Planovanie mobilnych radiovych sieti

KIS FRI UNIZA

Vytvorené v ramci projektu KEGA 026 TUKE-4/2021



Agenda

= InStalacia programu
= \Vytvorenie podkladovej mapy s vyskovym profilom
= Konfiguracia bezdrbétovej mobilnej siete




Simulaény program Radio Mobile

= Radio Mobile je volne dostupny simulacny nastroj na simulovanie Sirenia mobilného signalu v teréne

= lan D. Brown, Roger Coudé
= “Radio Mobile is dedicated to Amateur Radio and humanitarian use. Although commercial use is not prohibited, the author
cannot be held responsible for its usage or the data it provides.

= Longley-Rice irregular terrain model pre frekvencny rozsah 20MHz - 20GHz

= https://en.wikipedia.org/wiki/Longley%E2%80%93Rice model#:~:text=The%20Longley%E2%80%93Rice%20model%20(LR,irr
eqular%?20terrain%20model%20(1TM).

InStalacia alebo overenie insStalacie:
= Prekopirovat adresar “Radio Mobile” z adresara “ZBT-SW” na disk C:\
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Irregular Terrain Model (ITM) Longley-Rice

= Model of radio propagation for frequencies between 20 MHz and 20 GHz
= named for Anita Longley & Phil Rice ; 1968

= predicts the median attenuation of a radio signal as a function of distance and the variability of the
signal in time and in space

= Signal propagation is influenced by:

Free space loss EIRP [W], atmospheric attenuation (typicallydepends on water vapour content of
the atmosphere)

Ground wave propagation (ground conductivity and permitivity). Diffraction around a smooth earth.
Ground reflections.

Effect of terrain (Terrain features, trees and buildings, usually attenuate signals).
Tropospheric refraction (ionosphere above reflects HF radio waves (3-30MHz) back to Earth)
lonospheric propagation (layer of conductive gas at heights between 70 and 400 km)
Diffraction over “knife edge” VHE. UHE pass

through lonosphere

lonosphers




Fresnel zones
= There are an infinite number of Fresnel zones, however, only the first 3 have any real effect on radio propagation (F1,
F2, F3). The size of the 3D ellipse is determined by the frequency of operation and the distance between the two sites.

The signal can go directly between transmitter and receiver (main signal). Signal can reflect off the ground and then
carry on to the distant receiver.

F1 zone is determined by the calculation so that the difference in path length between the main signal and a reflected
signal from the F1 radius distance is 180°. A reflected signal shifted by 180° of path distance plus 180° from the actual

reflection point totals 360° of phase shift. The 2 signals, main and reflected, arrive at the antenna 360° apart or in
phase. They will add together and not affect receiver performance.

Fresnel zone earth clearance — the clearance between Fresnel zone cylinder (its line of sight) and the earth. Optimal
clearance requires 60% or more of the first Fresnel zone (0.2F1)

= Note: Worst Fresnel 1F1 means earth or obstacle at the edge of Fresnel Zone (FZ Clearance /FZ Radius)
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Vytvorenie podkladovej topologickej mapy




Vytvorenie a ulozenie nového projektu

Radio Mobile
File Edit View Tools Options Window

Ny Radio Mobile [0 New Net initialization X
New networks I
pen networks Ctrl+0Q . Number of networks
4% Erase all data in memory for network ’
Save networks Ctrl+S (e' Default.net? Number of unts

Save networks as... Number of systems

Networks properties Ctrl+N

An o Nie Estimated memory needed W

Unit properties Ctrl+l Use map |
45°30'00,0°N 073°30°00,0°W 50,00 Km

~Anetl.net - Radio Mabile Tento poéitac > OS(C) " Radio Mobile > ) » Tento poéitaé » OS(C) ( Radio Mobile > netl >

File Edit View Tools Options Window

[ New networks \ Xpneta e
Open networks Ctrl+0 A Nézov Nézov s‘;oru: I netl >

Save ngtworks Ctrl+3 1-install Ulozit vo formate:  Network File (NET)

Save networks as... antenna

Ctrl+N
Unit properties Ctrl+L

Networks properties

= New project NET1 saved in new directory C:\Radio Mobile\net1\




Nastavenie internetovej konektivity na stiahnutie vyskovych profilov

a] Anetl.net - Radio Mobile & Internet options X
File Edit View Tools Options Window Help Stop . > =
Cancel OK Vytvorit’ novy priedi
oS@RAQ GPS ' '
| A ~SRTM A\ v Radio Mabile
> 1-install
Internet ﬁ;ti::niilr;:?ap " Download from Internet if a file is not found on local path antenna
evation data Toporama icon
S-Unit
= (& Download from Internet if a file is not found on local path and keep a local copy netl
Toolbar SRTM1|
Coordinates -~ —
(" Use local files only

(Lomifies path =
|C:\Radio Mobile\SRTM1 )

Internet ftp directory

m \
|SRTM) arcsecond - Ste 2 \

SRTM - 1/3 arcsecond - Site 3
SRTM - 1 arcsecond - Site 1
SRTM - 1 arcsecond - Site 2

SRTM - 3 arcsecond - Site 1
CRTM 2 arcrcarand Tha 2

= The Shuttle Radar Topography Mission (SRTM) is an international research effort that obtained digital
elevation models, relevant files need to be downloaded from Internet for the selected region (region
definition on the next slide)

= Downloaded files locally stored in the C:\Radio Mobile\SRTM1\ directory




Definovanie vytvaranej podkladovej mapy s vyskovym
profilom pre zvoleny regién — GPS coord

. . e Properties of .\netl.map
&al .\netl.net - Radio Mabile

X
File Edit View Tools Options Window [ Centre ‘ : -
e 45°10'48,0°N 018°48'00 0E Width(pixels) Height (pixels) Extract
New networks | 130 75
0 twork Ctrl+0 S . ’
+
pen networks § " Catiode Longtude S
Save networks Ctrl+S |49.1 8 I1 8,8 —Size (km) ‘\ Cancel I
Width(km) Height (km)
Save networks as... N
Networks properties Ctrl+N Use cursor posttion I‘M = |20 s Top Left
_ . 49"1612'N
Unit properties Ctrl+U I  Fevetion detaSorce 018°33'41E
Top layer
Open map ) Top Right
Select a cty name ISRTM El [c:\radio mobileisrtm1 Browse... 49°1612"N
C‘ """"\4 019°0219"E
Map properties F8 Enter LAT LON or GRA B — Browse.. |
Bottom Left
49°05'24"N
N c Browse...
[select a unt =] None =] | 4| 018°33'41°E
[Nore =] e _mrowse.. || oo g
= . s 49°05'24"N
[T Adjust units elevation INone ;J I': Browear | O19DMTE
[~ Ignore missing files Bottom layer Resokiion
[~ Force gray scale Inttialize matrix with elevation (m) IU 26,7 mipixel

0,86 arcsecond

" [Getting file from internet. . N4SEO19 hat 212 2084k

= New SRTM based map will be merged with topographic information




Uprava zobrazovania podkladovej mapy s vyskovym profilom a
pozicia legendy; d’alsie volitelné upravy mapového obrazu .BMP

.Anetl.net - Radio Mobile.\net1.bmp .Anet1.net - Radio Mabile.\net1.bmp
[ File Edit View Tools Options Win [0 File Edit View Tools Options
O New networks Ot Copy

Open netwarks Ctrl+0 Paste

Save networks Ctrl+S Paste as new picture

Save networks as...

Mer ictures..,

Networks properties Ctrl+N B . \netl.bmp propertie

i i Draw grid...
Unit properties Ctrl+U P g
Draw 3 fiNgs...
Open map (" Gray scaled slope Bottom elevation (m) [296,00 b e
~—m— raw objects
Save map as... (" Colored slope (absolute) Top elevation (m) [1669,00 Rainbow colors
. ™~ Colored slope (relative) — Fitto a window
Map properties F8 - Contrast (%) [30 Elevation (m)
Previous map Ay ) <298 Rotate/Stretch
g Brightness (%) |70 pam—
Next map (Q" Light azimuth () [335 H_: | Saget Flocd
@ ron I — g
. - 35 3 [~ Stratified colors Stratification
New picture = ‘
0 ict [~ 10 m contour intervals - |:| 7 = Elevation contour
REN plCiUre [~ Draw objects _' + Relative

Force gray scale

|296
|4
|s
[~ 100 m contour intervals Objeg
PICEUTE 35.m, - [c:val [r1a | | S I
- - Lo tes [~ 500 m cortour intervals (& Shadow
Picture properties Ctrl+| Fort | 853 D &
— [ Other (m) fso edraw last legend
¥ Transparent — Iggz D 7 J v Show legend
 Posttion Distance scale
Elevation data source: C:\Radio Mobile\net1\net1 . map |1132 I:l 8 ‘& &
Map statistics: Minimum 2960 m - Maximum 1689,0 m - Average 586,0 m Corners coordinates
Fits elevation data in memory |1 M 9
Width=1300 Pixels Height=750 Pixels IZI c 9
Path: c:\radio mobile\net1\ |1 410 |:| 10
o [15s0 B cosd |
- |1 689 - 12 | = |




Spojenie topografickych informacii s podkladovou mapou s vyskovym
profilom

~Anet.net - Radio Mobile @ Properties of .\netl.map B8 Merge pictures over.\roman1.bmp

File Edit View Tools Options Window Cortio — Source ~Virtual Earth m
| [ Personnal use .
New networks | 49%10'48,0°N 018°48'00 0'E " File ’ : —
0 twork Ctrl+0
pen networks rl+ JNISJE ¢ Another picture < + Roads > Cancel |
Save networks Ctrl+S Latitude Longttude — o —
5 " 49,18 [188 { =~ S (" Hybrid .
ENETERaE S B VO intenet OpenStreetitap % e
= o .
Netwaorks properties Ctrl+N e e " Internet NationallMap - USA " Aerial photos " Copy
Unit properties Ctrl+U
(" Internet Toporama - Canada (‘
Open map e Zoom = 12 ( : :
K| | | {* Muttip!
ave : Select a city name (" Land Cover Y
Map properties F8 " Bitwise
Enter LAT LON or GRA (" ADRG - CADRG N
ontrast=
ISele Pr— ﬂ < (¢ Internet VirtuaEarth B 0
J (" Internet GoogleMap Brightness=1.1
Adi nts elevation
v Merge pictures LJ
[~ Force gray scale » ‘
Keep OpenStreetMap in picture 7 -
Povolit' v subore “Map_Link.txt” MS mapy alebo zvolit v menu OpenStreetMap ‘ & Keepin actusipicture )
hadio Mobile restricted merge sources (this line for alternate OSM style server) (" Keep in a new picture

virtualearth.net
' " Keep volatile

(" Do not keep




Priklad finalnej podkladovej mapy; ulozenie atributov mapy, BMP

obrazového suboru a sietovych prvkov do adresara C:\Radio
Mobile\net1\

.Anetlnet - Radio Mabile. \net1.bmp

[0 Fle Edit View Tools Options Windaw Help Sop . ——
CE@RAQUIORE @200 THd OELEHN VORKE @@ | Guwe

JAnetl.net - Radio Mobile, \net1.bmp
m File Edit View Tools Options Win

= New networks
il e Ctrl+0O
Save networks Ctrl+S

Save networks as...

B Save Networks

Sam files related to net1 net

vl net1 net
v/ netl map
v/ net1 bmp

Cancel

X

[
No I
===



Zoom — moznost’ vytvorenia nového obrazu z vyberu

= Right-click na obrazovy subor a potiahnutim zvolit vysek pévodného podkladu
= Right-click na vyber spusti proces vytvorenia nového obrazového suboru

E JAnetl.net - Radio Mobile. \PictureZ.bmp
I:[] File Edit View Tools Options Wing

O New networks
i Open networks Ctrl+0
Save networks Ctrl+S

Save networks as...

Networks properties Ctrl+N

Radio Mobile

Unit properties Ctrl+U

Create a "zoom" picture from selection? a4 Open map

Save map as...

Map properties F8

Previous map

Next map

New picture
en

Save picture as...

Picture properti Ctrl+l

= Novovytvoreny obrazovy subor je mozné kedykolvek uloZit alebo zavriet bez ulozenia




Konfiguracia bezdrétovej mobilnej siete




Konfiguracia jednotlivych prvkov mobilnej komunikacie - 4G/LTE
zakladnovej stanice eNB a 2x koncového zariadenia UE (User Equipment)

.\netl.net - Radio Mobile. \net1.bmp #& Units properties X

[j] File Edit View Tools Options Win M_T Name Elevation (m)
4G UE 2 4G UE1 + 0

=] New networks el | _|
Open networks Ctrl+0O Unt 4
Unt 5
unt 6
Save netwoTroom Unt 7
8
9

OK

Position Clear

00"00'00,0°N 000°00'00,0°E
255 | JIODAA s |

[~ Locked

Save netwoarks Ctrl+S

Unit

Unit

Unit properties Ctrl+U Unit 10 Erter LAT LON or QRA Move up
Unt 11

Unt 12 Move down
Unt 13 . =4

Unt 14 Place unit at cursor position
Unt 15 Export
Unt 16
Unit 17 Place cursor at unit position Import

eNB (Evolved Node B) - 4G (or LTE) Unt 18

Unt 19

hardware that is connected to the mobile i Style - 46 UE1 Sont
. nt 21
phone network that communicates Unt 22

; v Enabled " Left (& Centre " Right
wirelessly with mobile handset or user pefen [ Transparent e

H Unit 25 [ Nolabel BackColor ForeColor
equipment (UE : [ Small font
q p ( ) Unt 26 lcon i 6x16 pixels

Untt 27
Unt 28 kil I3 NS

Unit 29 v

Networks properties Ctrl+N

[~ Show only units that are members of a visible network ‘

BTS (Base Transceiver Station) is an
equivalent to eNB but in 2G (GSM) TR Units properties

AR SIS _I
technology :g 3: ; ) o febeh ~ Small fort

4G eNB 1 con 16x16 pixels '
o R o 0 v ] ﬁm

[T Show only units that are members of a visible network

[~ Transparent

BackColor ForeColor




Konfiguracia parametrov mobilnej siete a typov komunikacnych prvkov

Networks properties

List of all nets

Net 2
Net 3
Net 4
Net 5
Inet &
E Anetl.net - Radio Mobile.\net1.brmp

[0 File Edit View Tools Options  Win
| New networks

Ctrl+0
trl+S

Open networks

Save networks as...

Networks properties

Ctrl+N

Net 20
Net 21
Net 22
Net 23
Net 24
Net 25

Default parameters

Copy Net | Paste Net

X

| Cancel | OK

Parameters

Topology | Membership | Systems | Style |

Net name

koNa1

Minimum frequency (MHz) 1800

Maximum fregquency (MHzZ) 1370

~Polarization
(& Vertical

~Made of variabilty
(¢ Spot

" Accidental

" Mobile

(" Broadcast

(" Horizontal

% of time |50
% of locations |50

% of situations l?u

Surface refractivity (N-

's)[e.cn_

/m
Ground conductivity (S JIW

rmittivity [15—

Relative ground

- Climate
(" Equatorial

(" Cortinental sub-tropical

" Maritime sub-tropical

" Maritime temperate over sea

Parameters

. }mbership | Syste

v Visible

(* Voice net (Commandsmordindeﬂeb@

(" Data net, star topology (Master/Slave)

(" Data net, cluster (Node/Terminal)



Zisk antény a suvislost’ s vysielacim vykonom

Effective Isotropic Radiated Power (EIRP)
Omni Dipole Yagi (60°)

= The hypothetical power that would have to be RS RGET s o S SO
radiated by an isotropic antenna to give the same Tx Power 62.0 60.0 33.0 dBm
(or "equivalent") signal strength as the actual Ant. gain 0 2 9  dBi
source antenna in the direction of the antenna's Cable loss 7 2 2 dBm
strongest beam
EIRP=P; — L.+ G, EIRP 60.0 60.0 60.0 dBm

EIRP 1009.5 1000.0 1002.4 w

Pr = Output power of the transmitter (dBm)
L - = Cable Loss (dB) dBm=10log P,/ 1MW
G, = Antenna Gain (dBi) P,= 1mW™1 uﬂBl‘I‘l”ﬂ

Isotropic
Antenna
High Gain
Antenna

Gain dBi

Gain 0 dBi




eNB a UE prvky; nastavenie anténnych a vysielacich charakteristik,
citlivost’ prijimaca

E Networks properties X Networks properties X

Default parameters Copy Net | Paste Ne Cancel

Default parameters

Copy Net | Paste Net
List of all systems

4G-eNB-1600VW-omni
4G Elype1 Parameters Topology Membershi Systems Parameters | Topology | Member
System 3 System

List of all systems

3
g‘lzem ; System 4
Yo 00 Select from VHF ... UHF . ~] System 5
gyﬁem l; I —] I System 6 |DD j
ysiem i System 7
System 8 System nafje  |4G-eNB-1000W-dipole S; St System n 4G-UE-type-1
System 9 System 9
System 10 Transmiim@ (dBm) ISO System 10 Trengl pow‘ (Wult.) [—0'2 (@Bm) |_23
System 11 o —

System 12

\\ System 11 \
System 13 Receiver threshold 01585 (dBm) l'1 23 |’ SYSICm 12 Receiver threshold (uv) ’ 1122 (dBm) |-105 >
System 13 <
System 14 : - >
3% ss (dB) |2 System 14 ; s (dB)

System 15 Cable+cavities+connectors ) System 15 Cables+cavities+connectors )

System 16 Syst
- - ystem 16 =
System 17 Antenna type |dipole art M View | Systen 17 [omricart -] View |
System 18 System 18
System 19 Artenna gain (dBi) (@8d) 015 System 19 [215
y (dBd) |-2.
T s
e ground ) =-— System 21
g:gz: gg System 22 B
. 5 ; System 23
System 24 Adkitionsl cable loss (dBim) [0 (If antenna height differs ) = S;slem 2 Addtional cable loss (dBim) (If antenna height differs ) —

System 25 | System 25

Add to Radiosys.dat Remave from Radiosys dat Add to Radiosys.dat Remove from Radiosys.dat




Konfiguracia konkrétnych komunikaénych zariadeni

& Networks properties X 78 Networks properties

Default parameters Cancel 0K

Copy Net | Paste Net | Cancel oK Default parameters | Copy Net |
List of all nets

List of all nets

i

Net 2 Parameters Topology Membership Syptems Style Net 2 Parameters | Topolo Membership ystems Style
Net 3 Net 3

Net 4 ‘ ,

e & ~Member of 4G Net 1 o e ~Member of 4G Net 1

N B ole of 4G LE 1 e e £ N\\Role of 4G RBT~_

:3 ; : ISubordinale zl Net 7 : 4 " IEornmand El
st 5 V146 eNB 1 System el ‘ 7 System

Net 10 Clunt 4 |4G-LE type-1 vl Net 10 = [4G-eNB-1000W-dipole |
Net 11 Unt 5 Net 11 |Unit &

Net 12 [unt & ~Antenna height (m) 1 Net 12 unt & enna height (m)

Net 13 unt 7 Net 13

Net 14 "'um g v System 15 Net 14 - E”: ; (s System 10

Net 15 ; LI

Net 16 [unt 9 " Other 03 :::2 [Junt 9 " Other [r_._g,

Net17 Untt 10 J Net 17 _JUnt 10

Net 16 Untt 11 ~ Antenna direction Net 18 (Junt 11 irecti

Net 19 [JUnt 12 Net 19 Clunt 12 na direction

Net 20 CJunt 13 Net 20 CJunt 13 IFixed ) ;I

Net 21 Cunt 14 Net 21 Clunt 14 s . .

et 22 Unt 15 Net 22 B e Azimth (") Elevation angle (*)
Net 23 =g Net 23 = (] 0]

s Unit 1 i CJunt 16

Net 25 Unk 17 v View pattern Net 25 Ount 17 ¥ View pattern

= Volba zariadeni, ktoré patria do konfigurovanej mobilnej siete
= eNB zakladnova stanica je nastavena do médu Command, hand-held zariadenie je v méde Subordinate
= Priradenie predkonfigurovanych charakteristik konkrétnemu zariadeniu




Umiestnenie zvolenych zariadeni do topologickej

mapy




Umiestnenie komunikacnych prvkov do vytvorenej topologickej mapy

-

% Units properties X
~ Name Elevation (m) oK
[aG UE ] o

4G eNB 1

Unt 4 ~ Posttion Clear

Unt 5 00°00'00,0"N 000°00'00,0"E 5

Unt 6 Copy | aste |

Unt 7 c 1 — -JJO-GAA Lir

Unt 8 [~ Locken - ————

Unk 5 S S LS :

Unit 10 | Erfer LAT LON or QRA J\ Move up 4G UE 1

Unt 11 \ v 5 L

En:: :llg > g Move down

U:n 14 ! Place unit at cursor position

Untt 15 ' Export

Unit 16
= Left-click na mapovy podklad, kam chcem umiestnit zariadenie (resp.

zadat suradnice)
= File - Unit Properties - Place unit at cursor position .
= Viacero moznosti modifikovat poziciu na mape; jedna moznost je oznacit : 4G eNB 1
novu poziciu left-clickom a right-click na ikonu zariadenia ¢

eNB: 49.18293 N, 18.80587 E
UE1: cca centrum Ziliny

Radio Mobile

[¥ Enabled " Left (¢ Centre ( Right
') Transparent
il | Move 4G UE 1 to cursor? pa
o [~ No label BackColor ForeColor

Moznost aktivovat/deaktivovat’ icon 16x16 pixeis

zariadenie: <« | EINE]




Radio Link

Charakteristika bezdroétovej radiovej linky




Radio Link - zobrazenie charakteristiky spojenia medzi eNB a zvolenym UE

[l -Anetl.net - Radio Mobile.\net1.bmp
Help Stop Il File Edit View Tools Options Window Help StoP

B . \netl.net - Radio ile.\n
m File Edit View | Tools Options Windo

) - . -
O @ R ||| Redioink 2 1@ @R Elevationarid AERE]
; > World map Ctrl +W
Visual coverage F11 Swap World map
Visual Horizon F12 Find peak elevation Ctrl+F
Fox hunt Find lowest elevation
HAAT
>
7T Radio Link
™ ‘ Edit View Swap
Azimuth=313,26" Elev. angle=-1,113" Obstruction at 6,65km  Worst Fresnel=-02F1 _ Distance=6,71km
Free Space=1142dB  Obstruction=232dB Mix  Urban=36 dB Forest=0,0 dB Stalistics=6,5 4B

PathLoss=152,5dB (3) E field=43 3dBuVim Rx level=-93,0dBm Rx level=4,99uV Rx Relative=13,0dB

Signal level; S-Units:

E— —— ' - S9level is 5,01 uV (-93 dBm
at 50 ohm, 0dBd)

Role Subordin: .
Tx system name 4G-eNB-1000W-dipole j Rx system name 4G-UE-type-1 u 3 d B p e r S - p0| nt
Tx power 1000 W 60 dBm Required E Field 36,98 dBuYim awws v 7 . y
Lie oss 208 Arterna gan 0 dei 2200 | = NizSia hodnota, slabsi signal
Artenna gain 2 dBi -01 dBd % Line loss 05dB
Radisted power EIRP=1 kY ERP=061 kW Rx senstivity 1122pv 106 dBm
Artenna height (m) 10 =& nd Artenna height (m) [rs il S T
Net ~Frequency (MHz)
4G Net 1 | Minimum {1500 Maximum  [1870




Radio Link parameters: 4G eNB -> 4G UE 1

T Radio Link X
Edit View Swap

Distance=6,71km
Statistics=6,5 dB
Rx Relative=13,0d8

Worst Fresnel=-0,2F1
Forest=0,0 dB

Elev. angle=-1,113° Obstruction at 6 65km

Obstruction=23,2 dB Mix %
E fiekd=43 33ByV/m

~ Transmitter ~Receiver
[4G eng 1 ||| JacuE =l
Role Command Role Subordinate
Tx system name dipole _v| || Rxsystem name |4G-UE-type-1 |
Tx power ‘ 1000 W 60 dBm Required E Field 36,98 dBpVim
Line loss teoT— Antenna gain 0 dBi 2,2 dBd ;I
Artenna gain -01 dBd + Line loss 05dB e ——
Radiated power ‘ EIRP=1 KW ERP=061 KWV Rx sensttivity 1122pV 106 dBm
Artenna height (m) jo JE S T I Antenna height (m) frs =l +] ] undo
—Net ~Frequency (MHz)
|4GNet1 j Minimum |1aoo Maximum |137o

60 (EIRP) -114.2 (free space) -23.2 (obstruction) -0 (forest) -8.6 (urban) -6.5 (stat) -0.5 (UE line loss) = -93 dBm

Radio Link

Edit  View Swap
Azimi Profile

R
Distribution )




Free Space=1142 dB
PathLoss=152,5dB (3)

Worst Fresnel=-0,2F1

Forest=0,0 dB
Rx level=0,07pV

I~ — — o - =0

[ac UE1 ~| || [scenat =]

Role Subordinate Role Command

Tx system name [46-UE-type-1 >] || Rxsystem name |46-enB-1000W-dipole =l

Tx power 02w 23,01 dBm Required E Field 19,48 dBuVim

Line loss 05 B Antenna gain 2481 0108+

Antenna gain 0 dBi -2,2dBd + Line loss 2dB —
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Radio Coverage

Simulacia pokrytia zvoleného uzemia mobilnym
signalom




Vytvorenie novej podkladovej mapy; vyskovy profil v odtieni Sedej farby

u \netl.net - Radio Mabile. \net1-backup.bmp ! JAnetl.net - Radio Mobile
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1. Zaloha originalneho podkladového obrazku

2. Vytvorenie Sedej verzie podkladovej mapy vo formate BMP
3. Spojenie s topografickou mapou

4. Ulozit BMP subor do pévodného nazvu “net1.BMP”




“Polar” coverage plot versus “Cartesian” coverage plot

= A Polar plot has been seen to be a very useful tool capable of producing rapid coverage data for a
single central unit to or from a specified moving mobile unit

= Poorer accuracy plot simulations towards the outside of the plot (greater distance from the central unit)

= With Cartesian plot the whole map area is covered by defined 'square pixel’ areas for signal evaluation

' A
Single polar F3
Combined cartesian F4
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“Single Polar” zobrazenie pokrytia signalom jednou zakladnovou stanicou
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“Combined Cartesian” zobrazenie pokrytia signalom jednou alebo
viacerymi zakladnovymi stanicami |
= Fixed unit(s) — volba, ktoré zakladnové stanice budu pouzité na

vykreslenie pokrytia
= Vlysielaci vykon UE je zvyCajne limitujuci (Mobile Tx)
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A. Zakladnova stanica 4G eNB so smerovou anténou 60 stupnov

1. Vytvorit novy typ zakladriovej stanice
= 4G eNB charakteristika

= Transmit power 50W
Receiver threshold -123dBm
= Yagi (60 st)

High 10m

Line loss 2dB

2. Zistit a zdévodnit
= Vysielaci vykon v dBm jednotkach
= Zisk antény
= EIRP

3. Porovnat pokrytia vSesmerovej a smerovej vysielacej stanice
= “Single Polar’ zobrazenie, “Worst Case”
= Suradnice: 49.18293 N, 18.80587 E

= Smerovanie antény na mesto alebo na UE (Network properties, Membership, Antenna direction)

4. Zhodnotit




B. Vytvorte €o najlepsie pokrytie zilinskej kotliny mobilnym signalom

1. Vytvorte novu 2G siet
= min a max freq 930 a 960 MHz

2. Pouzite 3x 2G BTS a najdite pre ne najvhodnejSie umiestnenie

= 2G BTS charakteristika
= Transmit power 1000W (60dBm)
= Receiver threshold -114dBm
= Dipole
= High 20m
= Line loss 2dB

= 2G UE charakteristika
= Transmit power 1W (30dBm)
= Receiver treshold -104dBm
= Omni
= High 1.5m
= Line loss 3dB

3. Porovnat s uz vytvorenou 4G sietou
= Doplnit chybajuce eNB
= Pouzit' najdené lokality pre eNB
= Vytvorit mapu pokrytia




C. Radio link

1. Porovnajte charakteristiky Fresnelovych zon pre nakonfigurované 2G a 4G frekvencie
1. 2G a 4G zakladnové stanice - suradnice: 49.18293 N, 18.80587 E
2. 2G a 4G UE - suradnice: 49.2130 N, 18.7789 E

2. Aky je “The worst case Fresnel” parameter? Vysvetilite.
Aky je mad Sirenia signalu? Priamy alebo difrakCny?

4. Aka je vypoCitana hodnota signalu vysielaného UE zariadenim v mieste zakladnovej stanice? Je eSte

nad urovnou citlivosti prijimaca? Uvedte vplyv a hodnoty v dBm jednotlivych komponentov, okolia a
prenosového média.

w




Dakujem za pozornost.




