdo Lbogdby@o by Rgo
<10 72.73% 96.74% 73.68%
10-15 26.52% 3.26% 25.56%
>15 0.76% 0.00% 0.75%

© 13gdBHE0L s BgIbmE MO0l 35MEFSIY6EH0, dmboBmMmobyol xan0, 2024
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2.2 8(053380)5@.3(38015 dmdlbobwmegds (LTE)

HTTP Average Data Rate (3d0¢/{0) 3960:  25.53d03/%0 3Mo: < 5.53d0%/f0
0om03mdo bogrdbg@o bgwgo
35.9 50.0 10.5

HTTP 3603 ™30me00 8500l godmfigmholsl sgodlo®mgdmewo bsdoswm bobdsty (3d0@/{d)

oo | 05

boerdbgdo

50.0

o
=
o
N
o
w
o

40 50 60

Kepler-ob 33960b Bsdm@GH300m30L OML ©sx30JLoMJIIE0 bsdrewm Lobdsmg (3d0@/fd)

Lywgo 1.14

LboerdbgBo 1.54

1.57

0530003030

o
o
[N}

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

HTTP 36:0¢™3000 3085600030b5L Fomda@gdmeo 300900l 30mEgb@rwo dsb39b9dgwo

100.0%

Lgwgo

96.0%

Lboedbgdo

© 13gdBHE0L s BgIbmE MO0l 35MEFSIY6EH0, dmboBmMmobyol xan0, 2024




339603530990l 3moLos

o ST amaee s TN i

FTP Average Data Rate (30¢/$0) 30630: = 5.5 3bod/fd 37Q0: < 5.5 330¢)/fd
0530003030 Lbogrdby@o bgwgo
! 20.3 23.8 6.5

FTP 3603 ™300 83500l 5E300030LsL ©sx50gboM9dveo bydrgscm bobdsmg (3d0@)/fd)

6.5

I 38
I, 03

5 10 15 20 25

Lgwgo

bowrdbgdo

0530003030

o

FTP 36m@ ™300y 80356:003085L §o6853 90990 (300900L 30m396E 1o 853969090

e, o17.0%
I os.2%
&I

2.3. GSM 9dbmemp0sbg 8mdwmdsgg Jugergdo :_

RX_LEV (dbm) 356M30: -80dbm GMEo:  -92dbm
'I 0om03mdo Lbogrdbg@o bgwao
<= -96dbm 0.0% 0.0% 0.0%
<=-92dbm 0.0% 0.0% 0.0%
.- <= -80dbm 0.0% 0.0% 16.4%
: <= -56dbm 38.0% 45.9% 76.2%
! <= -40dbm 57.0% 51.6% 7.4%
> -40dbm 5.0% 2.5% 0.0%
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100.0% 100.0% 100.0%
90.0% 83.6%
80.0%

{ 70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0% 0.0% 0.0% 0.0% 0.0%  0.0% .
0.0%

16.4%

(3990 Lodwgoem 3960

B Jopo03mdo  EMLowdbgdo MULgwgo

C/1 (db) brgtrmmo 360936gwmmds:  18db
i 0om03mdo Lbogdby@o b0
<=8db 0.8% 0.8% 2.5%
? <= 14 db 1.7% 2.5% 4.1%
<= 18 db 3.3% 4.9% 4.1%
<=24db 12.4% 17.2% 15.6%
<=32db 62.8% 65.6% 70.5%
>32db 19.0% 9.0% 3.3%
100.0% 94.2% 91.8% 89.4% '
80.0%
" 60.0%
40.0%
20.0% 5 8% 8.2% 10.7%
0.0% s B R
BIO 39600
! W dsymo3mdo  EMLoerdbgdo MLgargo
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2.4. UMTS &9dbmemy0sbg 3mdmdsgg Jugemgdo
RSCP (dbm) 3560: -85dbm 3Mo: -95dbm
053000330 Loerdbgdo bgwgo
<= -100dbm 0.0% 0.0% 0.0%
<= -95dbm 0.0% 0.0% 0.0%
[ <= -85dbm 0.0% 0.0% 0.0%
<= -75dbm 0.0% 0.8% 9.2%
g <= -60dbm 53.8% 58.3% 77.3%
? > -60dbm 46.2% 40.8% 13.4%
100.0% 100.0% 99.9% 99.9%
80.0%
3 60.0%
40.0%
20.0%
00%  0.0% 0.0%  0.0%
0.0%
(3990 Lodwgoerm 3560
B Jspmozmdo MULowdbgdo MULgwago
Ec/lo (db) 3o60: -10db gwo: -15db
{ 0om03mdo Lbogrdbg@o b9y R0
<=-25db 0.0% 0.0% 0.0%
i <=-20db 0.9% 1.7% 0.0%
: <=-15db 6.0% 3.3% 0.0%
5 <=-10db 17.1% 8.3% 20.2%
<=-6.3db 37.6% 40.0% 40.3%
>-6.3db 38.5% 46.7% 39.5%
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100.0% 86,79
8 79.8%
80.0% 76.1%
5 60.0%
40.0%
17.1% 20.2%
20.0% 6.9%  5o0% o 8.3% .
. 00
0.0% EE |
(3YIO0 bodmoEm 3960 !
I Hdspyomo3mdo  BlLowdbgdo BLgargo
|
i 2.5. LTE ¢ggdbmemaosbg dmdwdsgg Jugergdo
I RSRP (db) 356rgo:  -100dbm Go:  -108dbm
, 0om03mdo Lbogdbg@o bgwao
{
<=-115 dbm 0.0% 0.0% 0.0%
<= -108 dbm 0.0% 0.0% 0.0%
<=-100 dbm 0.0% 0.0% 1.7%
<=-90 dbm 1.7% 1.7% 9.3%
<= -60 dbm 74.3% 79.3% 72.9%
> 60 dbm 24.0% 19.0% 16.1%
100.0% 100.0% 100.0% 98.3%
90.0%
80.0%
i 70.0%
60.0%
50.0%
40.0%
30.0%
i 20.0%
| 10.0% 0.0% 00% 0.0% 00% 00% 17%
0.0% —
i B0 bodmom 3560
W dsgomno3zmdo  EMlLowdbgdho MLgargo
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SINR (db) 35Mg0: 5db goo: 0db
0om03mdo bogrdbg@o bgwgo
<=-10db 0.8% 0.8% 2.5%
<=0db 21.5% 5.8% 16.9%
<=5db 19.0% 20.6% 20.3%
<=10db 30.6% 24.0% 22.9%
| <=15db 14.9% 28.1% 24.6%
> 15 db 13.2% 20.7% 12.7%
’
100.0%
i 80.0% 72.8%
58.7% 60.2%
; 60.0%
40.0%
22.3% 19.4% 19.0% 20.6% 20.3% i
" HzE HEHEBE
0.0% -
(390 Lodwom 3960

I W dsyomozmdo  MLowdbgdo MLgergo

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

L5000 2 Sb5bagL ,,M03-BILAEHOL MM F5MYgbgd“YEO 535M5EWIMHOL BsMMZ0L bidgdal:

e 533MIMBOWO  SOFNMZ0w05: 3nI30GHIO0m, MMIOMs3 0FsMMYds FoBMIZgd0, FMOdOEMHO
! A9Mdoboergdo s LIbgMo; 3 gPMgMwo dMmdoEHo  GHgMdobseroo Samsung Galaxy S4,
: SbMEOE09wgd96 Yool [o9mfygdsl mommgmmo Mm3geo@mcmol dmdoww® Jugwdo; 3 9MHgMEo
9mdowMHo GHgmdobsewoom Sony Xperia XZ1, HmIwgdog sbmM309w9096 dmbozgdms 49ws39d0L
AILGH0MIOL M0MNMYMNXO M3GMHSGMOOL IMdoE Jugedo; 13sbgMo Rohde&Schwarz TSMW-om
bodEogegds GSM/UMTS/LTE ¢9dbmemaogdol 13sboMgds. b3sbgol a5shbos 2 sdme3009d9wo
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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  GHMIobsgool  Mgg0ddo.
396053L900L 500 F9HbgMEos Logbseol dodlodo M bEHIdOW 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 36Hm650Mw0 MHOHYb3gEYMmBom. 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 PobloBIMME0s 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& -90 ‘{5&80, MmIgeroi 99yq0s:
o Dot Fodmfiygds - 20 §sdo;
o bdmgsbo Boero - 90 Hodls 259m3egd gm0 Boeol Fodmfiggdol bobyMdarogmds;
o 357H5 BoMgdl ImMob - 5 ffodo.
o

(3030l 3563gmM9gds.

299g9g690)0s M930LvRso Mgx0do 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 - 6300 36093690 mds: <= 10{3.

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) -
MHmgbOE GH9MB0bsols JogM 0bo00M9dmo bdm3zsbo godmdsbgds 396 bmMEogmgds. dmaLobmEmgdol s6
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,
! 239bLsBEZOHMo POHMOL G999, 39380M0L 3MgdEHo T9Fy39®s.

Call Setup Time: 353306H0L 5345900l M (Call Setup Time, {o99030), O™ OHMIG0E 2o0OL 5dMBI6EOL

B0IH0oL 5360958306 MIsEm© bdm3zs60 3538000l sTYsMINOSAY.

| 4.2. 90bs390005 230053990L dmMALEbYYEHYDS

9mb539905 5053990l dmALEbBYIMHgdOL Fgnsligdol JoBbom, mommgmeo bglos 89ygds Lb3sLLIS Lobols
535009090096, IMbs3gdms BoG306Mm30L LoBJs®OL Tglogsligdws BoFoMms, dmbogl godloMgdwo
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

CalE R
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e HTTP (Downlink Speed) - 80608sca6r0: >= 0.2 830¢y/§8; 356130: >= 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 BobiEYds MO0 JOMOMSEO 356M59xGM0, MMIJwoE IBLEBOZMIZL OBIGMZOL
Dbl s ba®olbl RxLev s C/1.

RxLev: 11356960l 3096 obmdowo GSM boabsgrol 303160 LoEyO0Esb d0wgdwo Logbswols mby
RxLev, ®m39wo3 30Jbo6Mgds 25Hmdzol 306309@GHwe §96EHowdo s §omdmoyqbl bowg3gomglie Logbownls
939090 W M35300BsM30L. JoGo: > -80; 310 <= -92 ©da.

C/T: 3500593960bs s 0bEgOx9096300L Bobmds C/I°. bzt vywo 9609369 mds: >= 1810 ©d.

4.4. UMTS guggmol cosgo630l dsbolosmgdangdo

OHmamO3 36Mmdowos, UMTS (CAT 3)1 9mdowv®mo ¢9gMdobscrol bidsdoww®mo dwdsmdolsmgol Lozdsmolos -
95 dBm** 300gd0ol mby (RSCP), 3o3Ms0 3bg39e™mdsd0 Mbs 04658 50gdw9e0 5@s30560L bbgmmom s
396Md590/53EHMIMd0¢T0 209mfF39991e0 LobsE ol J0E)35 MBS (SsbEMgdom 8-12dBm), 9 35B3969dgd0
50f93L -85 dBm. M550, 3oblsbmzmveos 89980090 ©™bggdo 3900l 9dsdMEIMdOLIMZOL: Jo6yo (RSCP
> -80 dBm), Lodwsee (-80 dBm >= RSCP > -95 dBm) oo byli@o (RSCP <=-95 dBm)!3,

UMTS Jugew8o 0Bmdgds s Bobgds MO0 doMmoms@o 3560539300, Mmdgmoi gobloBmamogl oxgsm3zol
Bmbobs s ba®olbl RSCP s Ec/lo.

® 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 8Ubgo @absbangd«ne 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-J6rg 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

Jjerstein
T

EaTE R 2
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RSCP: 80&3@@0]}65@1}@0}63 RSCP (Received Signal Code Power), 56w domqdmwo Logbseol 3meol
Lo H36Y. 29BLEBOZOos UMTS ¢)9dbmermyools Jugerdo. 3o60: > -85; 390 < -95 ©dd.

Ec/Io: boabsg/0b@g0ag09bzool odmds Ec/lo. 3o6yo: > -6.31* ©d; 32900 < -15 ©d.

4.5. LTE gugeols 0sg3s630L doboliosmgdggdo

LTE Jugedo 0Bmd9ds o BoLEYds OHMyMM 3 J0M0MSO, 515939 b3S odsEgdomo:

e RSRP - 356p0: > -1000003%; (371000 < -108¢0d3.
i e SINR - 3560: > = 10000; 3900 < 5¢d.

RSRP: 695396096 wco bogbswrol domgdwo boddwsgdg. (RSRP - Reference Signal Received Power).
390539360, OHMIgo3 458m094qbgds Loabswrols EMbob yolsbmds

SINR: bLoabseol BoMPMBdS 06EIORIMNBEOLS S oMb (SINR - Signal to Interference and Noise Ratio).
390539BH6M0, OHMIgwoi Jomdmoyqbl dm3gdemo Logbsol Loddwsgmol BsMEMdL 0bEgMxgM9biool
Loddsz3M0oL (HomBmoddbgds bLbgs Logbswrgdologsh) s SOBAO sOBYdMEO bAsrMOl LOAdEISZMOL X STMb.

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

SIRTE RS =
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