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® ITU-R P.526-15 (45EsTiM A LSRER, FEEMIsstianl, #EiFMmibER)
? ITU-R P.2108(5GYkEZ#%Y, Clutter Loss)
ITU-R P.1546-5 (30MHz~3GHz, %ﬁ#ﬂt&ﬁ;&li) e ITU-R P.617-3 (1BINIE/EIERR)

([ J
i ® ITU-R P.370-7 (30MHz~1GHz) |

® |TU-R P.528-3 (FAZSFift
(Anz=TF31) ® £EEVOAAREA

i ? ITU-R P.452-9/14 (100MHzLA L) i i .ITU—R P.1812-3 i /ICEAREA/RECAREA
1 ®ITU-RP619-1 (BEERE, BmA=umiEmm) | | ® Standard 3D Ray | (ROEES)
oo . U R i Tracing (SRT) :

11 @ITU-RP.I147-4 (RKRREESEHEIHER)! | ; : :

Intelligent Ray Tracing (IRT)
-

FIETIRITUIS B R SHEIETTA SRR

i ® SUI (1~6GHz, WiMax) i
| . ek i ® Dominant Paths Model (DPM)
: ® Knife Edge Model (Dﬂjmr%ﬁ;ﬁ%) TU-R PN.525-

@ Parabolic Equation Method (M%éﬂ%}‘j‘iﬁiii) (B Rz |afERY) B> =VOACAP
H e EmpiricaI/Deterministic Two-Ray Model (R}:Zé)%&ﬂ) Guided Wave TfaCi”g(GWUTCEPA?/REC533
[ B B s . ~ | AN SRS TR

COST-231 - Walfish — Ikegami (800MHz~2GHz) (RN B ST
i ITU-R P.1411 (5G/W J
® BO-IGHEHRAY/COST-231 — Hata (150MHz~2GHz) ¢ (SCRILEHED)

#iHEB Longley-Rice (20MHz~40GHz)

N
@----—--=—-

Shooting and Bouncing Rays (SBR)

ITU-R P.2001/P.368
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WinPropAItEiRAERK

«  WinPropidEZE&EiR
. AMan: BRI

. WallMan: 5. =HESIEREER LRSS T GMER |
° PrOMan . 1?%@*%*”%%@%%%&”1!%' Wave Propagation Connectivity

Simulator for
Sensor and MESH
Networks

g

~

- APl: NEBREFEZEO, SIFXFTRES

Radio Network
Planning o

~
WallMan TuMan

- TuMan: BFEHIRENER (A IRIEES
- CoMan: WEEESITTE

Graphical Editor

for Vector Building Graphical Editor for

Databases Tunnels and Stadiums
o 3
N e N
AMan Ao CompoMan
Graphical Editor for —— - g Editor for Components

Antenna Patterns | |=—= o used in Wireless Indoor

Network Installations
7 >
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AMan - FiASHRER

X&EnHE
© SsFekofTERERERZS(ffex)
+ FRIENLE AR (A E T E)EERE

62°°K7230 21

Horizontal Vertikal

- BIARZGEIR (4G/5G/KZIETIF)

Antenna Array Tool

S [~ Base Element
nputda i~ Control Beams | - Data Beams — Frequency [MHz] 2000.00
Azimuth range 120.0 100
Base Element Dipale - [ Ground Plane'
Number of beams m/ Dipole Length 0.5000
8

3-dB beamwidths: A single [ Antenna Array

Horizontal 3-0B beamwidth| | 25 value can be spedified for Aois 1 Axis

all beams, or mutiple values Number of 8 Number of
Vertical 3-08 beamwidth | | 15.0 10.0 for each individual beam,
Element Spacing 0.5000 Element Spacing 0.5000
Frequency [MHz] | 2000.0 || Lin. pol. angle [deg] | 0.0 Cross pal. discr. [d8] | 25.0 Phase Shift 0.0000 Phase Shift 0.0000

il

16
Maximum Gain [dBi] 5. 17.0 For the maximum gain or
20.0

Cutput fles Amplitude Uniform ~]|  sidelobe Suppression  [40.00
[V Generate envelope pattems and a set of individual beams
Antenna Array Plane Xv-Plane >
I™ Generate envelope pattems in a separate file Y

Generate Cancel Cancel
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Material Catalogue X

Materials (curreniy §)

The fuum gu-ml all materials and vegetalions of this database. ‘You can dlick onthe column
headers nmle\sfugeia\ with respectto the values in this calumn

E o - LIS RSt

[ Type [ Objects |
Furiture
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+  Received Power 1ZI{Th=R
- Field Strength 3738

- Path Loss B&{ZIRFE

- LOS Analysis #IEESHT

- Data Rate FURIE=R

+  Throughput Ht£

* SNIR {EFtLL r
- Ray Paths 548812
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HBITNEENY. FTTLHEIRO

- UTEGURMERAUERIRGE. BITIR, TERE. PHTIREHER
ERESEN

- REFEEESR

SEERERESHT x Fle £ Vi Settngs CauabonSemch
5 5 g Qe - L -
ITENP).. || BE(S).. HE(©  LEHEEE). HRE L -
m m
BiE: Link Station 40 - Link Station 31 LI -
- AEREAMTTEE, EEFEANER.
s 15200000 EFBERIAARAEER: (&) 000 mid (6
BB [km]: 2.700 000 m- 120
SE [MBit/s]: 8.00
ORME+E
HiRiRIE
ITU-R P.2001 / P.368 .
[d8]: 104.7
JC5 [de]: 0.0
ThEIRE TRE Ll SR
e ERANE |55 T wEmE IR ORETM REeM BEV BHE
[GEmIE 0.001 -86.0 6.3 10.0 0.0 MR LEE B (1)
4 (d8): 1047 200 1e-06 -820 63 10.0 0.0
KR (di): X L
HRELAA:
< >
IRERIRAE [08): [ TR (6] 653 EES
B TI0IR 26 [dB]: 5 R E [d8]: 653 W AL
BNE (dem]): 207 TEA (RE. TEAN (5. 2FTRAY B
Fhill... 1.67e-11 (OhOmO0s)  2.57e-12 (0hOmOs)  100.0000 %, TlafE
PR 8.00e-00 (0homos)  2.92e-10 (Ohomos)  100.0000 %| AESE -
EH  8.01e-09 (0hom0s)  2.95¢-10 (0hOm0s)  100.0000 %, MEh
TEFSAESEE (&)
< > TEFIRE AR @SR 0)
(=3 4.54-13 0 10 B ap 00 T 0
FEEEHN: 167e-11 Link Station 20 (k] Link Station 10
Lt S5323188° N Long 15TIRO7S0 E 64309958 V:14B99%D 279,35 Basrskog ¢ pé lsvmark > 15 meter Guest
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ﬂiﬂ] BBE E* Ea = \tlt:F;,E

- ERSWHTHER

Worst Margin -19.9 dB

O &/BIEETFH
O BEFR
O itég;&;':m o BIade_VHF
O MEEFR v
o sace v [ e
N File Edit View Settings Frequencies Calculate
O S
. Receiver f [MHz] B [kHz] Max block [%] Total Co/Adj
. LE LE s
- BFE: BT (Frequency hopping) #31 (spread-spectrum) & | . .. imsso 2% oo . )
Blade_UHF 315.0840 500 0.0 1 1
GPS_L1 Receiver  1575.4200 500 0.0 4 2
HEEE: Test
-GPS_L1_Receiver (1575.4200 MHz) Transmitter f [MHz] B [kHz]  EIRP [dBW] [ Margin [dE]
FE g | BOEEEE | PEME PENE 5 22} Co/Adjacent Channel Interference (2)
. Harmanic Interference (2) 1= -~ Blade_VHF 131.2850 250 15.0 -13.4
- B/ SMSEFH glade uHr 315.0840 500 15.0 2.4
A\B SIEE Blade UHF Blade UHF GPS_L1_Receiver —
Blade UHF 131.2850 MHz --- 4% 43.8* ) r—
lad - . . qPS—Ll—REEWEf (1575.4200 MHz) Transmitter f [MHz] B [kHz] EIRP [dBW] [ Margin [dE]
Blade UHF 4.5000 GHz 84 T 74.5 [l CofAdjacent Channel Interference (2)
GPS_L1_Rece... 1.5754 GHz 654 * 654 (5 [T —————— Blade_UIHF 315.0840 500 150 1.3
. . BT Blade_VHF 131.2850 250 15.0 4.2
Fekolt&AIRE:
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13t Company
= Vehicle 1 ehicle 1.1 || =l =l
- : ehicle 2 Yehicle 2.1 ﬂ Wehicle 2
'} Soldier Portable 1 |
- h A S 1 X 2nd Compary
© Received Power [dBm] at Lat 58%13'51.74" N Long: 12°28'03.44" E > <l E dit Allotment Vehicle 1 Vehicle 1.1 =] =l
== % i Wehicle 2.1
50 -50 Allotment Mame G5 M \SJ::’;;I? 2 | P:n:kja ]
Clwner WRAP User \{ $ 3 " 5
I ’ f X
Band uzage at base—— \ v '-' g
i © Lowerband L Y { \r % g. L
i Vehicle 1 2‘/ Portable 1 : ‘
FIMHz] [ f[MHz] | Tx[MHz] | Rx[MHz] LI Fur = g | \r
B30 83 935 830 } Vehicvehjcle 2.2 8 S !
8302 9352 9352 8302 ¢ y '8 (5 Battalion statiol
8304 9354 9354 30,4 ) ( ry -
8306 9356 9356 8306 ¥ Y : ‘ [
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a2 HR2 0 932 a9 2 £ . ‘ “
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5G=HA;

PR

&

F1%56230: u=0, 1, 2, 3, 4, 5, 6

FTIBWIFi 6 (802.11ax) . WIFi 7 (802.11.be)

Subcarrier

Spacing / Slot
Length

60 kHz
250 ps

120 kHz
125 ps

25

100 MHz
Not possible
> 275 PRBs
4096 FFT
3300 sc (275 PRBs) l;k;t;;o;gl;l:
122,88 Msps
2048 FFT 4096 FFT
1644 sc (137 PRBs) 3300 sc (275 PRBs)
122.88 Msps 245.76 Msps
1024 FFT 2048 FFT
816 sc (68 PRBs) 1644 sc (137 PRBs)
122.88 Msps 245.76 Msps

2048 FFT 4096 FFT
1320 sc (110 PRBs) 3300 sc (275 PRBs)
30.72 Msps 61.44 Msps
1024 FFT 2048 FFT
660 sc (55 PRBs) 1644 sc (137 PRBs)
30.72 Msps 61.44 Msps
512 FFT 1024 FFT
324 sc (27 PRBs) 816 sc (68 PRBs)
30.72 Msps 61.44 Msps
NoEDees ble 40855102(3}:5’;-85)

<20 PRBs 61.44 Msps
Subcarrier
Numeralogy. Sy CP type
(kHz)
NfA 1.25
N/A 5
0 15
30
60
120
=

ol|un|sfw|m|~

Supported for Data

(PDSCH, PUSCH etc)

Supported for Sync

(PSS,55S,PBCH)
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Air Interface IS\muIation | Tlaﬁicl Network I F‘mpagaﬁonl Sites I Componentsl Daiabasel Computationl

OFDM / SOFDMA vI Settings
Duplex Separation
’7 Duplex: FOD vI
MIMO Technology
’7 No MIMO supported -
Bandwidth

Channel Bandwidth |1DD MHz. Mumerclogy ~ 'I
100 MHz, Numerolo ln
100 MHz, Numerology 2 v

" Multiple Access ‘

Carier Sepag#fn

Not possible  MHe

> 275 PRBs

Not possible
> 275 PRBs

Not possible
> 275 PRBs

4096 FFT
3300 sc (275 PRBs)
491.52 Msps

i~ Transmission Modes (MCS)
ISurt data rate downlink {down) ;I
Name P.. | Data Rate DL | Data Rate
27 - 2560A. 1 2.01 MEit/s 2.1 MB
18 - 2560A.. 3 1.74 MBit/s 1.74 MB
21 - B40A. 2 1.13 MBit/s 113 MB
12 - B40A.. 4 B2157kBts  821.97kB
08 - 16QA.. 5 5B614kBits 586.14kB
04 - QPSK . 6 31904kBts  319.04KkB
00 - QPSK . 7 6360kBts  63.60kB
< >
Add Delete Eit |
r—Cell Assignment
IHighest Fix power of all camiers in the network ;I
IDeﬁn'rtmn of min. required SNIR ;I
Min. required SNIR |—5.4 dB
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RF/Antennas

MhE

Altair

(Meeis]
5000
500.00

i

Altsr WinProg - ProMan - [Max Troughout Domekinkimta] - ol

oL Max. Theougheue | L}

Monte-Carlo {FE
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L - - -
. : - - : -
>l Tae o
e Traffic Evaluation
G Shmiai Sy
. 7 T g
& : j"‘ 2 Antinta sl ’5’;“""5’_‘ B Mot Assigned
. s - B Blocked (qualty)
4 P L
. e . - . *[ | I Blocked (traffic)
" o, . I served
. . . o -

MIMOJS4bE

Duplex Separation
( Duplex: FOD - Settngs |

MIMO Technology

MIMO 2 Streams A
M Sirea -

reams

Setings

|Carrier 25 (DL 21125 MHz) v | [Group & =]

i Type of Transmitter
© Site with sectars

@ MIMO site

 Satelite
" External Site [Prediction Fesult]

~ Setting:
& 2 MIMO streams
A MIMO streams
Signal ID

r~ Properties of the Carrier

Antenna Pattern

tax. Transmitter Power for the Carrier [0 ownlink)

Max Tx Power

Definition of Tx Power

I]as\B aseStation_onesector. apb Browse |

[0 [watt =]

I Output Power [PA]

LI Azimuth of antennas

MIMO Stream

Downtilt of all anternaz

IU—o
In—o

Antenna Gain Tranzmitted Signal
’7 I 154538 dpj ’7|S|gmalﬁmup A ;I

Parameters of netwark simulation

[ Individusl defirition of mean cell lnad in dowrlink

[ biMO

MIMO stream 1
MIMO stream 2

Cancel
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5GiRs R

- SGRERIZITANNAREENERR, BRSNS ES

- PSR (UE) HEERNZBENMRERFRIRS, T4+ ENX User
Point, {NE{ERREEE

- WISRUERH), KERIGCRIDIR

Prediction Point x|
MName of Point

[ Foint 1 | JUser Point i ﬂ

—Coordinates

x/Longitude 475663.97 m
v/ Latitude 55274117  m
z/Height 15 m

Time Variant

Only stationary prediction points
allowed inthis scenario

—Rotation

Ruotation not supported

oK Cancel
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Received Power
[dBm]
-60.00

-65.00

— -70.00

— -75.00

-80.00

-85.00
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100 m
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MPI F{TI0iE

* ZMESIFMPIF{TINER(SRT, IRT, SBRE)
WAEF): ERHR (IRFLELER)

&= | () B RiEcE RdIE (%)
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Default Settings

Directories and Files I Namesl D\splayl D I Llegend Computation

—(General Settings for the Computation of Predictions
¥ Ask before former results are overwritten during re-computation of project

¥ Generate logfile during computations {saved in result directory)

[~ Save prediction results additionally in customer defined file format

[~ Save prediction resutt of each antenna/cell in individual sub-directory
I~ Fiter propagation resutts when computed

™ Limit dynamic in antenna pattem (Base Station)

Nr of concument computations

Thread Prorty: NORMAL =5 »| i S ot ies Som) [6

Thread Priority: NORMAL + 2 I
Thread Priority: NORMAL + 3 &

Cancel |

1 14853 1 00% 1 :I.-:"_I\'J—\-_'\ * 64 g%*% 222750 1 00 % [~ Limit dynamic in antenna pattem (Mobile Station)
16 956 96.9% 2 T8 * 64 &8 11216.0 99.3% - Settings related to the computation time of the simulations
| | Thread Pnon’ry MNORMAL +0 -
32 485 95.7% 3P A * 64 &2 7694.0 96.5% ——{Thread Priority: NORMAL + 1
48 330 93.8% 2. Run WinProp MPI as follows:

-A --multi-threading number of threads

mpiexec -n number of mpi processes path/to/WinPropCLI.impi -F path/to/project.net

64 267 86.9%
For example:
mpiexec -n 2 D:/Programs/Altair/2024,0/feko/bin/WinPropCLI.impi -F D:/home/user/
96 1 90 81 4% wt_gad/srec/wp/validate/data/mpi-test/Conversion_xodr_ idb/Conversion_xodr_ idb.net

=& --multi-threading 4

where machinefile contains the host details listed as follows: It is also possible to specify the number of MPI processes to use per host as:
el tcst} 12
- host2:1
host2

29
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- (PESETIERTRINEEHFE

Power density over distance

= — — Without Windmill, dielectric ground
—— With Windmill, dielectric ground
— — — Without Windmill, free space
20 With Windmill, free space
----- Scattered fields, dielectric ground
40/
g
E
=
@
2 60
z
5
&
-80]
~100]
-1
[ 1 2 3 4 5 ] 7 8 9 10

X postion [km]

Y Poyming vector (Frequency = 18 Mbiz, ¥ posiion = 0 m 2 gositon = 10 m)
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Export results to Microsoft Word document:

[~ General

The actual screen section will be exported to an image file. Thus the aspect ratio
cannot be modified but the resolution of the bitmap can be defined freely.

[~ Filename for report

File: I Browse..
[~Map view ——————————— Legend view

Aspectratio: [ 1.32 " Nolegend export

(@) Export to separate i fil
 Define resolution of bitmap s

Width (pixels): IV
Heght Gixel):  [70 Eoqtazs; 12

& Export to same file as map view

" Define scale of bitmap

Scale (1:X): 465,52
Resolution (dpi): |96 ad

[oc ]| cal |
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WinProp Result Report
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Figure 49: Ce Area [Cel 1D]

Control Channels - Received Power
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" Antenna Power (dBm)

i -85 or better
Il -95 to -85
-105 to -95
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