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1. 8gbsgsqmo

9690080 8MIBYOME0s 3099603530900l 3MBoLOOL  935GMEHOL  L3gdGHmoLy s BYdbmermaool
©9356599bGHol doge, 9690000 dmoisgl ,Ms03 GHLEOL” 068MmMToE0sL s dobo doBsbos  Jmgwo
L5JoMM39w ML FoLTEHd0M FMdOEYMHO FMALIHLIMYMIGOOL bo@olbol 331935 s Imbo@EmMobyo.

abo3Lo 33193900 93MM30L »dgBHgb J399bgdT8o BHoMYds s dolo BoBsbos dMmdoMEGo dmALEbYIMYdOL
05D XBLOMO  3Mmb3IMMIBEO0L A9d0gMgds, BmMALbmMgdgdOL BoMOLBOL FoBOEIL ©s 3353doMol
9003 M5@MdOL M Heb3gwymns.

3696080  sbobogl ImdowMo  Jugargdol Jgx3sligdol olgod  Fsbsliosmgdgul, GMyMGmgdoEss Jugwol
©OBIOZ0L  JgMAMOGOE0  50Mgowo, 006G ORIOBEool  ©mby, BoFob  FoFoBg  Aosbigarol
3M69JAHM@mds, A5BbMME30gEgdMmo DoMgdol bGHsGHOLEH0ZS s BbZs. LoghmsdmMolm 3ModEHozol s
93009605(30900L Jobg30m, MOMMYMEOLIMZ0L FobLsBPIGME0s Tgbsdsdolbo KPIs (Key Performance
Indicators), ®mIwgd03 3obs30MHMdGd96 FoMTsmdOL doMoms FobolosmMYdEgdL. Sg3g, FIbLIBLIGME0s
Jugeol B9bdizombo®mgdol bbgs 860d3bgermgzgsbo 3569893®gd0 (3bMHowgddo s0bodbwmwos, Gmymes
06830m6H35301900), H®MBgd03 BYyegegbsl sbgbgb gofgmewro dmalsbmMmgdgdol bomolbby.
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2. 4399 Jotomngro

2.1. 356360 - 730 39.

dmbo@GmMoba ol 39M0mEo: Mgdgezswo, 2021.
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Tamarissi
madsfnln

A G Baidari
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i Boyik Kasik
: .mmaao‘m 1{ [

ﬁf ¥ Shahum an

) a.swgdn.sSn .

. Y240 ‘.-.’f
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y o Egigy el N T
gl | Yuxari Salahli
orelowka - Aslanbayli
Fommags 4 ._,/-’ ;
ey & Upuu :
sale .t N - ] ',;1"-
2.2. Voice Calls - bdmgsbo bstrgdo (GSM, UMTS)
‘ Good Calls bo36mwo 360d36gmmds: 96.00%
3530003mdo bogrdbg®o 30mbo LogsGmzggem
97.1% 93.8% 87.8%
Failed Calls b03Mo 960d369wmds: 4.0%
0530003mdo boerdbg®o 30mbo LagsGmzgem
2.9% 6.2% 12.2%
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600
500
400
300
200
100
0
050330 Lbogdbg@o 30060 bogdsGmgganm
B No Service 9 21 54
M Call Cancelled 5 9 8
H Good 461 457 447
B Good MCall Cancelled M No Service
Call Setup Time (s) B30 3609369 mds: 10s ‘
35300300 boengdbg@®o ‘ 30b0 bsgdoGmzgum
<10 87.85% 69.15% | 7.83% |
10-15 11.71% 26.04% 89.49%
>15 0.43% 4.81% 2.68%

2.3. 8mbs3g00ms 35053900l ImALSbMEMGds (LTE)

‘ ICMP Ping average (ms) BegHrieo 3509g69@mds (<= 8o@ofsdo): 90
0530003md0 bodbg®o 30mbo LagsGmzgem
28 36 122
30060 Logdo®mnggumm 122

oceiioco I s

0 20 40 60 80 100 120
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Ping-ob o353 gdmo (30900l 3OHMEgbGmwo dsh39b9dgwo

30mbo LadoGmggam 74.9%

HTTP Average Data Rate (3d0¢/{jd) BugHryeo 8608369wmds: 5.5
0530030 Loandbg@o 30mbo LagsGmzgerm
31.945 35.296 12.505

HTTP 3603 ™300 3500l 4503mfgoH0obsl sgodlo®gdwyeo Lsdwswm Lohdstg (3d0@/f0)

30mb60 LadsGmggem 12.505

oo | 255

0 5 10 15 20 25 30 35 40

Kepler-ob 23900l Bs3m@300m30L @OML ox30JL0MYIVIE0 bydwyserm bobdstg (3d0E/(0)

30060 Lodo®mngguwm 0.868

e

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
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HTTP 36003300000 30356:030L5L Fo6r8539dmwo (3009006 3Om39bGmwo dsh3969d9wo

30mB60 Lodo®mggem 46%

FTP Average Data Rate (3d0¢/$jd) BogHreo 8608369wmds: 5.5
0ogm03mdo Loandbg@o 30mbo LogsGmzggem
17.016 17.183 6.979

FTP 360G ™300 3500l 5¢3060m30bsl ox0gdloMgdmeo Lsdwswm LoBJs®y (3d0@/(a)

30mB0 Lads®mggem 6.979

oo I .53

0 2 4 6 8 10 12 14 16 18 20

FTP 36m@™3meom 30356:0030b5L Fo®do@ 900 30900L 36h:m39bE o 3563969090

30mB0 Logds®mgganem 62.7%
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2.4. GSM &9dbmema0sbg 0mdmadsgg Jugergdo

| RX_LEV (dbm) 3o6p0: -80dbm 3o0: -92dbm
0o303mdo bogrdbg®o 30mbo LagsGmzgem
<=-96dbm 0.1% 1.0% 0.8%
<=-92dbm 0.0% 0.4% 0.8%
<=-80dbm 1.2% 2.3% 7.2%
<=-56dbm 53.5% 52.4% 65.8%
<= -40dbm 41.0% 39.7% 23.5%
>-40dbm 4.3% 4.3% 2.0%
100.0% 98.8% 96.4% 91.3%
80.0%
60.0%
40.0%
20.0%
7.2%
0.1% 1.4% 1.6% 1.2%  2.3% &
0.0% — S—
(3990 Lodmoem 3900

B dspo3mdo  BlLowdbg@o 30060 Lodo®mnggum

2 (0.1%)
0 (0.0%)
36 (1.2%)
1673 (53.5 %)
1282 (41.0%)
134 (4.3 %)

b

RX_LEV, ds300030d0
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(1.0 %)
12 (0.4%)
74 (2.3%)
1680 (52.4 %)
1273 (39.7 %)
137 (4.3%)

24 (0.8%)
26 (0.8%)
29 (7.2%)

2101 (65.8 %)
751  (23.5%)
63 (2.0%)

Velispir
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The chart below shows the cumulative distribution of the Topl Coverage samples of different operators
100 = -8 @
90
80
70
60
50
40
% M Silknet (282; 1)
20 M Veon (282;4)
10 \E Magti GSM Ltd. (282; 2)|
0 >=-75 dBm >=-85 dBm >=-95 dBm >=-105 dBm all
| c/1 (db) b3OHmmo 360936gqmds:  18db
05300030 Loandbg@o 30mb0 Ladstmgzgam
<=8 db 1.4% 0.9% 1.8%
<=14db 4.5% 2.7% 5.7%
<=18db 5.6% 4.4% 5.5%
<=24db 16.9% 13.1% 14.5%
<=32db 52.2% 52.1% 57.7%
>32db 19.3% 26.7% 14.7%
100.0% 91.9%
88.4% %
90.0% 86.9%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0% o,
10.0% _ 8.0%
000 B ==
GIXo 395630
B dspgomogmdo  BLowdbg@o 30060 bogdsOmnggam
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(1.4 %)
<=14dB 141 (4.5%)
<=18dB 174 (5.6 %)
<=24dB 529 (16.9 %)
<=32dB 1630 (52.2%)
better 602 (19.3 %)

<=8dB 28  (0.9%)
<=14dB 88 (2.7 %)

<=18dB 142 (4.4 %)
<=24dB 421 (13.1%)
<=32dB 1669 (52.1%)

better 856 (26.7 %)

C/1, bogrdbg@o
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(1.8 %)
<=14dB 182 (5.7 %)
<=18dB 176 (5.5%)
<=24dB 462 (14.5 %)
<=32dB 1840 (57.7 %)

better 469 (14.7 %)

C/1, 3ombo Logotromnggerm

2.5. UMTS ¢9dbmmyosbg 8cm8m8sgg Jugergdo

| RSCP (dbm) 356p0: -85dbm 3o0: -95dbm
05300030 boerdbg®o 30mbo LagsGmzgem
<=-100dbm 0.3% 1.0% 9.1%
<=-95dbm 0.2% 0.8% 6.9%
<=-85dbm 2.4% 4.2% 23.4%
<=-75dbm 13.8% 18.6% 33.8%
<=-60dbm 55.9% 53.7% 24.3%
>-60dbm 27.5% 21.8% 2.4%
100.0% 97.2% 94.1%
80.0%
60.5%
60.0%
40.0%
) 23.4%
20.0% 16.0%
05% 1.8% 24%  42%

0.0%

(39900 Lodwgoamem 39020

B dopmozmdo  BLowdbg@o 30060 LogdoMmnggenm
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. <=-100dBm 8

<=-95dBm 6
<=-85dBm 74
<=-75dBm 427
<= -60 dBm

better 853

RSCP, dsamozmdo

30

<=-95dBm 24

<=-85dBm 132
<=-75dBm 586
<=-60dBm 1695

better 687

RSCP, bodbgo
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1733

(0.3 %)
(0.2 %)
(2.4 %)
(13.8 %)
(55.9 %)
(27.5 %)

(1.0 %)
(0.8 %)
(4.2 %)
(18.6 %)
(53.7 %)
(21.8 %)
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(9.1 %)
<=-95dBm 207 (6.9 %)
<=-85dBm 698 (23.4 %)
<=-75dBm 1009 (33.8 %)
<=-60dBm 724 (24.3 %)
better 73 (2.4%)

RSCP, gombo bogstmggarm
The chart below shows the cumulative distribution of the Topl Coverage samples of different operators
100 ®
a0
80
70
60
50
40
. ' Silknet (282 1)
20 'l Veon (282; 4)
10 :. Magti GSM Ltd. (282; 2)|
0 >=-75 dBm >=-85 dBm >=-95 dBm >=-105 dBm all
| Ec/lo (db) 396a0: -10db 3uo0: -15db
05300030 Lboedbg@o 30060 LadsGmggamm
<=-25db 0.3% 0.0% 0.1%
<=-20db 1.2% 0.8% 1.3%
<=-15db 3.9% 3.5% 3.3%
<=-10db 15.8% 16.2% 17.6%
<=-6.3db 39.5% 34.5% 34.5%
>-6.3db 39.4% 45.0% 43.3%




339603530900L 3m3oboo

100.0%
78.9% 79.5% 77.8%

80.0%
60.0%

40.0%

% 17.6%
20.0% 15.8% 16.2% o

54%  43% 4.7% . .
0.0% I

39O Bo8w9o¢0m 35620

W dspmo3mdo  EMLowdbg®o 30060 Lodo®mzgwm

<=-25dB 9
<=-20dB 37

<=-15dB 120
<=-10dB 489
<=-6.3dB 1224

better 1222

Ec/Io, 35300030380
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(0.3 %)
(1.2 %)
(3.9 %)
(15.8 %)
(39.5 %)
(39.4 %)
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(0.0 %)
<=-20dB 24  (0.8%)
<=-15dB 111 (3.5%)
<=-10dB 511 (16.2 %)
<=-6.3dB 1089 (34.5%)
better 1418 (45.0 %)

Ec/lIo, Logrdbg@o

<=-25dB 4  (0.1%)
<=-20dB 39 (1.3%)

<=-15dB 97 (3.3 %)

<=-10dB 524 (17.6%)
<=-6.3dB 1029 (34.5%)
better 1291 (43.3 %)

Ec/Io, 3ombo bodsGmggerm
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2.6. LTE ¢9dbmemmyosbg 0mdmdsgg Jugegdo

RSRP (db) 35690  -100dbm 32900: | -108dbm
05300330 Loandbg@o 30mb60 LadsGmggem
<=-115 dbm 0.1% 3.8% 0.2%
<=-108 dbm 0.0% 5.2% 1.4%
<=-100 dbm 0.2% 7.8% 4.1%
<=-90 dbm 4.3% 20.1% 9.8%
<=-60 dbm 91.5% 60.7% 80.7%
> 60 dbm 4.0% 2.5% 3.8%
100.0% 99.8% 94.3%
83.3%
80.0%
60.0%
40.0%
20.0% 9.0% 7.8% .
01% g 16% 0.2% 41%
0.0%
(39900 Lodwgsemm 3960

B dopgmozmdo  BlLowdbg@o 30060 LagdoMmnggum

<=-115dBm 1 (0.1 %)

<=-108dBm 0 (0.0 %)
<=-100dBm 2 (0.2 %)
<=-90dBm 55 (4.3 %)
<=-60dBm 1169 (91.5%)
better 51 (4.0%)

Velispiri

RSRP, ds3m03m3do
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<= -115 dBm
<= -108 dBm
<= -100 dBm
<= -90 dBm
<= -60 dBm

better

T
p

Velispiri

<=-115dBm 2
<=-108 dBm

<= -100 dBm
<= -90 dBm
<= -60 dBm

better

LA

RSRP, 3ombo bsgo@romngzgwrm
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18
51
123
1011
48

(3.8 %)
65 (5.2%)
(7.8 %)
(20.1 %)

(60.7 %)

98
251
759

31 (25%)

(0.2 %)
(1.4 %)
(4.1 %)
(9.8 %)
(80.7 %)
(3.8 %)
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The chart below shows the cumulative distribution of the Topl Coverage samples (RSRP) of different operators based on narrowband values
100 — ___;;;)
90 —
80
70
60
50
40 ) | Silknet (282; 1)
30 W Veon (282; 4)
20 I Silknet* (282; 8)
|1 Magti GSM Ltd. (282; 2)
10 .
0 e L
>=-75 dBm >=-85 dBm >=-95 dBm >=-105 dBm all
| RSRQ (db) Joto: -12db go:  -15db
0530003Mmd0 bogrdbg®o 30mb0 LadsGmggwm
<=-20db 0.4% 2.8% 2.2%
<=-15db 16.1% 23.8% 25.3%
<=-12db 34.8% 32.7% 40.1%
<=-9db 27.6% 18.5% 20.6%
<=-5db 20.7% 21.1% 11.8%
>-5db 0.4% 1.1% 0.0%
100.0%
80.0%
60.0% 48.7%
40.1% 40.7%
o 34.8% % %
40.0% 66% 27.5% 32.7% 32.4%
T
(39900 Lodogsanem 39020
B dsymogmdo  EMlbowdbg®o 30060 LogdoMmnggem
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«=-20dB 5 (0.4 %)
<=-15dB 206 (16.1%)
<=-12dB 445 (34.8 %)
<=-9dB 353 (27.6%)
<=-5dB 264 (20.7 %)
better 5 (0.4 %)

<=-20dB 35 (2.8%)
<=-15dB 298 (23.8%)
<=-12dB 409 (32.7%)

<=-9dB 231 (18.5%)
<=-5dB 264 (21.1%)
better 14 (1.1 %)

Ly

RSRQ, boendbg@o
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(2.2 %)

<=-15dB 317 (25.3 %)
<=-12dB 502 (40.1%)
<=-9dB 258 (20.6%)
<=-5dB 148 (11.8 %)
better 0 (0.0 %)

RSRQ, gombo Logdseromngganm

The chart below shows the cumulative distribution of the Topl Interference samples (RSRQ) of different operators based on narrowband values

100 ; ———

90

80

70

60

50

40

30 | Silknet (282; 1)

W Veon (282;4)
20 I Silknet* (282; 8)
10 | Magti GSM Ltd. (282;2)
0 >=vds =3 s=Ybas >=-15dB >=204B al
| SINR (db) 3oMao: 5db gmo: 0db
0530003md0 Loandbg@o 30mbo LagsGmzgerm

<=-10db 0.2% 1.2% 0.4%

<=0db 6.1% 13.7% 17.6%

<=5db 15.6% 17.1% 21.0%

<=10db 30.3% 20.1% 25.4%

<=15db 23.8% 19.3% 20.2%

>15db 24.0% 28.5% 15.5%
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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%

6.3%

Velispiri

14.9%

GIXo

18.0%

B 353000330
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78.1%

21.0%
15.6% 17.1% &
Lodwgsanem

B lowdbg@o 30060 bogdsmggam

SINR, 350330

67.9%

61.1%

39020

<=-10 dB
<=0dB
<=5dB
<=10dB
<=15dB

better

78

199
387
304
307

(0.2 %)
(6.1 %)

(15.6 %)
(30.3 %)
(23.8 %)
(24.0 %)
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<=-10dB 15 (1.2 %)

<=0dB 172 (13.7%)
<=5dB 214 (17.1%)
<=10dB 252 (20.1%)
<=15dB 241 (19.3%)
better 357 (28.5 %)

<=-10dB 5 (0.4 %)
<=0dB 220 (17.6%)
<=5dB 263 (21.0%)
<=10dB 318 (25.4%)
<=15dB 253 (20.2%)

better 194 (15.5 %)

SINR, 3ombo bogdotromnggarm
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The chart below shows the cumulative distribution of the Top1 Interference samples (SINR) of different operators based on narrowband values
100 {5 ————
90 ’
80
70
60
50
40
30
20
10
0

L

| Silknet (282; 1)

W Veon (282;4)

I Silknet* (282; 8)

|| Magti GSM Ltd. (282; 2)

>=3ds >=2048 >=10d8 >=0d8 >=10d8 2l

Scanner Condition Number (CN)

The chart below shows the cumulative distribution of Scanner Condition Number of different operators
100
90
80
70
60
50
40
30
20
10

10 Silknet (282; 1)

M Veon (282; 4)

I Silknet* (282; 8)

|| Magti GSM Ltd. (282; 2)

0 <5 <10 <15 <20 <25 <30 all

Cell Throughput per TTI (MBit/s)

100% -

90%]--.----

80% -

70% | -

60%

50% |

40% -

30% -

20% -

10% -

0% 105,130

[0:15[ | [15:30[ | [30:45[ | [45:60[ | [60;75[  [75:90[ | [90;105] || : >=130

B boedBgyo 17834 | 2582 | 1378 | 1382 513 314 253 362 1231
q0mBo bagsmggeem| 30297 | 9179 | 3958 | 2567 | 1871 | 1017 746 800 182
B boendBgEo” 4762 | 1778 | 1035 468 234 121 181 229 260
B 35300030230 33553 | 14335 | 7187 | 3978 | 2273 | 1493 | 1308 | 1793 | 2792
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Maximum and Average Cell Throughput (Mbit/s)

100.0
86.9
900 81.2
80.0 74.1
0.0 66.9
60.0
50.0
40.0
30.0 : '
18.7 203
20.0
10‘0 -
0.0

Lodogoanem 35gJlodse @0

B dsymozmdo  EMLowdbgdo 300b0 LodoOmggerem  MLogdbg@o”
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3. »0503-GguGHoL" IgmMEMEIMY0s

aboMmodo gx3dbgds dgmmel, MMIGEOE 953MMBOMIIM0s 93Mm3ol J399bgddo (oo dMo@sbgmol,
06052, 3000Mmbgmo® s bbgs) s 0m35¢olfobgdl BHaLEOL ho@sMmgdsl Mmamma dbbgow Jsersdgddo
5 Moombmm  396@®9dd0, SLg3g Fgotgdom I30MgE ILIBWGdIM 364BHgddo s Lmgwgddo,
1553GMIMBOEIM o0bEHMIEgdOL AoLH3M0Z s Lbgs.

Wiy | ————————

iy AT
i
BN ——

| "11."..t /@ R

3.1. 358mygbgdEo 535M5ETIMS
L6500 2 sbobogls ,,M503-GBEHOL” MM godmygbgdwo 535M5EwMOL BaMm3zol biggdsls:

o 533MIMBOWO  S0FYMHZ0W0s: 3MI30EHIO0m, OHMIWOMSE 0TsOMYOS oBMIZ900, TMdOEIMGOO
A9m30bsengdo s UB3sbgMo; 3 ghmgmwo ImdowrHo  GHgmdobsgroo Samsung Galaxy 5S4,
bmME0gwgd9b BoMol Fo9mfygdsl mommgmEo Mm3gMs@Gmeol dmdowwy® Jugwdo; 3 gOmgEo
dmdoMo Egmdobsgroom Sony Xperia XZ1, GmIwgdog sbmM309wqdgb dmbszgdms gowo3g00L
AILGHMJOL oMM o Mm3GOHIGHMOHOL Jmdowe Jugedo; 1396gM0 Rohde&Schwarz TSMW-om
b6 E09wgds GSM/UMTS/LTE ¢9dbmemyogdol b3sbomgds. b3sbgdl oohbos 2 sdmmzowgdgwo

1 UK, OffCom - 8569321060980, MHmBgaeog sGdMgdl gmggefion® ,Me03-GgbEOL” 308356006 Mm3gMa@m®gdols
13996d30mboMmgdol bamolbmdMmog0 dsh39698gdol bl JoBboo.

2Treland, ComReg - 5693900630900, 9LEOL 80BbL Fomdmowygbl ba®olbmd®mogo dsB3069dw9d0l o©ygbs.

3 Poland, UKE - 8569399¢069890, 3963696 mmo Ggb@o®gds. Ggb@ob 80Bsbl Fo®dmampgbl bs®olbmd®mogo @

399603960 3oB39690qdol  soygbs, bmerm  dggaqdol  asdmg3ggbgds byl Mfgmdl  ImdLobuyMgdgdols
239999x% 3919l s XSBBOO 3MbIMGIBEFOOL sOLGIMBL 35380MA5BTMEMBOL dBIOI D,
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9bGH9bs, OMIgdoE 2obmoglgd s 93GHMIMdOEIOL LobmMegby. 139690 sSFMM30wos GPS*
0000900 8mfigmdoEmdom, Jolo sbEHJbs 296msgLdos 53EHMBMdOEOL LobMegby.

e 3m31603530900L 303000l gbmdsdo 4obmagligdyeos 3 dmdowMmo GHgMmdobsro Samsung Galaxy
S4. 50bodbmo  Bgemdobswmgdo gmbdaomboMgdgb dbmem@ DoMolb  BHgMIobsgool  Mgg0ddo.
2396m3Lgdol sowo FgMBgMw0s Logbseols dodlodswryMmo@ bEd0EwmO Jogdol mbols s
90b0dserm@o BPL3-0b gom3s¢robfjobgdoo.

AILGHOL POML YBOHMB3gEYgmTBoos ICPLS 45HM83900 @O MBS 094l Fom35¢obobgdeo ©sdsEHgdomo
90¢93500Md0L Mby 5-15dB7, MHoms 3md3gbloMmgl Logbsrol Jowrggzs 93¢MIMdOEIOL bygrmbdo.

3.2. 3:63GxEH0

330930L Bt gddo 899919539099005 Mm3E0ToMOHO ,M03-BJuGHOL FoOIOWEH0, OHMIJGEOE BIGO3L
0M0MMIIWO  M3JOSGHMMOL Jugerol >70%. FsGIOGHO dmoEegl LodoOmggermlb dbbgow Jowsdqgdl o

9603035003 9BH00L MFgEHgL bsfowl, slgzg Moy LemREIGOLS s by F30MHIE WOLLbEIGdWM 3mbJEgdL.
33935 3Bogds dbsMgdol, Joawsdgdol s J3gybol FHowdo.
3.3. 8mbs3gdgdol sbserobo

3393580 dmyzs60o gobmdzgdol ©sdmdsggds BMHb3zgerymgowos Rohde&Schwarz Network Problems
Analyzer 30Hma650vwo MHBOHMB39wYmzBom. 3Mex303900L S 0RMsdgdol boffoo s39dwos Maplnfo,
Microsoft Excel s MathLab 3606530 «Hbzgarymaoom.

* GPS (Global Positioning System) - 3emds¢)H0 30Dogombocgdol bol#gds.

> BPL (Building Penetration Loss, dB) — doqng3s@mds, Hmdganbsg 30b0o3mol Gsom Logbseo dgbmdsdo 9gmfigzolsl.

6 iCPL, CPL (in-Car Penetration Loss, dB) — d0g350mds, Gm3gembsg 3o60oamol Mo@om bogbsmo s3¢mmdogrols
Loenmbdo dgmfiggolsl.

7 Radio Interference System Planning for GSM/GPRS/UMTS, Jukka Lempiainen, Matti Manninen

© 13ggH®ob s Bgdbmemyool Y356 HTY6EO, 2021



3316035309000 3mdolos

4. 99935900L 3O0EHgMH0Mdgd0
4.1. bdmgs60 250mdsbgdols ImALsbygds

395DmM33900 FoMdmgdL 9aM9m §rmgdMwo ,5sbxMOL 3M063030m, Looa AoBLIBOZONE0s VGOl MM,
3599D0ol MM s M9gbgM5300L 39H0MPO (b oo 3MABOLS309). obowgm Lggbs®o:

o BM0 bmM 3090905 08539 Mm39M9G™OMOL Jugerdo bsMmv dmdoME® GghHdobseBy;
o BsMOL gobxsMs - 100 Hodo, HMIgeog 8gwagdes:
0 DML Fodmfiygdos - 15 §sdo;
0 bdmzs60 BoGro - 100 Hodl 259m3engdreo Dodol Hodmfiggool boby®derogmds;
0 35BS BomgdL Mol - 10 §sdo.
0 303wob 3s6d9mMgds.

2099094969005 9300 Mgx0do GSM, WCDMA 56 LTE ¢gdbmemyoqdl dmemob.

Voice Calls

bdm3ob0 259mdabgdol Ggx35L900Lols 0BMmdgds s BolEgds 9990 dOMOMSEO 356M53gEHMO:

e Failed Calls — b36weo 860936900mds: < 4%8;
e Good Call - bpgMwero 360936gcmds: >= 96%;
e (Call Setup Time - BE36wo 360d3bgemds: <= 5{a.

Failed Calls: {o6053qdmo 3obbmGEogmadmmo botmgdol (Failed Calls) 36m3gbdmeo 9s6396909w0:
3902905 99%Y39¢0w0o Bogdols 56 mALobm@gdol 96 MLYdMOOLLsD. (Call Canceled) - Hm@gLoa
A963065¢00l doge 0bogoMmgdwo bdmgsbo 458mdsbgds 390 bmME30gwgds. ImaLobwyHgdol 56 SOLYdIMDS
(No Service) - Mmgbog ©o99gsMgds 3960 bgmbgds Lo@gugrmbm dmalisbwyMHgdol 56 sSGHLYBMBOL dodm.

Good Call: §o®3oBHdo@ 2obbmME0gmgdwmo BsMgdol (Good Call) 3GmEabdmwo  3sB39b9dgwo -
HgbsE 8MmdOEIMO BgMdobseno s3Hegbol Gglsdsdol dmmbmgbsl Jugardo, ol 890gysE bmMEogegds
Jugeol 8oge MlELYOOL 250MYMRs, LodMEM™M 3MmbIBbEOL EgMHdobswrmsb 3538060l OTYsMYdS S,
20BLsBP3MMEo OH™OL 8999y, 3930060l 3mGMadEmeo 895Y39G)s.

Call Setup Time: 3038060l ©s3gsMgdoL M (Call Setup Time, §593090), O™ HGMIYEOG FoOL sdMBIBEOL
B™IMOL 53609530096 MBmsem© Bdmgzsbo 395380600l HTYsMHJdSTWY.

8 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
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4.2. 3mbs39005 25053900l JmdLsbmEmgds

9mbs39000 gos3gdol ImALabwEmgdols dgg3slgdol BoBbom, mommgmo bglos dgagds bbgswslbgs bobol
0535¢93900Lg9b. dMbs30ms BoG30MHmM30L LobJsmol Fglogsligders LsFoMmms, Bmbogl godloMmgdwwo
Dol Boool bLyMz96BY 5E300M35/RsdmEGH30Mmm3s (ETSI TR 102 678-1 ¢193m3gbs309):

e 3003536905 m39M5GMOHOL JugErmsb, Lgbool goblibs s 3MBEJLEHOL sd@03530s (Attach);

e ICMP Ping - 10 {590 bgboobsmgzgol, mommgmeo 30630L Good-srm@o 3 (d, 1000 3f. Ping-l dméol

o HTTP Bs@gommgs (Kepler reference WEB 33960 ETSI TR 102 505 V1.2.1, dmol o®m 30 {sdo)

e HTTP DL (HTTP Bsdm@GH300mm3s, 10 §odob 996053¢mdsdo, dmiool odmm 10 §sdo)

e FTP UL (FTP 36m@Hm3meoo 10 {80l 256053¢mdsdo bgzgmhBg s@go00mags, dmnaool @ﬁ)m 10 §s00)
e Uglool obw®as.

9mbs39000 2505(39d0L TgxsLgdoLLL OBMIYds 9990 356TYEJdO:

e ICMP (Ping) - 3963095, Gm@gLsg <=90 af.
e HTTP (Downlink Speed) - dobodsgrvy®o: >= 0.2 300@/)0; 3otyo: >=5.5 3do@/{jo.
e FTP (Uplink Speed) - 30600sqom®o: >= 0.2 3d0@/0; 300y0: >= 5.5 3003/{j0.

4 3 GSM dbOQ’Ob chgbﬁ)gol) abbbbomeBQ)gbo

ﬁ)mgm(ﬁg 3B™doos, GSM dImdowHo Ggmdobscrols b@)bbo@gjﬁ)o ng'abmbobbor)gob bb3606)0bob -92 dBm?®
000qd0ol ©mby (RxLev), dsgMsd dbg3zgermdsdo Mbs 0gbsl Bomgdwmwo s@sdosbol Lbbgmwoom s

996md580/53¢MBMmd0E o F9ufiggoLal!® gedmizgmaro Logabsaol sbs33MYd0, s g 5B3969dE9BO >3l
-80 dBm?! (RxLev).

GSM gbgerdo 0Bmdgds s BoLEJds MmMO JoM0MSEO 356539GM0, OHMAgEoE 3obLsbBIMgzL IRMZOL
Dmbsls s batobbl RxLev s C/I.

RxLev: U3s6g6ob ogh asbmdoo GSM Loabswol 130360 bsaHosd Jomgdmwo bogbswols mby
RxLev, ®m09wo3 30dbo6qds 39Bmdzol 3mb6309¢me fa®@&owdo s Fo®dmaygbl bor3goglbe bogbswnl
93999000 M3o300LIMZ0L. 396yo: > -80; (3v10 <= -92 ©dO.

C/T: 2500583 960bs s 06EHIOBIMHIb300L BoMmds C/112. BrgMmwo 360336gwmds: >= 1813 d.

° CEPT-0bs 9930396@s30s, ECC REPORT 118, p. 6: RxLev >= -92 dBm [RxLev >= 18 (doxgdol dobgogom)].

10 ETSI GSM recommendation 03.30: BPL ¢m0s 15-18 dB-ol dbbgow @sbobergdwye 3496480 s 10 dB-ob Goombgddo.
$0b659gdsMg 33093580, Rohde&Schwartz-ol ©93096@(305%9 ©oyMbMdOm, 358mygbgdyemos BPL=12 dB.

11.92 dBm+12dB = - 80 dBm.

12 Carrier to Interference ratio

13 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) 8mdow@o ¢gihdobsgrol bdsdowrvy®mo d9850m30bsm30L bs3dedolos -
95 dBm™ 300gdol mbg (RSCP), 8358 dby39e™md30 MbB@s 0gbsl 50gdm0o 5@s30560L bbgwmemom ©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)'e.

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. 3otyo: > -6.3'7 ©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: > -10000009'%; 3900 < -1080d0.

¢ RSRQ - 39690 > -9000; 30 < -12¢0d.

e SINR - 35690: > = 10000; 3900 < 5¢d.

e MIMO usage - 39690: > = 95%; 30 < 90%.

e CQI - 350y0: > =10 (64 QAM™); 300 < 7 (QPSK?) (063063530490, 9050900m0)
e CN-3500: < = 10; 390 > 10 (0630653090, 8905609d000)

e Cell Throughput per TTI (06gm®™ds30v)e00, 9900560gd0m0)

e Maximum and Average Cell Throughput (06gm®353099¢00, 3905MJd0mM0)

RSRP: 6H9539096@ o Logboeol domgdwao boddgag®y. (RSRP - Reference Signal Received Power).
356539300, HMIYEo3 3o9moyggbgds Logbswrol Mmbol AslabmBo

14 Category 3 - 39-3 35¢)93G00b GgOHT0BIWO. HOMMYYEO 35¢E)JMM0S FobLaB3M3L MdOIMGO GHMIoBsEw ol
336dbMB0sMMOOL EMBJL, 25053gd0L FogduodoEwE LoddEsgzMgLs, 535 0+) 08 FTLobLIMGOOLIMZOL 5430w dYEn
30600090l s bbgs.

1> 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, 93960 117

18 Ralf Kreher, Karsten Gaenger, LTE SIGNALING, TROUBLESHOOTING,AND OPTIMIZATION, a396o 230, 517

19 64 QAM - Quadrature Amplitude Modulation, 335@®s@MAIWO 5330EWIOIHO BMEMEIFOS

20 QPSK - Quadrature Phase Shift Keying, 335005¢m60vwmo 8m@ams3os gs%ba®o §obs afetes
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RSRQ: 953960960 Logbserols dowgdol bsGobbo (RSRQ - Reference Signal Received Quality). 350509 ®Mo0,
MHmdgeoi Homdmoagbl Logbsw/0bEHgmngmgbiool BsGEMdOL  Labmd gHmgMl s ABLIBOZMI3L
Logbogol baeolbls

SINR: bogbserol BsMMds 06GIORIMEE0LS s bdsw®mab (SINR - Signal to Interference and Noise Ratio).
356539300, MMIgeog Hodmoagbl dmgdmaero boabserol Loddwszmol GoMEMdL 0bEgMxgMgbzool
LOddWHz3MOL (HomBMogdbgds Lbgs Logbsrgdolsgsh) s sMHTo HMLGINEEO bdsrMHol LoBdEISZMOL X STMNSL.

MIMO wusage: MIMO-U $9dbmanmao0ol go0myggbgds 8mdowrr®o m3gho@m®mol Jugwdo (3G:m3gbdwas).

CQI: sGbol bstolbol 0bwogzs@m®o CQI (Channel Quality Indicator), s®bol bas@olbmdmogo dshz9bgdgero,
HMIWoms3 3oboLEBO3MIds 3938060l badolbo.

CN: 3o6mHmdomo Gogbgo CN (Condition Number), Gmdgwoi 0dwgzs 9m3eg3006 0b@o3zs3ost
Logboen/bgadgdcols GommdOl Tglisbgd o3 9930w gdIWos  0bxgm®mTs3ool swEyqbolbsmzol MIMO
29005(39d0Lal Im393Me Mbsgbem s®HA0, 96¢9 ABLIBOZMIZL vy Medgbo dgderos MIMO Lol@gdal
29b5bMM3090Mmb LogMEOMO 3w EH03w oM gds dm393mE0 Loybsw /by dgderol GsOMBdOLIMZOU.

Cell Throughput per TTT: 5303900l 2458@5M9bsM0s6MBs Yoa3900L MmMOL 0bEHgMzsedo (Cell Throughput
per Transmission Time Interval (TTI)). 5&s69dL LsobBMMTo0M boliosmb.

Maximum and Average Cell Throughput: 303900l dsduodsEIMo s LsBMOEIM 45T EHIMHMBIMHOBMBS
(Maximum and Average Cell Throughput). 5&s690b LsobBMmMTsoMm boliosm.
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