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C. CRESITT La G storie & 7] e

technologiques

1G 2G 3G 4G 5G

Amélioration du débit Amélioration 4G x10

Appel téléphonique Transmission numérique Acces a internet depuis C
Envoie message texte Amélioration qualité smartphone - Streaming HD
Communication internationale
Analogique Numérique CDMA2000 LTE “ﬁgsg\?e
AMPS GSM UMTS Wi-Max MIMO
EDGE MIMO

La principale distinction 4G et 5G - réduction du temps de latence, 1 ms max.
- connexion appareils dans les secteurs critiques

2
=]
7]
=]
©
=
-
=
(7]
w
o
(8]
©

2 Juin 2022 C.Alayrac - Atelier : Industrie du futur et 5G 2



© CRESITT Industrie

centre de af‘aq

«CRENT  Bande de fréquencelapplicationsE /] . B2

technologiques

Radio Wave Spectrum

At 700 MHz o, Pe At 2 GHz / 3.4 to 3.8 GHz / 5.9 GHz At 24 - B6 GHz
) g . ~ —'. -u-——» SR

Semi-Penetrable

5G Applications
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technologiques

Prise en compte de hombreux parameétres pour atteindre les performances

Couverture
analyses fines de différentes bandes de fréquences, déploiement de station de base, environnements...

Performance du réseau
choix du canal radio est impacté par I'environnement urbain et « indoor »

Arbitrage tests versus délais de mise en place
La spécificité des essais engendre des surcolt et des délais
Mais des essais mal réalisés peuvent engendrer de colts de non qualité plus important
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o CRESIIT Les contraintes RF & 7] e

technologiques

* Portée radio

« Débit utile

* Nombre de répéteurs a mettre en place
- impact coult infrastructure

Sou_rce:'https{:” Wwie __erpumps.corr'if:r' A Iches/industrie-chimigque
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Rural Urba;i Indoor
Propagation i Propagation Propagation

Large rural scenarios are based WinProp offers sophisticated Indoor scenarios include 3D
on the processing of topography propagation models based on vectors with individual material
and clutter maps in pixel formats. ray-optical technigues such as properties to describe more

like ray tracing. complex objects like office floors.

/\ ALTAIR FEKD

Comprehensive Electromagnetic Solutions
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Principe du tir de rayon

La physique
Transmission Reflection Refraction

l I
[~
R®
Diffraction Adsorption Scattering
' E E empmcal rncHdeI ray-optical model dominant path model
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Mise en pratique

Exemple mise en ceuvre Module LORA au LAB'O

“» Altair Feko 2022.0.1 _ x

File  Home Documentation Utilities

—_— —_ 0 o~ ‘_ﬁ‘ y a2 2 - - —
r ITFE! P oY | wp 0 . r >
" - P -W - A /] . -t
M a

~C - P
CADFEKO POSTFEKO QUEUEFEKO ProMan| WallMan AMan | % | newFASANT | WRAP  S5AM Chedcktfor Terminal
updates

newFASANT WRAP Tools

ProMan
Propagation Manager: General wave
propagation modelling.

Design d’'une antenne PIFA 868Mhz

Simulation gain, directivite, impédance...
Géneration du modele du batiment

Import de I'antenne simulée

Simulation de la puissance recue a chaque étage
Simulation des débits utilisables sur chaque étage

C.Alayrac - Atelier : Industrie du futur et 5G
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* FEKO : Antenne PIFA

Excitation
PIFAT_VohageSource
5
g
£
] e S S B
2 S 4

T80 810 840 870 900 930 960
Frequency [MHz]

Reflection cosficient Magnitude [d5] - Antenne_Mol_yf 90y

2 Juin 2022

Far field

1in [dBi] 4 Conf?
Pol H

Horizontal_plane Vertical_plane ‘

150

180

210

240 300
270
in [dBi] z
Total Gain (Frequency = 868 MHz; Theta = 90 deg; Phi = 0 deg) - Antenne_MoM_vf
m 30
15
0.0
-1.5
-3.0
-45
Antenne a polarisation linéaire j o2
I -9.0
-105
Formation : Intégration d’antennes dans le monde de I'loT (2j) Date
Formation portée par Captronic S
C.Alayrac - Atelier : Industrie du futur et 5G 9



afag

C.CR.EEJ!H Construction du modele & /]

technologiques

« WallMan : Batiment LAB’O
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WallMan : Batiment LAB’O
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o CRESITT Construction du modeéle
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CRT

« WallMan : Batiment LAB’O

Default Values for New Objects X
Geometical Parameters for Othogonal Drawing Mode
® Objectrelative 1o cunent plane (current 3rd coordinate)

Height of walls relative to cumrent plane: 35 m

" Upper and lower coordinate defined indvidually (and absolute)

Min, Coord m Max Coord m

 Automatic mode

Iffloor levels are defined. height of walls is adapted according to the
active floor level, Otherwise height of walls is relative to current plane.

Floor Levels

Material Properties
Material Properies of new Walls

Material Propetties of new Subdivisions

Material Catalogue

[Waod heewy: thickness: § em -]

Matarial Properties of new Fumiture

Materials (currently 70}

|Deteutt Fumiture -
The fallowing table cantains all ials and ions of this datab “vou can click on the column
headers to sort the materialsfvagetations with respect to the values in this column

Materials used in Database

Add / Edit Materials

Clutter Properties .
[ Show color of materials in table

Clutter Class of Prediction Planes

[~ undefined - ~]
ID_| Description | Type | Objects | ~
TS B & thickness: 10 cm Mater
4  Bnck thickness: 20 cm Material 400
Scale Dbjects b 25 ickness: 5 mm Material 19
Selection of scaling method Fixpaint vood heawy: thickness: § cm Material 108
® By drawing aline @ Datsbase origin Meowr :
 With known sealing factor " Lower left of sl objects 24 thickness: 1 mm. Material 5
Fackr [;  Center of all Objects 5 Brick: thickness: 30 cm. Material i
Scale X‘ 1 ncrete: t ke Mnter 1
- bt
Scale walls
Eoteclan ot of e speci{a ! m Add material. Add Furniture.. I Delete. I Edit. I Rsplaoe..] Import.. I Export. I
[+ onXeds [+ on' axis [+ onZ exis

OK Cancel
Scale other objects oK Cancel |
| nce
[# Images ¥ Pixel Maps —
OK Cancel
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technologiques

« WallMan : Batiment LAB’O

UTAAD SRR SOARIAOD 0RO 0 1
1000 0 00 O 0 O O 0 RN WA

L e | '
| M LLim VT
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* ProMan

New Project

—Wireless Technology (Air Interface)

Flease define the air interface (technology) of the
wireless network you want to planfsimulate.

You can either select a pre-defined air interface oryou can
define all settings of yvour air interface individually.

If wou want to use this tool only for propagation analysis,
wou should disable the air interface

MNarne otthe file with the settings of the air interface

|LoRa EU

INetwork Planning based on description file for air interface ;I

Select |

In case of any problems vou can contactthe support tearn of Altair
Engineering. Inc. wia

Technical Suppoart: Contact Technical Suppart

Simulation

~» Altair Feko 2022.0.1

File Home Documentation Utilities
T TP orrxe ||| Ly | S o)
F 4 A &| 0,
& &p © z Zw' Za =) v
CADFEKO POSTFEKO 2 queurexo | ProMan| WalMan AMan | ;. | newFaSaNT | wRap
Feko WinProp newFASANT

ProMan

Propagation Manager: General wave
propagation modeling.

WRAP

CRT

&1

5AM | Check for Terminal

updates

Tools

—Scenario

Indoor Scenarios (30 vector databases for arbitrany 30 scenarios) LI

—Databases
[~ Use only preprocessed vector databases

3D indoor building data (Vector database)
|C:\USers\cr95|tt\Desktop\Hamza_Cresm_Wlndows\ZU22E|5_W Select I

Components Catalogue (optional)

| Select

Displesy height (z coordinata)

Height: 15

Height can atways be modified
wvie displey menul

(m)

oK | Caneel

cenire de
ressources
technologiques

afag

Qualitg

— Polarimetric Analysis
@ Standard (suitable for all scenarios and propagation models)

" Full {limited selection of scenarios and propagation models)

oK

Cancel

2 Juin 2022
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o CRESITT Paramétrage du scénario

CRT

o ProtOCOIe LO RA ChOiSi Edit Project Parameter - LoRa_RDC *

Air Interface |Simu|ation| Trafﬁcl Network I Propagationl Sites I Cumpunentsl Databasel Cumputahonl

—Multiple Access — Transmission Modes (MCS)
|oFDM/SOFDMA | Settings [Sort dats rate downlink (down) |
r~Duplex Separation Name | P.. ‘ Data Rat | Data Rat. |
|Duplex: TDD R Setiings LoRaSF6 3 47084B/s -
LoRaSF7 4 27623Bfs -
—MIMO Technolagy LoRa SF 8 5 15695B/s -
LoRaSF9 6  8789B(s -
No MiMO supperted ~] LoRaSF10 7  5022B/s -
: LoRaSF11 8  2511Bfs -
— Bandwidth LoRaSF12 1 1569B/s -
Channel Bandwidth 125 kHz
—Carriers

i 1 Add Delete Edat |
S 1 86810MHz
S 2 B86B30MHz
S 3 868.50MHz —Cell Assignment
S 4 B86B.70MHz
S 5 868.90MHz IH\ghest Rx power of all carriers in the network LI
S 6 869.10MHz
S 7 86930 MHz IDeﬁniuon of min. required SNIR LI
S 8 86950MHz
Min. required SNIR -20 dB
—Mobile Station [ Subscriber Station

Add Combine Delete Edit

0K | Annuler
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* ProM
roivian

Dl -8 [ ¢ slajaaaaa Ell] 5w o/ &' £l # &

Elj P - | . , % ., ., . % , , , , w0 ., , , 13 ., &

;.’M Le: 8/05/2017 -

%]

g I

@ s 8

5T YO = e [0 RN Y N
50

N

Module emetteur dans B042 (RdC) a 2,50m de hauteur
Récepteur dans B223 (2eme Etage) B223 a 1,20m du sol
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Qualité

* ProMan cell X

! » [ Mumberand MName of Cell in Project
o~ Mr | 1 Mame |Site 1 Antenna 1
\ . _
Status of Cell in Project Location of Antenna

I .
@ Enabled (Prediction computed) x{ Longitude 16.3900 m
i~ Disabled (Prediction not computed) v f Latitude 65.2700 m
z/Height 25000 m

(@ Height relative (to ground)

Transmitter and Receiver Settings " Height absolute (o sea level)

Frequency (used for propagation) 8658100 pMHz

Cariers | 51 (15.0 dBm)

—l_ - . . Antenna Pattern
Assign Carrer Edit Carier | (" Omnidirectional {isotropic) antenna,

Site X @ Default TRX properties (@ Directional / Sectorantenna
ste € Individual TRX properties Ortentaion
[P Azimuth ’— Diownitilt ,— *
Site ID |site 1
Frediction Area (Cell) Antenna Pattern
Comment | Prediction area is identical for all cells/transmitters and |C:\Users\creSitt‘\Desktop\Hamza_Cresitt_\f\

defined on the simulation tak. |

Type of Site Select Show |

Site for antenna

Ay—— Measurements Folarization Gain of antenna: 340277 - dBi

o

=

@ Longitud 16.23 Latitud 65.27 Height 0.00

] x / Longitude v f Latitude 7/ Heig m aK | Cancel |
H

- Antennas

ET:') MName |Amenna |Azimuth ‘ Dowentilt | Longitude | Latitude | Height | Carrier | Fower ‘ hode

E:J @ Site 1 Antennal Antenne.. 0.00 0.00 16.39m 65.27 m 250m 51 1500 dBm  Outp i

(8]
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* ProMan

Carrier x
Channel Bandwidth Froperties of the Carrier
bz Transmitter Power far the Carrier (Downlink)
Bandwidth 125
b, Tx Power Definition of Tx Fower
Carrier Assignment ‘15| |dElm ﬂ |Output Fower (FA) ﬂ
Awailable Carriers
Antenna Gain Transmitted Signal
T, ID | Frequency DL | 340277 i Individual signal |
5 1 BEE10 hHz
2 2 858,30 MHz Farameters of netwark simulation
5 3 86650 MHz [ Individual definition of mean cell load in downlink
5 4 86870 MHz 100
5 5 668.90 MHz General assumed mean Tx power in downlink for cells %
S B 86910 kHz
S 7 869,30 MHz | Individual definition of mean uplink noise rise for this carrier
i General assumed mean noise rise inuplink for carriers/cells 3 db

Double click on carrier in order
[ Individual definition of power backoff for cell assignment channel

General power backoff for cell assignment for carriers 0 db

(S AV Ly

© CRESITT Industrie
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o CR Parameétres Analyses

Edit Project Parameter - LoRa_RDC

* ProMan

= centre de
s ressources

technologiques

afag

Qualité

Airlnterf‘ace] Simulation] Traffic Network Propagaticn] Sites ] Components Database] Ccmputaticn]

Edit Project Parameter - TEST_05_LABO_grp_rev02_ * Output Directory for Network Results

Simulation Propagation | Sites | Database | Computation | Directory |NetName_LORa_RDC

Output Directory [ Basic Filename for Propagation Results

[ Additional Output of Results in ASCll files

Directory  [Test_7_re_E2_8m

Change [

MNetwork Simulation Mode

e

General results

[ :
[v' BestServer (Cell Assignment) Settings
[+ Field Strength Delay Spread. Angular Spread and Angular
Mean can only be predicted with ray-optical Settings

[~ Additional Output of Results in ASCli files

Computed Prediction Results

[v' Max. achievable Throughput

[v PathLoss propagation models

[v Angular Means (BS+MS. Azimuth+Elevation)

[ EMC Analysis

[+ LOS Analysis [v Min. Path Delay

Individ. results for each transmission mode

Additional Prediction Data (exported into ASClifile during computation - required to show CIR and Paths) [v' Min. required Transmitter Power

[+ Propagation Paths [v' Max. achievable Received Signal Strength
Write data also into binary ray file

[+ ChannelImpulse Response (CIR)

[~ Transmission Matrix T

[+ Reception Probability (incl. Fast Fading)
[v' SNIR (Max. achievable SNIR)
[v" Max. number of parallel streams at pixel

Consideration of Antenna Properties at Mobile Station |7 ThmthpUt at pl)(el in transmission mode

Propagation Simulation
=> Assumes isotropical antenna at MS

[~ Consider Antenna of MS

Postprocessing (i.e. RUN MS)
=> Consideration of MS Antenna Properties

Annuler

—

2 Juin 2022 C.Alayrac - Atelier : Industrie du futur et 5G
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Change

Received Power in Tabular Format

Results related to the cell assignment

v

v

Serving Carrier: Received Power (Cell Assign.)

Serving Carrier: SNIR (Cell Assignment)

No. of Carriers received

Settings

No. of TRX received Settings

Settings

Settings

MNo. of Sites received

MNeighbor Cell List

Analysis ofthe serving carrier

[+ Pilot Total received (signal + noise + interfer.)

[v Pilot Interference level (noise + interference)

Traffic Analysis

v
v
v
v
v

Traffic State

Offered Traffic

Served Users

Blocked Users (due to traffic, quality, unassigned)

Nr of subscribers for application

19
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* ProMan

Edit Project Parameter - TEST_05_LABO _grp_rev02_ b8

Simulation | Propagation | Sites | Database Computation

Prediction Madel (for all trar axcept of radiating cables)
Ray Optical Propagation Models

C

(" Standard Ray Tracing (SRT. 3D Ray Tracing)

(" Shooting and Bouncing Rays (SBR: 3D Ray Launching)

T _
R®

empirical model ray-optical model dominant path model

Semi-Deterministic Propagation Models T ®\
@ Dominant Path Model (DPM) Sefltings *-».M_

Empirical Propagation Models ““x@
(~ Mult-Wall Model (COST 231) R

" Motley-Keenan Model
(" One Slope Model (Modified Free Space Model)

Prediction Model {for radiating cables)
@ SDM (Shortest Distance Model) Sefiings
(" STL (Smallest Transmission Loss Model)
(" SPL (Smallest Path Loss Model)
" Dominant Path Model (DPM)

Computation of signal level along propagation path (valid for all propagation models)

(" Fresnel Coefficients (Transmission, Reflection) and GTD/UTD (Diffractian)
(based on pemittivity. permeability. conductivity, and thickness of matenals defined in database)

(@ Empincal Losses for Transmission, Reflection, and Diffraction
(based on losses [dB] of materials for ransmission, reflection, and diffraction)

Additional diffraction loss for wedges parallel to (linear) polarization 0 dB

Frequency dependent attenuation (atmespheric losses) Settings
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Empirical Loss : Configl

: =
&,
i Total Gain [dBi] z
ZIN y TS Ty
o I E
120 60
150 v 30
180 ey o
7
210 \\\ 7 /330
240 300

270

requency = 868 MHz; Theta = 90 deg; Phi = 0 deg) - Ante.

~ ] POWER
{ | (ol Power
) [dBm]
- -10.00
E,
. -20.00
-30.00
-40.00
— -50.00
= — -60.00

Site 1 Antenna 1

-70.00
-80.00
-90.00
-100.00
-110.00
-120.00

© CRESITT Industrie
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Résultats LORA (DPM)

Empirical Loss : Config2

2 Juin 2022
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POWER

Power
[dBm]

-10.00
-20.00
-30.00
-40.00

— -50.00
— -60.00
— -70.00

-80.00
-90.00
-100.00
-110.00
-120.00




Empirical Loss : Config3

tal Gain [dBi] z

Lo ORI Résultats LORA (DPM) & /]
technologiques

© CRESITT Industrie
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", CRESITT Résultats LORA (DPM)

Frasnell Coefficients: Config3

Total Gain [dBi] z

C.Alayrac - Atelier

: Industrie du futur et 5G
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_ Empirical Loss : Config3

Data Rate (Byte/s)

= 470.8

B - 272

= 15.69

B = 1569

W = 87.89

ERT[TTTTT T M = 5022
: |ELITH A - s

2 Juin 2022 C.Alayrac - Atelier : Industrie du futur et 5G 25



o CRESIT Résultats LORA (DPM) & /]

technologiques

Empirical Loss : Config3

Total Gain [dBi] z

-50

-60

Power [dBm]

-70 -90.00

-80 X -110.00

=0 N

0 10 20 30 40 50

=
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Distance [m]
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Reésultats LORA (DPM)

RDC Empirical Loss : Config3

Field Strength

P
n:;t
@

centre de afag
ressources _Is 9001

technologiques

11

Field Strength
[dB uv/m]

— 80.00
— 70.00

— 110.00
100.00
—  90.00
o

— 50.00
— 30.00

20.00
[ 10.00
0.00

LOS : En vision directe

LOS Status
[Status]

B NLOS

B oLos

LOS

NOS : Non visible mais transmission a travers mur
OLOS : Non visible, pas de transmission a travers mur

2 Juin 2022
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Config3

opagation Paths ‘

The following table shows all propagation paths fo the selected receiver pixel
The sofing sequence can be changed by elicking on the column headers.

Index | Type | Interactions [ Delay[ P‘hase[ Signal LEVE|[ DoD Aai... [ DoD El A

= ReyOpti.. 7 (RI1DST.05) 8341ns  13689deg -9445dBm 22927deg 8361

(1 RayOpti.. 7 (0R0D.7T.05) B340 ns 12563deg -9530dBm 29549deg 9358

= K] RayOpti.. 7 QRI1D5T.05) 8352 ns 17016 deq <9708 dBm 22948deqg B541

4 RayQpt.. 7 1R1D.5T.05) B357 ns 168550 deq -9783dBm 22861deq 6575

HAs RayOpti.. 6 MR 1D0.5T.05) 7060 ns 31093 deg -10202dBm 28437deg 6609

= ReyOpti.. 7 QRI1D.ST.0S) B406ns  34090deg -10239dBm 22988deg BGEI]

M7 RayOpti.. 7 (IR 1D.5T.05) B459ne 13399deg -107.11dBm  21833deg 9294

= B FeyOpti.. 7 (R1D5T.08) 7963ns 22152deg -108.37dBm 15201 deg 8507

(= k] RayOpt.. 6 (1R 1D.4T.05) 7069 ns 15766 deq -10940dBm 28445deq 6598

H10 RayOpt. 6 (1R1D.4T.08) 8108 ns HNe0Zdeg -11355dBm 16087 deg 9307

BE11  RayOpt. 7 (1RI1D.ST.0S) 7208ns 23096 deg -11367dBm 26565 deg 6427
v

< >

All | Mane Filter ... Infa .. Close

¥ Update display only sfter mouse click

r—r L - -

Notes
- SRT : High accuracy in region of Tx and limited
accuracy far away (8 hours simulation)
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- DPM : - High accuracy far away from Tx (1mn simulation)
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Reésultats 5G (26,5GHz)
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5G Config3

Data Rate

centre de
ressources

technologiques

afag

Qualité

DL: Max. Data Rate
[MBIt/s]

= 1071
= 0.7714
= 0.7399
= 0.3950
= 0.3718
I = 0.2769
= 0.1701
= 0.1268

B = 0.0870

Il = 0.0545
Il =0.0339

DL: Max. Data Rate
[kBit/s]

= 739.9
= 395.0
= 371.8
276.9
= 1701
= 126.8
= 87.01
54.52
= 33.90
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Contacts

Christophe Alayrac
Hamza Raki Directeur technique

jénieur d'Etudes

Formation : Intégration d’antennes dans le monde de I'loT (2j) & Date

Formation portée par Captronic
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