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| 2.2. Voice Calls - b8mgsbo bsrgdo (GSM, UMTS)

: Good Calls 36 m@o 960936gmmds: 96.00% i
; 000330 Lbogrdby@o bgwgo
| 93.3% 88.1% 75.4%
i Failed Calls Dn3mwo 360d369wmds: 4.0%
3s3m03m30 Loangdbg@o Lbywrago
" 6.7% 11.9% 24.6% |
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053000330 Lboendbgdo bgeao
No Service 22 34 93
B Call Cancelled 2 6 5
H Good 332 297 301
', B Good M Call Cancelled No Service
3 Call Setup Time (s) B3O 36083690mds: 10s
: 0530003030 Loangbg@o Lbywaso
! <10 83.13% 97.64% 88.70%
: 10-15 15.36% 2.02% 9.97%
>15 1.51% 0.34% 1.33%

2.3. 3mbs3980s 35053990 dmALsbmegds (LTE)

ICMP Ping average (ms) B3OHo 3608369wmds (<= doeoffsdo): a0
05303030 Lbogdby@o bgwao
I 66 34 126

bocego | 126
vocegboco I 3/
dspoogmdo  [INEGEEE <o

0 20 40 60 80 100 120 140

Ping-ob (o353 9090 3009000 3OmE96G Mo 3563969890

voceszo |, 77.4%
: voceg6ocro | 94.6%
sspr03000 |, o1.5%
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FTP Average Data Rate 3d0¢)/$0) BrgGrIo 8509369 mds: 5.5
053000330 Lbogdby@o bgao
15.0 15.3 6.1

FTP 3603 ™300 8500l 5E300m30LsL ©s50gloM9dv9eo bsdrgswm bobdsmg (3d0@/fd)

p— g

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
FTP 3603 ™300 30950:m30LL Ho®Ts3gd1eo (300980L 30m396@ o dshggbgdgwo
vocoso | ¢o.1
vocegeoco | 51.4%
2.4. GSM ¢996mema05Dg 8mdmdsgg Jugergdo

RX_LEV (dbm) 3500: -80dbm 3w©o: -92dbm
0oa03mdo Lboedbgdo bgwgo

<=-96dbm 0.9% 1.4% 5.4%

<=-92dbm 0.6% 1.4% 2.7%

<=-80dbm 4.5% 6.1% 14.0%

<= -56dbm 52.3% 61.5% 64.7%

<= -40dbm 39.8% 28.1% 12.9%

> -40dbm 1.8% 1.5% 0.4%
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100 L L
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30 Il Veon (282; 4)
20 E Magti GSM Ltd. (282; 2)
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0 >=-75 dBm >=-85 dBm >=-95 dBm >=-105 dBm al
C/1 (db) be3Ohmeo 360d36gcmds:  18db

0om03mdo Lbogdby@o 30060 bsgsOmnggam

<=8db 0.2% 0.0% 0.9%
<=14db 0.5% 0.4% 3.8%
<=18db 0.6% 1.5% 3.2%
<=24db 5.5% 5.0% 13.6%
<=32db 52.7% 55.5% 56.8%
>32db 40.4% 37.6% 21.7%
100.0% 28.6% 28.1% 92.1%
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B3>
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<= -100dbm 1.2% 2.8% 18.4%

<= -95dbm 1.7% 2.0% 5.2%

<= -85dbm 3.8% 6.3% 18.8%

<= -75dbm 14.0% 17.2% 27.4%
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The chart below shows the cumulative distribution of the Top1 Coverage samples of different operators
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The chart below shows the cumulative distribution of the Topl Coverage samples (RSRP) of different operators based on narrowband values
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The chart below shows the cumulative distribution of the Topl Interference samples (SINR) of different operators based on narrowband values
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Cell Throughput per TTI (MBit/s)
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mloerdbgdo | 21185 | 6160 4304 3676 2347 1316 976 1963 10311

! B gm0 24323 | 11828 | 5884 2888 1599 646 287 277 53
boedbgBo* | 2143 916 493 277 143 67 27 4 12
W dspmo3mdo| 26424 | 11514 | 5996 4265 3577 1407 1202 1666 10277

| Maximum and Average Cell Throughput (Mbit/s)

140.0 132.6

120.0

100.0

80.0 71.3

61.4

60.0

40.0

19.5
: 20.0

0.0
Lodgocm SRy e iy [QTe)

B dsymozmdo  MULoerdbgdo MLgergo Lbogdbg@o*
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3. ,503-gbAb* B1omEMEnIR0S

3bgo®modo guwdbgds dgom©L, GMIGEoE 93MMO0MYIMWos 93Mm30L J39969ddo (oo dMOEBgMO!,
00602, 3mEmbgmo® s bbgs) s 0035olfjobgdl GHILEOL Bo@sMYdL Brym®i Aubgow Joesdgddo
@5 650mbmm 396369080, sbg3g FgIMIdom F30Mg  ILLbEIGdIME 3MbIGHJddo s Lmywgddo,
1553GMIMBOEIM Foa0LEMOEgO0L goLH3M03 s bbgs.

i T

LTI e
""I“:::: RES S |
W ——==—

:unu. : < ’.:
g

I 3.1. 359mygbgdme0o 535M5EHMGS

Lm0 2 SbobI3L ,M03-GJuEHOL” OML Fodmygbgdmeo 535M3GVMOL PsOMZ0L bgdgdab:

e 533MIMBOWO  SOFNMZ0w05: 3nI30GHIO0M, OMIOMS3 0sMMYds QoBMIZgd0, BMOdOEMHO
! A9Mdoboergdo s LIbgMo; 3 gPOgMwo  dMmdoEHo  GHgMdobseroo Samsung Galaxy S4,
% bMOE09wgd9b Dol [o9mfygdsl mommgmmo Mm3gmo@mcmol dmdowv®d Jugwdo; 3 9MHmgMEo
dmdowMHo GHgmdobseroom Sony Xperia XZ1, Hm3wgdog sbem30909096 dmbszgdms 40053930l
AILGH0MIOL MMO0MNMYME0 M3GHSGMOOL IMdOE Jugedo; b3sbgo Rohde&Schwarz TSMW-om
b6 3090905 GSM/UMTS/LTE 9d6memaogdol b3sbo®mgds. 13s69ML 2558605 2 sdmm300989wo

1 UK, OffCom - 3569321006 309w0, Hmdgeog 5GdO9dL gm3gefmon® ,,M003-GgbE0L" 39835605 m39M5EMM9d0L
369d30mboMgdol ba®olbmd®mogo 35839690 gdol sagbols Jobboom.

? Ireland, ComReg - 3593709090, GHgbEob d0Bsbl Fomdmoagbl boGolbmdMm0g0 3sh39690¢gdol sy bs.

* Poland, UKE - 8569399¢069d9w0, 396356963010 Gab@dotgds. Gab@ob do%sbl §o®dmaoagbl bosGolbmd®mogo s
39d603m60 05639690 gdol  ©oygbs, bmem  Fggagdol  asdmdzgybgds  bgal  MFgmdl  dmdLobmEmgdgdol
29098 ™dILIBL 5 KBLIRO 3MBINMIBEOOL SGLYEMBL 35380MEHOTMBOL BIBIODY, . isrrmrrnas:

215ET8)
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- ti RS

066360, @51360(3 "2)350’)031)36‘3@00 933™IMdool LobMogby. 13IsbgMo svFMM3z0wos 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.
2396m53L9d0L Y00 FgMBgMos Logbswrol FodbodoErMmsE bBHIdOWXIMHO doMgdol mbol s
90b0dserMo BPL-0l gomgscolfjobgdoom.

A9bGHOL OML MBOW39WYMBR0w0s ICPLE 5BMIZ3900 s Mbs 0gmb om35w0ob{iobgdmwo ©sds@gdomo
9009350™d0L EMbg 5-15dB7, Msms 3m3396LoMEIL Logbswol dowgzs 53EHMIMdOEOL Loermbdo.

3.2. 856G3Gm®O

33930l BoGRgddo 993995390 0s M3EH0ToIMH0 ,M503-GILGHOL” FoMIOGME0, GMIgEoE BoMo3L
00MMYMN0  M39M5GHMM0L Jugeol >70%. 9sGIOMGHO dmoEegl Lods®mzggurml dlbgow Joodgdls s

31603035¢00@93H9g00L MA@ gl bofowl, slsgzg Moy LeRWIGOLS s Bbs 30MgE ILIBEGdIME 34964E9ob.
I 33935 3Bo©Yds Ibs9gdol, Joesdqgdol s §399bol FMowdo.

3.3. 3mb5399900L 565¢obo

33193580 dmyz5600 45HMB3900L ©3)dsgzgds M BMmblzguymzowos Rohde&Schwarz Network Problems
Analyzer 36HmyM53o »bOOHMB3gYmzBom. 30593039008 ©s OsM3900L bsfowro spqdmwos Maplnfo,
Microsoft Excel cos MathLab 36mg@Msdwgaro «bmbzgumrymgoom.

* GPS (Global Positioning System) - 3@®d5¢0¥M0 30Do30mboMJdOL Lol#gds.

> BPL (Building Penetration Loss, dB) — 30¢093500Md5, ®mIgenbsg 39603006 Moom Logbswro d9bmdsdo dgmfiggolsb.
 iCPL, CPL (in-Car Penetration Loss, dB) — 80¢93500md5, ®mIgebog 296030l GHo@om Loabswo s3¢mdmdowol
Loermbdo 9gmfigzoLab.
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4. 8393.3156015 36)00966560

4.1. bdmgzs60 359mdsbgdol dmALabMM9dS

o

O
: o
O

290M3980 (oMImgdl 9aMgom mgdwo ,,53sbxMOL" 3600b3030m, Looa FobloBLIOMW0s oMol MM,
357)Bol MM s M99696 5300l 39M0MEO (56 Fo00 3Mm3d0bs3E0s). obowgm bggbsto:

o DBsM0 bmM 309905 03539 M3gMHOEGHMMOL Jugerdo Bs®0¥E dMmdOME GgMHdobowby;
o DBIMOL BbX M - 90 90, MHMIgero 99ygds:

Bocob Hodmfygds - 20 odo;

bdm3560 B0 - 90 Fodl godm3gdMEo BoMOL Hodmfiygdol bobyMdwogzmds;
35BS oMol ImMob - 5 ffodo.

3030l 396dgmM9gds.

259mggb9gd)e0s M530LwRseo Mgx0do GSM, WCDMA 56 LTE ¢gdbmemyoqdl dmemol.

Voice Calls

b3m3560 259mdsbgdols gnsLgdolsl 0BMIgds s BoliYds B98I0 JOMOMIO 3561539 MO:

! e Failed Calls — b036mwo 8603369 mds: < 4%8;
' ¢ Good Call - 0360 360d36gwmds: >= 96%;
e (Call Setup Time - 630wo 36093690 mds: <= 10{3.

Failed Calls: §o6v90539gds@ 256bm®mE0gwgdmmo bo@gdol (Failed Calls) 36Hm3gb@wyaro 9s639690900:
| 9902905 999Y39¢0w0 BsMgdols 96 IMALobyMmgdol 6 sMBYGOIMOOLLD. (Call Canceled) - GmqLss
: 96M30bscnols JogM 0bo300939e0 bdm3zsbo godmdsbgds 396 bmM309wgds. dmALobwMmgdol 56 sOlGdMdS
(No Service) - ©m@gbsg ©9994s09ds 396 bgMbgds Lo@ e gRMmbm ImaLobwyMmgdol 56 sOLYIMOOL QodMm.

Good Call: {oM3539des© gobbmME0gwgdo Boscmgdol (Good Call) 3Gmagbdwwo  dsB3969dgwo -

| MHmOLSE IMBOWMHO 3HYMT0bo s3Bogbol Fglisdsdol mmbmgbsl Jugewrdo, Gol 999gyo3 bMME0IYdS

Juogol doge Mglm@LYdOL godmygmas, LEdMEMM S0MbI6EHOL FHYMT0bIW ™D 353006MH0L AYsMYdS o,

239BLsBEZOHMo POHMOL 8939, 39380M0L 3MgdEweo T9Hy39Gs.

Call Setup Time: 353306H0L 5345900l M (Call Setup Time, {o99030), O™ OHMIG0E 2900L 5dMBI6EOL
B0IH0L 5360958306 MIsEm© bdm3zs60 35380600l sTYsMINOdSAY.

8 Nochiri.Ifeoma.U, C.C Osuagwu, K.C. Okafor, Empirical Analysis on the GSM Network KPls Using Real- Time Methodology for a
Novel Network Integration, Progress In Science and Engineering Research Journal, 3396

rehiiied
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4.2, 805350075 35053980 BeaBlsbed

dmb5390m 450053930l dALsbYYMHgdOL FgsLgdols JoBbom, Mmommgmeo bglos 89agds Lbgsslbgs Labol
535009090056, Imbsgdms BoGz0mMmm3z0L Lobds®ol qlogsligders LsFoMms, dmbal godloMgdwyero
Bmdob gsools byMH3zgeHHg 5BH30MM35/bsdmMmE306M™M3s (ETSI TR 102 678-1 (193mdgbs309):

e 300536905 Mm396M5BHMM0L Jugwmsb, bLglool obLBs s 3MBEYJLEGOL sgBH035:30s (Attach);

e ICMP Ping - 10 {590 bgboolsmgol, mommgmao 3060l Good-sm@o 2 §d, 1000 dF. Ping-l dmGol
e HTTP Bs®gommgs (Kepler reference WEB g396c0 ETSI TR 102 505 V1.2.1)

e HTTP DL (HTTP 36:m@m3meoom bg3g6mHosb Bsdm@zommas, 25 {odol g96353¢mdsdo)

e FTP UL (FTP 36Hm@G™m3meom bgem396Hg oG3060m3s, 60 fodol g060s3wmdsdo)
! e Lgbool sbw®gs.

e  JdmEol O™ 5 fsdo.

9bs399ms goa3gdol Ggz3900Ll 0HBMIYds 98GO 3565dg3HYd0:

e ICMP (Ping) - 3060205, ®mqqLog <=90 af).
e HTTP (Downlink Speed) - dob0dscom@o: >= 0.2 3do@/(0; 3otyo: >=5.5 ddo@/fa.
e FTP (Uplink Speed) - d0b00s¢rw®o: >= 0.2 3d0@/{jd; 3o06p0: >= 5.5 3do@/{;0.

4.3. GSM Jlgeol Esxs®30L dsbalosmgdegdo

MmO 3 360100, GSM 3md0Mo 3HgMdobserol LEsdoww®o 8smdobsmzgol bszds®obos -92 dBm?
| 900900l ©mbg (RxLev), Boa6od 8bHg39emdsdo Mbs 0dbsl Bogdmwo 5©sdosbol Lbgmwoo s

8996md580/53¢MIMdOI0 890figgoLal™® gsdmfigzgmeo Logbswol sbs3s6agd0, s gb 3sB3969degd0 sfig3L
-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 40Bmdowwo GSM Logbsgrol 3oFmemo Loawcosb dowgdrmo bogabscrol mby
RxLev, ®m39eog 30JboMgds 2sbmdzol 306309« §96OEHowdo s §o0dmaoyqbl borgzgomglie Logbowls
9399990 M35:300L5M30L. J96o: > -80; (370 <= -92 ©dJ.

! : 390059¢9bols s 0 00l BoMOMOS . o dbo 0 >= .
! C/T: 2500503 960bs s 06@ 90539096300l Botmds C/112. BrghHvyeo 360dzbgwrmd 1813 cod

% CEPT-0b 6939965305, ECC REPORT 118, p. 6: RxLev >= -92 dBm [RxLev >= 18 (dox 900l dobgwgom)].

10 ETSI GSM recommendation 03.30: BPL M0 15-18 dB-ob dlbgow @sbsbangdemen 34964¢30 s 10 dB-ob Goombgddo.
§0bs0gdsMg 33093580, Rohde&Schwartz-ol ©930m39b©s305D9 oyMbmdom, 359mygbgdmwos BPL=12 dB.

11.92 dBm+12dB = - 80 dBm.

12 Carrier to Interference ratio

13 Jérg Eberspéacher, Hans-J6rg Végel, Christian Bettstetter, Christian Hartmann, GSM — Architecture, Protocols and Services,
2009, 33960 26.
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4.4. UM:I' dbg&)@bbﬁ){gob Asbsli0s09d¢gdo

OmamO3 36Mmd0eos, UMTS (CAT 3)1 9mdowrw®mo ¢9gMdobserol bidsdowrw®mo d«gdsmdolsmgols Lozdsmolos -
95 dBm™ 3009d0L ©mbg (RSCP), BsgMsd dbge3gwmdsdo mbms 0465L 5090990 5¢s80560L Lbgrymom ©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)'.

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
| Lo H36Y. 29BLEBOZOos UMTS ¢9dbmemyools Jugerdo. 3960: > -85; 3o < -95 ©dd.

Ec/To: boabsg/0bEg0agm9bzool odmds Ec/lo. 3o6yo: > -6.3'7 ©d; 32900 < -15 ©d.

4.5. LTE Jugeol sgs®zgol dsboslosmgdegdo

LTE Jugedo 0Bmdgds s Bolgds MHMamM3 J0M0MOEO, 15939 Lb3s ©odsE 90000 356589EMgds:

e RSRP - 356p0: > -1000003%; (371000 < -108¢0d3.
e RSRQ - 35690: > -9000; 39900 < -120d. ,

e SINR - 3560: > = 10000; 399000 < 5009d.
e CN - 3960: < = 10; 300 > 10 (06x3mGds30v00, 990056MH5d0m0)
e Cell Throughput per TTI (0630635300, 890056093000)

| ¢ Maximum and Average Cell Throughput (0bgm®ds30meo, 9900560 5d0m0)

RSRP: 69539609630 bogbserol dowgdremo boddwsgdy. (RSRP - Reference Signal Received Power).
350539BHM0, OHMIgo3 498tm094qbgds Loabswols Mbob yolsbmds

RSRQ: ®3839096&wa0 Logbserols domgdol bsGolbo (RSRQ - Reference Signal Received Quality). 356599360,
! MIgog §om8moygbl Logbsw/0b@ghagMgbiool BsGEMBOL  Lsbmd JOHmgMWwL s bLIBEOIMHZL
: Loabaogols badolbl

14 Category 3 - 89-3 35¢)93O00L FOHT0BIWO. PHOMNMIMNEO 35EJRMM0S FBLIBEZHZL BOWMIGO G9OHFoBsE ol
003dBMB05OMBOL MBYL, A50s(39d0L JoglodoErwE Lo sgzMgL, 535 M) 00 IMALIHHYMYGOOLMZOL 530 gdIE
306md70L s Lbgs.

> ADVANCEDCELLULAR NETWORK PLANNING AND OPTIMISATION, Ajay R Mishra

16 HSPA Performance and Evolution, A Practical Perspective. Pablo Tapia, Jun Liu, Yasmin Karimli, Martin J. Feuerstein
7'D. Fox, Testing UMTS, 2008, 93900 117
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SINR: boég@éﬁ.és'(66‘;»(;6636)9336)36(3001)0 @5 bdsmEsb (SINR - Signal to Interference and Noise Ratio).
356599300, MMIgog HoMmdmoybl dmEgdmwo Logbswwol Loddwsgzmol BoMmEMIL 0bEHIORIOI6E00L
L0ddE53MOL (Fo®ImM0ddbgds Lb3s LogbsgdOLsgsb) s SOHT0 sMLYdMEO BTsMOL LOTIESZMHOL K 5Tb.

MIMO usage: MIMO-U ¢9dbmemyools 258mggbgds 8mdowr®Ho m3gmo@m®molb Jugado (3GmE9b@Mws).

CQIL: 56bob botolbol 0bogzs@mmo CQI (Channel Quality Indicator), sGbols bsGobbmd®ozo 9563969090,
OHMIoms3 39boLsBL3MYds 3538060l botolbo.

CN: 3oMmdoomo Mogbgo CN (Condition Number), ®mdgwog o0dergzs 0m3wg3500006 06035300l

Logboer/bgerdgdwol GoME™dol Jglobgd o3 9930w gdgwos  0bRMOTs300L  S®EYgbolsmzols MIMO
390539905l ImEgdME MLsgbm OB, 569 ABLIBOZMIZL M) MEYBs Fgmdwros MIMO bolb@gdsls
i 239BsbmM30geml LogMH oMo IMEE03gJuoM9gds dmEgdMeEo Lobsw/bgrdgdeol BoMmEMBOLSMZO0L.

Cell Throughput per TTIL: 303900L 259&MHBsM06Mds o390l MMOL 0bEgM3sedo (Cell Throughput
per Transmission Time Interval (TTI)). 5&o69dL LsobGZMOTs30m boLOSMU.

Maximum and Average Cell Throughput: 303700l 85dl0ds¢IMo s Bsdoem  259E9MMBIM0DbMDS

(Maximum and Average Cell Throughput). 5&s6g0L Lsobgm®MIs30m boliosmb.
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