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About
Us

CRITICAL COMMUNICATIONS NETWORK PLANNING AND MODELLING
SOFTWARE SOLUTIONS FOR BOTH INDOOR AND OUTDOOR

OUR FOCUS IS TO SUCCEED AT EVERY LEVEL OF OPERATIONS IN
ELECTROMAGNETIC SPECTRUM OPERATIONS

ATDI are global leaders in the development and implementation of automated
spectrum management solutions.

For over three decades, we have backed over 2,000 civil and defence spectrum
agencies, operators and vendors. Our solutions continue to evolve to meet the
growing needs of the critical communications industries. k

We provide a unique and global solutions for:

A Radio planning and optimisation: activities for all communication and
transmission systems used by the Ground/Air/Sea/Space forces;

A Frequency management (FM)

A Spectrum management solution (SMS): for planning, coordinating, and
managing joint use of the EMS through operational, engineering and
administrative procedures;

A Electronic Warfare (EW) management / interception and intelligence
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Our Offices r.T53
Global Footprint

Allows us to leverage different time zones
Provide support around the clock
Fast response times

Draw resources from across the group to support larger projects ensuring we offer the very best services to our end users

Shared experiences I combining many man-years experience across the group. At every stage of the project (from project outset to going live) we aim to
learn and improve our services. To do that we carry out regular internal project reviews and a group review at handover.
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Our
Services

——= Customised training service online or
onsite.

Provide professional consulting
services in spectrum engineering and
management to solve any spectrum
issues.

B
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24/7 global technical support via phone, {:Eé} Business analysis, system design,

email and web-conference

Medium to High resolution DTM and
Clutter library.

Cloud base digital map image
streaming and cache support.

architecture, customisation, integration, and
configuration.

% Support on Go-Live, Testing, and bug fixing.

On-going maintenance support with software updates.

www.atdi.com



Key References in Rail Industry
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BoldynCommunicationsUK
TGV (INEO SUEZ), FRANCE

PKP POLISH RAILWAY LINES S.A, Poland
Sydney Trains, Australia

Public Transportation Authority of WA, Australia
Queensland Rail (Parsons Brinckerhoff consulting), Australia
Tasmania Rail, Australia

Victrack, Australia

Vodafone International, Australia

Huawei Australia

KORAIL, S. Korea

GimpoGoldLineS. Korea
GYPROTRANSSIGNALSVYAZ (GTSS SPB), Russia
INDRA, SPAIN

Ingenieriay Economia déllransporteS.A. lhecg, SPAIN

WSP, UK

ATKINS RAIL, UK

WHP, UK

INTRACOM, GREECE

GLOBAL NOVICOM, KAZAKHSTAN
AECOM FOR CROATIA RAILWAY LINE, Croatia
SEPURA, Malaysia

ST Engineering, Singapore

DAMM Cellular Systems India Pvt Ltd, India
Kontron Transport GmbH, Austria

United Group Infrastructure, Australia

HMF Smart Solutions GmbH, Germany
Stadler Rail, Switzerland



All-In-One

RF engineering solution
for Rail Network Design




HTZ Communications

Radio cellular technologies: GSM/GSM-R, GPRS, EDGE, EDGE Evolution PMR, Trunked Radio Systems (TETRA, TETRAPOL, APCO-25, MPT
1327), GSM-R, DCS, CDMA EVDO GPRS, Wi-Fi (802.11a/b/g/ac), WiMax (802.16 a/d/e), UMTS, R99, HSDPA, HSUPA, HSPA+, DB-HSDPA, DC-
HSDPA, CDMA 2000 1x, CDMA 200 EV-DO, DCS, LTE Advanced (latest 3GPP release), MBSFN-LTE, NB-loT (3GPP), loT/LoRA/SigFox, WiFi,
Ingenu, LOWPAN, RPMA, Zigbee, Enocean, ISA 100, LTE-M, LTE-R (TDD/FDD), PS-LTE, ZWave, Mesh network, Smart Grid, CISCO smart grid
technology, 5G-NR (FDD/TDD), SCADA, FRMCS, etc.

Satellite/Earth station
Microwave-links & Point to Multi-Points

Aeronautical & UAVs : Communications (Ground To Ground/Ground To Air), Radio Navigation (GP, markers, Loc, MLAT, DME, TACAN, NDB,
Markers, GBAS RX, MLS AZ, etc.) and Surveillance systems, counter-drones

Radio-localisation: (DF/Sensors/MLAT, Telemetry, TDOA, RSSI, etc.)
Broadcast : Radio analog and digital (FM, AM, LF/MF, TDAB, etc.), TV analog and digital (DVB, DVB-T2, ISDB-T, DMR, DVB-S, DVBS2, etc.)

Subscribers and User Equipment

ATDI | Critical Communications / RailComms



Supporting

Multi-Technology Capability

ATDI | Automated Battlespace Spectrum Management

A GSM-R/LTE-R & 5G

A FRMCS

A Microwave-links & Point to Multi-Points
A Leaky Feeder

ATETRA

A WiFi

A Mesh network

A And more

www.atdi.com



Supporting
the entire life cycle of the network planning

Site database management (technical and administrative data), rank of potential candidates sites (backhaul
availability, site cost, planning coverage targetseé.
automatic network planning of;
- Automatic site candidates selection according to the coverage and traffic targets
- Automatic Cell Planning (ACP)
- Automatic Site Placement (ASP)

- Automatic link budget calculator (DL/UL) taking into account % of reliability at the cell edge

-Composite, best server (1st, 2nd, ¢é), overlapping, number o
-Coverage analysis (surface, popul ation, vectors, points¢é)
- Import of traffic map (user profiles with traffic demand, subscribersd at abase, density of wuserse)

- Automatic traffic dimensioning (Erlang and data)

- Network traffic congestion analysis
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Supporting
the entire life cycle of the network planning

- Interference analysis (Co-c hannel , adj acent, N+2, é)
-Spurious interference analysis (intermod , dezensificatio

- Automatic Frequency Planning (AFP)

- Automatic site optimization in order to improve the coverage inside a polygon or along a vector line
- Automatic site optimization in order to reduce the interference
- Automatic site optimization to increase the number of connected subscribers (calculation done according to the subscriber distribt

- Automatic search of repeaters/gap filler to improve the existing coverage and to solve the gap of coverage.

- Handover maps

- Automatic Neighbor list

-Comparison of the measurement data (drive tests, punct ual
- Automatic tuning propagation model

ATDI | Critical Communications / RailComms - KPI analysis with statistics charts



Worldwide Cartographic Data Library

ATDI offers a worldwide cartographic data library for
all HTZ software license users. The data is developed
using the open -source maps from national

government agencies for GIS and land survey (e.g MAP DOWNLOAD MANAGER -

- X
Norwegian maps authority/geonorge.no) e e e
‘!‘ Belguem: Brugge -Oostende 1 BLAME ‘SJJ‘J 04-05 | DIM | CLUTTER | BUILDINGS
‘L Belguen: Brussed 1 BLAMY 2020-04-05 | DIM | CLUTTER | BLILDINGS
. 3, | Belgum: Fanders 10 BLAME 2020-04-05 | DYM | CLUTTER | BUILDINGS
The quallty Of maps Vary between 1 m (DTM 1 CIUtterS ' Belguemn: Gent 1 BLAME 2020-04-05 | DM | CLUTTER | BLRLDINGS
- - ‘!‘ Slovakse admunstrative shapes | 0 ADEC 2020-04-03 | ADMINISTRATIVE
and 3D building) and 25 m (DTM and clutters), =1 {1 o e
- - ' Beank Bana 1 jorth) 25 SIRG2000 2020-03-21 M | CLUTTE

depending on the source resolution, < : ) Sl

KA SRG2000 2020-03-28 | DIM | CLUTTER

I 25 QRG2000 2020-03-28 | DT | CLUTTER

.!‘ Brank Band 4 25 SRG2000 2020-03-28 | DTM | CLUTTER

L‘_, Brank Band 5 5 SIRG2000 2020-03-28 | DM | CLUTTER

h“ Branik Band 6 South) 5 SRG2000 2020-03-28 | DTM | CLUTTER

.!‘ Lobanon 20 ATN36 2020-03-26 | DTM | CLUTTER

. . . . .é‘ 20 AITNGA | 2020-03-21 | DIM | QUTTER
ATDI | Critical Communications / RailComms T PSS e o e ATy (B s
.!‘ Russia Murmanks 2 AUTN3G 2020-02-12 | DTM | CLUTTER | BUILDINGS




Integration with Web-Map Services

Maps, Here, and so on, or specific cartographic collection from
Geoportals which is available in some countries (Poland, France,
Spain, United States, etc.)
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HTZ utilizes web-serviced map images such as Google Maps, Bing

- Map layer

Base map layer
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el Rbop <

/ !
OSM topo
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Rendering
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DEM color DEM shade MAP BW >Map color >Z=DEM Z=DEM+Clutter

Contrast

Brightness e ——

Map

Overlay appesrance  me—
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>Maximized map Map grid Map+profile BLG isometric



Managing GIS Data; Multi-Map

Multi map editor

MitmapFle  C:\ATDIVCS telecom EV x64\Samples MULTIMAP_EDITOR.MIM

Multh map mags kst

Selected maps. File (relative path)

Related tool

Batch conversion
IMG4PAL -> RIM

C:\ATDIYICS tedacom EV x64\Samples\Cartographic_fies t_ProjectRIM

x ™ 2 2] o o1 meee 41°3F 337N

HTZ enables to use and manage different
resolutions (e.g 2m, 10m, 50m, 100m...) and allows the users to use and switch between
maps in a single scenario. As long as multiple raster resolution topographic maps are
loaded, the software will supportt the multimap display depending on the zoom levels.

uuuuu

,,,,,,,
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Covered zones in Multimap file

map s
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Managing GIS Data; Multi-Map Offline Cache

If the customer provides the sources (offline), it is simply to set up the multi-map. If no sources are
available, ATDI can provide offline cache images obtained from Google Maps, MS Bing, etc.

Example,

> ATDI > Bing > GoogleAerial > LO7

Windows (C:) > ATDI > Bing

O Nom

Aerial
AerialWithLabels
GoogleAerial 4 ” > _ P e — g - P p— | k
1221033 1221200 1221202 1221210 1221212
. . - TR . .

o

GoogleAerialLabels
GooglePhysical
GoogleStreet

Here

HereHybrid

HereTerrain

1221221 1221222 1221230 1221232 1221301

A

MapBox
OpenRailway
OpenStreetMap
OpenTopoMap
PL_Ortho
PL_Topo

Relief

Road

1221310 1221311 1221312 1221313 1221320 1221321 1221323

My Al %? s

3

StamenToner
WorldOrtho
WorldTopo

>

s
1223000 1223001 1223100 1223101 1230200 1230201 1230202 1230203

L s comsemm
1230221 1230222 1230223
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Supporting
Robust GIS Data Manipulation

RF planning tool should have a capabilities to interpolate such
dynamic structures and environments in DTM/DEM along the rail
corridors as itobés the main iIinputs
accuracy. HTZ supports rail centerline importation in vector
formats.

A Cuttings through mountains
A Tunnels

A Rail Corridor elevations

A Footbridges

A Platforms and Stations

ATDI | Critical Communications / RailComms




Supporting
Robust GIS Data Manipulation

Gpen'upen
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Robust GIS Data Manipulat

Supporting

www.atdi.com
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Supporting multiple frequencies and technologies
Propagation models

Free Space model

Diffraction models

Tropo-scattering models
Deterministic ITU Recommendations
Industry standard models including
aeronautical models
Specific/external & custom-built
models

HF conductivity model

ATDI | Critical Communications / RailComms

opagation models

‘ministic model from abou MHz to 1 TH}

Propagation methods
m leterm.)

(100-30000 MHz)
{125-15500 MHz)...
)TTU-R 1225 (IMT 2000)
)TTU-R 2001-4 (30 MHz - 50 GHz)
) TTM NTIA (20 MHz-20 GHz)...

+ Min [ Diffraction, Tropo, Ducting, Reflections, Absorp’

ath attenuation ons

[ Multipath

Troposcattering

:
© No subpath loss LImR617-3

More methods...

Absorption [ Pey Ducting

[ Linear attenuations... (o

3GPP [ C ic / External
urkin method ()
PP-LTE urban (0.9-2 wod (1-1000 MHz)
3GPP-LTE rural (0.9-2 GHz) ) CCIR - MF (550-1700 kHz)
) Egli {V/UHF)
Okumura-Hata {150-1500 MHz)
Hata - Cost 231 (150-2000 MHz)

00-2000 MHz)

OHDT: (30-1500 MHz) -
[ Use TR e

Flat earth p

[(JImuUR617-5...

+ Attenuation by atmospheric gases and rain + Other attenuations (option)
Slope model c

A factor

Attenuation (d

Tunnel

Diffract. correct. (dB)

2D reflections
— round reflections - minima fmaxima
nEs 101 (] . e
round reflections - reflection point
round reflections - mn/mx fiat earth
(LFs, L2
© Mo ground reflections

1to 1%)

sotherm 0°C

Global parameters
Earth radius km land
Earth radius km sea

Field strength=E-Offset

e height (1

Variability (P2P unwanted signal)

Time (0 to 50 pc)

Clutter... ductivity...

OH - duttes




Full-Deterministic Propagation models
using customised GIS data inputs

Trdltlonal) planning is \nat‘ccurat
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Diffraction

Deterministic modelling:
Path specific,
Superior accuracy,
Dependent on terrain and clutter height
Calculates free-space, diffraction and reflections
Example: ITU-R P.525/526 Deygout-94 method Diffraction theory

Empirical modelling: the calculation of the signal loss is based
upon propagation formulas

that have been derive rements (Okumura Hata,
COST231..). Has beg

ATDI | Critical Communications / RailComms



Comparison between SPM & Deterministic models

SPM model is fundamentally a curve fitting approach to measured data in order to model
the path loss. It also includes a correction term to account for attenuations caused by
diffractions from local obstacles. Therefore, the SPM model fundamentally consists of a
curve with local corrections provided by the diffraction term. The K2 and K5 parameters
control the slope of the curve (and hence the path loss exponent), and other K factors
control the Y Intercept.

As field measurements are highly correlated with the characteristics of the environment in
which they are carried out, the K values would have to be tuned in order to adapt the
SPM model to local environment. This implies re-using K values from one project to
another project will introduce inaccuracies and error to the path loss predictions.

Another source of complication with the SPM model is its dependence on the Transmitter

and Receiver heights. Once K values are tuned for a given Tx and Rx heights, changing

these heights could compromise the accuracy of the SPM model, as it will affect the Y

intercept of the fitted curve.

ATDI | Critical Communications / RailComms

The general form of the deterministic model is
Path Loss = Free Space Path Loss + Diffraction attenuation + Sub-Path
attenuation.

Since all components of the model are deterministic and terrain height is
the only height of interest (i.e. no clutter height is considered and hence
for clutter height tuning

no need

to adapt the model to rail services environment.



Comparison between SPM & Deterministic models

SPM and Deterministic models make use of Diffraction to provide compensation to path loss
calculations. The accuracy of diffraction calculations depends on the number of edges that the given
method considers in its calculations. While the maximum number of diffracting objects that are

considered in SPM are 3 (ITUR 526-5), there are no limits in other models such as Deygout 94 method

ATDI | Critical Communications / RailComms



Comparison between SPM & Deterministic models

ITUP.525, function of frequencyanddistance Hata model, function of tuneableK factorsaswell as Tx &
Rxantennaheights

StandardSupPath model, function of terrain profile, Tx
& Rxantennaheights

Deygout 94 model, considers unlimited obstacles, Diffraction modelssuchasDeygout66, considersMax. of 3
function of terrain profile as well as Tx & Rxantenna obstacles,function of terrain profile as well as Tx & Rx
heights antennaheights

ATDI | Critical Communications / RailComms



Comparison between SPM & Deterministic models

Std. Dev

ATDI | Critical Communications / RailComms

5.73

5.92

2.7

Mean error
-2.68
-5.27
0.03
-0.79
-0.81

Cor. Factor

Std. Dev
9.1
8.74
7.45
7.15

5.9

Mean error

7.7

Cor. Factor
0.58
0.53
0.6
0.69
0.63



Indoor & Outdoor Network Design

(3G, 4G & 5G)




Link Budget Calculation (1/2)

to calculate them based on different input parameters:

. Station balanced path threshelds

Item Basze station Terminal
It |S Mominal power (dBm) | 30.0 0 Cancel
. . . . Additional losses (dB)
set in the Threshold parameters box as the Global threshold, or Cov. threshold in station parameters (if mode T gan (&) e
AiThreshold from stationso is set in Threshold paramet mxoan (@) [oco | |0.00 Load TRM
oad . TR
N Network parameters (Bandwidth, Probability to achieve, Standard deviation); I o

. . q . Rx losses (dB)
N Downlink parameters: SNIR required for throughput, Noise figure.

Tx gain mimo (dB)

Itis an

Rx gain mimo (dB)

unbalanced threshold and is calculated from: Sensitivity (d&m) [ 119,

11T

Reference frequency (MHz)

N Network parameters (Bandwidth, Probability to achieve, Standard deviation);
N Uplink parameters: SNIR required for throughput, Noise figure. -

2.00

y (dBm) | -110.00 -117.00

L

DL UL
Balanced threshold (dBuV/m) | 35,25 32.00

o o o . Apply az global threshold Global threshold
ATDI | Critical Communications / RailComms

[ Apply to station Cov. and Rx thresholds




Link Budget Calculation (2/2)

to calculate them based on different input parameters:

It is calculated

. 4G/3G calculator

f|’0m 2 Item eNodeB
Q q a q ransmit power f port (dBm) | 43.0 23.0
0 eNodeB/gNodeB parameters (power, Tx gain including MIMO gain and losses) and UE parameters e ee
(Rx gain including MIMO gain and losses); s xoan @) [0 ]
N Network parameters (Bandwidth, Probability to achieve, Standard deviation); )
N Downlink parameters: SNIR required for throughput, Noise figure. Omo 2[om | i
. ® R gain mimo (d6)
It IS Calculated from Numerology: Do O ()2 ()3 O Os O] =only if not already included in Tx/Rx gains
I . . Ttem Downlink Uplink.
0 eNodeB/gNodeB parameters (Rx gain including MIMO gain and losses) and UE parameters (Power, vt o s s e —
Tx gain including MIMO gain and losses); mabde [50 50 LT
SNIR required for throughput (dB) | _g 5 ssi alanced thresholds to activated
N Network parameters (Bandwidth, Probability to achieve, Standard deviation); S = !

N Uplink parameters: SNIR required for throughput, Noise figure. i -2 | N— e
Coverage / Rx thresholds (dBm)
O

o activated eNodeB
Min RSRP (dBm)
ATDI | Critical Communications / RailComms

SNIR vs Throughput... Stations... Compute Cancel




Managing Technical Parameters

HTZ provides a comprehensive technical parameter setup for both transmitters and receivers. In addition, database can be used
to select equipment (Tx/Rx) and antennas or predefined station/mobile settings.

Once the coverage of each station has been performed, it will be automatically attached to the stations. So, when saving the
network (either to a Network file .EWFX) or a station database (Internal or SQL), the coverage will be saved along with the station

locations and parameters. No need to perform the coverage again and can be used for further calculations (Composite coverage,
Best server, SNIR maps, Throughput maps, ...).

- Coverage parameters

Haght of Rx antennas
Distance (km)

Min coverage value (dBuv)m) |
Wanted threshold

Perform missing coverage [

Vector polygon lmited [
Vector ne lesited [
Vector path keited [

optors... | [ ox | canedl

ATDI | Critical Communications / RailC




Massive MIMO Beamforming (1/3)

Multi-port
Beam-forming
Multi-user MIMO (massive MIMO)

Managing multiple vendors

Transmission diversity (SD-MIMO)
Spatial multiplexing (SM-MIMO)
Multi-user (MU-MIMO)

Mixed (all above)

Auto switch to achieve best throughput

Specify min/max limits
V and H planes
Specify steering steps

ATDI | Critical Communications / RailComms

MSI/RPE 2D reverse tilt

Antena file must be reloaded ‘ 2D anternia H+V (1 polasization)

! | Zoom

Horizontal pattern -90 Vertical pattern +30
Txpal Qv OH OCc @M
Rxpol OV OH Oc @M
X polar. disc. (dB) g

Tx ant gain (dBi) HT

Rx ant gain (dBi) | 17.50

Antenna database | 741784_1855_X_CO_P45

Diameter or size (m) Aperture (%)

Crossover distance between near and far fields (m) | 9,23

Twodine element set - Satellite catalog number E[

BSRHNV + [35 | /[35 |deg
Beam step H/V [5 [/[s |deg

BSR.=Beam steering range in degrees

Azimuth (0-359%) | 120.00
Tit (90 4909 [p.000 |
(O standard antenna
(O su-mmMO sD
(O su-MIMO SM
OmMuM-MIMO
Osmo
@ Aas
No. arrays TR [g4 | /64
mu([2 |15.1151d8
BSRHN +-[35 | /[35 |deg
Beam step H/V [5 | 7[5 |deg
BSR =Beam steering range in degrees




Massive MIMO & Beamforming (2/3)

Support broadcast and service beams: Batch importation and combination of multiple beams

MSI/RPE 2D reverse tilt P RTRT T ER RE EEEEEEEEER
Antena ﬁI/eRmust be reloaded % Edit/select H-pattern...

\ Edit/select V-pattern...

Set t i
Horizontal pattern -80 Vertical pattern +30 sty

Multiport/Multibeam antenna (H)...

OV ( Jc @
Ticpl OV Ol Oc @ Multiport/Multibeam antenna (V)...

Rxpol Ov OH Oc @M Convert to 3D antenna...

X polar. disc. (dB) [ |
polar, disc. (dB) | Import .PLT 2D...

Txantgain (dB) [ 17.50 | Import .FCC...
Import .ADF...
Import .MSI/.PLN...
Add .MSI/.PLN...
Antenna database = 741784_1855_X_CO_P45 Import all .MSI/.PLN from folder...

Rxantgain (d8) [ 17.50 |

Diameter or size (m) [g.10 |/... Aperture (%) [ 1.50 i Export .PLT 2D...
Crossover distance between near and far fields (m) | 9,23 Expost PLT 30.

Continue

ATDI | Critical Communications / RailComms



Massive MIMO & Beamforming (3/3)

Numerology

(®) 0: 15 kHz - 20 to 275 RBs
(O 1: 30 kHz - 20 to 275RBs
(O 2: 60 kHz - 20 to 275RBs
(O 3: 120 kHz - 20 to 275 RBs
(O 4: 240 kHz - 20 to 138 RBs
(O 5: 480 kHz - 20 to 69 RBs

RB[275 | SC|[3300 |

ATDI | Critical Communications / RailComms

. Tx/Rx parameters: 1 c0000001

General Patterns Channels Site  gNB

Type (0) Signal (104)
Tx/Rx A (0) | 56 TDD (104)

Threshold

Cov. threshold (dBm)
Rx threshold (dBm) [ 102 upd...

KTBF (dBm) | g2 calc...

) C—

Max DL UE (kbps) | 294265,13

. <
Max UL UE (kbps) | 314795.25

Txbandwidth (¢) [60000.00 |
Rx bandwidth (kHz) %

Modulation (10)
v | 256-QAM (10)
Options
Floor offset
Handover |g dB

Neighbour list

PHY_GRP_ID | g

PCIMODN [

Activity (pc) | 100 | ul.d | 100

NFD / TS-RIF

~

Power channel settings

% Ref. signal [ 3 g4g
% xPDSCH | 95,152
DL/UL ratio {pc) | 70,00

MNumerology

: 15kHz - 20 to 275RBs
30 kHz - 20 to 275 RBs
0 kHz - 20 to 275 RBs
20 kHz - 20 to 275 RBs
40 kHz - 20 to 133 RBs
: 480 kHz - 20 to 69 RBs

RB | 275

5C | 3300




Reflections in tunnel i Multi-Path (3D reflection)

Multi-path reflections

3D reflections

Refiection dist. limit (M) | 20000

Blevation filter > (m) | g
Default coeffident oo
* Lambertian: diffuse and partial specular for Rough surface computing the
field strength received on all points of the simulation area considering the
reflected signals contributions.

calcudator

ATDI | Critical Communications / RailComms

. 3D reflection settings

Reflection method

() Lambertian: dffuse and partial specular - Rough surface

(®) Specdar /Ray-tracng - Smooth surface only

Frequency MHz

Roughness height (cm) |

Rayleigh roughness criterion
Surface & smooth if Rh < criterion
Ray-tracng is not applicable for rough surfaces

Parameters
Maximum delta TOA for constructive FS (usec)

Margin required if DTOA is exceeded (d8)

425.00

1.00

Synchronization threshold (dBuvfm) | o

Threshold

Samping 1/ |

Blevation fiter >

(1) Should be 3 to 6 dB below threshold




Coverage analysis (1/2)

HTZ provides coverage simulations and other network analyses such as:
- TX/Rx UL/DL coverage

- 3D coverage

- Composite coverage

- Best server and best activated server coverage

- Site overlapping

- Simultaneous server and channels map

Figure 127, best server, terrain obstruction from site 338

- Differences between sites

ATDI | Critical Communications / RailComms

Figure 128, profile from site 338 to pixels with low coverage




Coverage analysis (2/2)

Example: Notion of deterministic predictions RX antenna height

1.5 m height

o 160 iz UTE]
)

b

10 m height .+ '
11196 KM2 ; ’(“\‘ /7 I

Rx Fuight

- £y
\\ o 1/
I 8
2| w\,, ‘:,“
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Coverage Overlap Analysis
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Indoor Tunnel Coverage

Tunnel (Pure indoor) i engraving

The walls of the tunnel are modelling; reflections calculated as well. The entire tunnel coverage can be attached
to one object (e.g base station or repeater) and loaded in outdoor model.

ATDI | Critical Communications / RailComms




. Physical Layer Cell Identities (from neighbours)
Max physical cell ID | 594

Max number of sector(s) | 3 Compute

Align station color (1-12) to PHY_ID [ ]
Maximize PHY_ID usage []

Use station neighbour list E

ATDI | Critical Communications / RailComms

Group stations
none
) If same Network ID
If same site code

(_) If same coordinates

Co-site distance <= | g.gp m

[C]check only

KTBF (dBm) | -g2 calc...

L N C—
CliregN=0N=1 | -127,0| / |-127.0

Max DL UE (kbps) | 294265,13

<
Max UL UE (kbps) | 314795.25

Txbandwidth (42) [ 60000.00 |
Rx bandwidth (44z) [g0000.00 |

Modulation (10)
v | 256-QAM (10)

Options

Floor offset

Handover | g d8

PHY_CELL_ID

0
PHY_GRP_ID | g
o ]

PCIMODn |

Activity (pc) [ 100 | ul.dl

Handover | dB

Meighbour list

—
CI—

PHY_CELL_ID [
PHY GRP_ID [
PCIMODn | g

gleroiogy
: 15 kHz - 20 to 275RBs

30 kHz - 20 to 275 RBs

: 60 kHz - 20 to 275 RBs
: 120 kHz - 20 to 275 RBs
: 240 kiHz - 20 to 133 RBs

480 kHz - 20 to 69 RBs




Auto Cell ID and neighbour planning (2/2)

ATDI | Critical Communications / RailComms

File Map Coverage Microwave Multipoint

Network calculation
Network interference
Network planning
Network analysis
Network report

Traffic

Handover

Station candidates
Station polygon

Search sites

Coverage modification

Subscriber Satellite Radar Localization

.rl

Neighbour calculation...

Handover map...

Neighbour report...
Create links between neighbours

Neighbour list...

- Neighbour
Handover margin
Default handover margin
LTE <->LTE
3G<->3G
GSM<->DCS :

GSM<->GSM

Handover margin values:
255=from Tx/Rx station
If linked stations, margin from link parameters

Rules

Stations with same site code are neighbours [_]

Co-ocated stations are neighbours

If delta azimuth <= 1 360 | deg
Minimum handover surface (km2) ‘ 5.0000 |
0=1 pixel minimum ——
Maximum distance between stations } 7098.0
(0=from attached coverage) ! -

Order by nearest neighbours [

Palette... Station list... DB station...

Save... Load... IRF...

Neighbour candidates are:
(® activated stations
(O deactivated stations
Oal
[] 7x having NetID/BSC/RNC:

[[Jintra BSC/RNC/Netid
[[J 7x having same frequency
[[JTx in DB station only*...

Options
Default

Wanted threshold | zuto
3G

RSCP threshold [ 95

4G 56

‘dBm

RSRP threshold [.115

KTBF (g9 |

Rxgain [goo

Delete coverage cache...™™

[oc 1]

*Perform listing only. Do not change station neighbours. **If distance or project changes




RSRP/SINR/Throughput analysis

> -105 dBm

> -80 dBm
> -75 dBm

> =70 dBm
> -60 dBm

RS composite

RS probability...

RS best server

RS overlapping

RS simultaneous servers

RS simultaneous server - delta...

Servers ‘ ‘ ; d 5 § (O SNIR (XPDSCH)
' X ' | (@ SNIR (PDSCH)

il (O SNIR (PBCH)

Div (Transmit Diversity) - MISO

|_|Single Antenna Port (SISO or SIMO)

(ORSRQ

- -~ _——

o

MIMO adaptive switching modes
Spatial Multiplexing
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RSRP/SINR/Throughput analysis (2/2)

A Vendor independent approach to throughput calculations

A 3GPP compliant throughput assessment
A Support for TDD/FDD, LTE & NR

ATDI | Critical Communications / RailComms

. Attenuated and truncated form of the Shannon bound

Implementation losses

DL UL

III
Max bitsHz | 5,00 6.00
Number of layers | 2 1 '

Attenuation factor (3) | g.50

Throughput (bps/Hz) = a.5(SNIR).Layer(s)
S(SNIR) = log2(14SNIR) bps/Hz

a = implementation losses

[] smart antenna discrimination
Thresholds: -115 dBm RS

e switching modes (AAS):

ICIC enhancement

OK

Cancel
GSM

TETRA

HSDPA TDD

E-UTRAFDD

E-UTRATDD

NR

RPMA

Adaptive Modulation and Coding

Shannon bound

Continue




A Generate traffic scenarios
A Generate subscribers or import existing subscriber database

A Assign traffic profiles (handsets)
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Traffic and QoS prediction simulation (1/2)

Support for multiple scheduler configurations
Model base station load

Model smart UE antenna

Support for AAS BTS antenna

T o To o

ATDI | Critical Communications / RailComms

. Parenting 4G/5G

Parameters

IRF mask (dB)
RSRQrequired [.1g db [Mused 50 [Jused
SNIR x/PDSCH required | g

| dB 0 [used 50 [used
[Jused [Jused
40 [Jused 0 used

Thresholds | ;15 dgm RS fauto 5 [Jised . [ Jused
Thresholds: [used 0 [used
DL: RSRP threshold for RS and Rx sub threshold [Jused

for RSSI [used
UL: Base Station Rx threshold - -
Dused [Juse mask as fiter

ICIC enhancement | 3 l dB

Activity factor weighting [IRF-10.log(activity)] . [Jused

Smart antenna discrimination
IRF from tables (ETSI 38, 14, 13, 23,
[[]24.5-26.5 GHz and IC 16 kHz BW: 150, 450,
850 MHz), IEEE 802.11/802. 16

[J1RF from NFD matrix ] IRF from Tx/Rx C/1

Throughput vs SNIR...

Max distance calculation. ..

CMHorVv:3db
protection except if
global XPD=0

Options. .. Station list... OGlebalxpp 1 |dB

Load... Save...
Rx bandwidth / Tx bandwidth

Schedulers
(O MAX_SNIR (4G/5G)
Round Robin (RR)

Proportional Fair (PF)

MIMO adaptive switching modes (AAS) (1)
[ single Antenna Port (SISO or SIMO)
Tx Div (Transmit Diversity) - MISO
Spatial Multiplexing

[ MUMIMO (Multi user MIMO)

(1) BS antenna must be set to AAS

DB subscribers...

[ o ]




Record Subscriber # Address infol Info2 Station # Callsign Group code Wanted Power (dBm) RSSI (dBm) RSRP (dBm) PUSCH (dBm) RSRQ (dB) SNIR PDSCH (dB) Gain (dB)

adr1 7 <000... 0.3 -39.8 75.5 68.1 -11.3 11.9 18.1
adr2 7 <000... -22.2 22,1 -57.4 -50.0 -10.9 18.6 18.1
adr3 10 <000... 48,5 481 836 76.2 11 14.2 18.1
7 c000... 42.1 -41.3 77.3 69.9 116 9.7 18.1

7 €000... -20.7 20.7 -55.9 8.5 -10.8 24,0 3.0

10 €000... -46.2 -45.9 814 74,0 -11.2 13.5 18.1

g <000... 49,9 48,5 85,1 7.7 122 7.3 18.1

10 c000... -53.5 -57.9 83.7 -119.6 11.4 11.4 18.1

10 €000... 43,9 3.1 79.1 717 -11.6 10.0 18.1

8 €000... -50.3 9.2 -85.5 7.1 -12.0 8.0 18.1

Connected 8 c000... -38.3 -37.9 -73.5 -84.7 -11.2 13.6 18.1
10 ¢000... -60.9 -58.2 -96.1 -88.6 -12.7 5.5 21.1
20044 2 €000... -56.8 -53.8 §7.6 815 13.7 3.2 6.0
20174, <000... -53.5 52.8 88,7 -119.9 -11.5 10.7 18.1
4071656, c000... -71.2 -70.0 -106.4 -122.9 -12.0 8.0 18.1
000, < €000... 4.1 476 79 728 113 123 6.0
<000... 7.8 7.8 43,0 -35.6 -10.8 33.6 3.0

€000... 51,2 512 86.4 115.4 10.8 33.0 3.0
c000... -55.1 52.0 -85.9 79.8 -13.9 2.8 6.0
€000... 32.1 -30.5 £7.2 85.4 12.4 6.5 18.1
<000... -38.3 -38.0 73.4 66.0 111 14.8 18.1
€000... 249 £0.1 5.7 27.5 3.0
c000... 43.2 7.7 712 15.3 18.1

€000... 44,9 82.2 -74.8 5.0 211
51, A
I 11 ] s}gggi <000... -11.4 43,3 40.9 6.1 18.1
‘ 000... -38.2 0.7 63.7 10.1 6.0
:
100.42

Listing...
QoS network (pc): 100.34 i

Connected vs Connectable: 83 / 83
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Statistics  Spectrum
Map
Monte-Carlo

Coverage

Database

Object Report Tools

Uplink C/N map...
Uplink SNIR map...

PUSCH throughput map...

PUSC sector loading...

MIMO beamforming coverage...

ATDI | Critical Communications / RailComms

. Uplink troughput map - PUSCH

[] Global noise rise method
Moise rise (dB) 3,00

C/N map

C=wanted signal

N=Base station ktbf+Global noise rise+1
I=Interference from other activated BS

Subscriber distribution method {monte-carlo)

[]selection: 1 sub / enodeB (random)
[Jrerform parenting on best server

C/MN map

C=wanted signal

N=Base station ktbf+I

I=Interference from parented subscribers and
from other activated BS

ICIC enhancement | 3 dB

RSRP Threshold -115

D Listing

Station list...

Clutter selection

F Open

L

P

3 [AMean Urban
-

o

=

a

5

9 [Asuidings

All dutter

|F [] Industrial
F [v/] Forest/vegi
12 [Faiport
|§ [/] searydro
mf r—
E [1Road

16 [Fstreet

17 Mrai

No dutter

E [/] Scattered trees
g

Parameters...

DEM selection (m)
min | 0

max [ 550
Grid | 2

MIMO adaptive switching modes (AAS)
[Isingle Antenna Port (SISO or SIMO)
Tx Div (Transmit Diversity) - MISO
Spatial Multiplexing

MIMU-MIMO (Muiti user MIMO)
enodeB antenna must be set to AAS

Usable RBs (UE) |5 |

Set to 1if no 4G/5G

Cancel




Handover Analysis

i Handover area

/— Field Strength
/— Threshold

-y

' Coverage overlap

4"

E Handover K

Figure 143, Concept of handover map in ICS telecom

5 dB is set as handover margin, ratio between RXLEV1 and RXLEV2

ATDI I Critical Communications / RailComms Figure 178, handover analysis for sites SPWC, m6886563& 423




Correlations and Model tuning

Measure | Statistics Spectrum  Database Object

Correlation

Import drive tests

Tuning

TEMS trace

Lee criteria...
neter...

A Auto apply of Lee criteria to extract slow faded signal measrement converter..

Tems converter...

A Lee criteria

Raw measurement file converter |

Measurement file name:

N 50 samples over 40 lambda [ gy ===

Format: X[separator]Y[sep]GPS time[sep]GPS fix[sep]Nbsat[sep]Hdop[sep] |

Record #[sep]Sample Nb[sep]FS(10 max)<CR> Cancel

N EXtraCt SIOW faded Slgnal Separator VX and Y are inverted

Coordinate code [¥] Interpolate GPS coordinates

N Increase confidence ‘ Maxinum requred HOOP 20

Min range (measurement) -114 Max range (measurement) -21

Reference frequency (MHz) 1855.00000

Sample gap dist. (wavelengths) 40

Sampling rate  sp || Slow mode (heratic measurement order)

ATDI | Critical Communications / RailComms




Correlations and Model tuning

Measure Statistics Spectrum Database Object Report Tools Help

Correlation

Import drive tests

A Correlation analysis between measurements and prediction s Hessurements.

TEMS trace Subpath methods...

Lee criteria

A Tune signal absorption per environment Ee— b

Raw measurement converter...

A Tune signal penetration per environment Tems converter..

Generic filtered values + correlation...

A Benchmark multiple propagation theories B Clutter toning _generic format

Clutter selection (tuning)
Measurement file name:

’7 F Open |ﬁ Industrial lutter height tuning (diffraction factor)

- Min diffraction factor | g 5

Input format: 1 11 [/ Forest/vegi
e — Max diffraction factor | 1 5
Generic format: X[separator]Y[separator]FS<CR> P 12 e

Step | 0,1

(O Clutter attenuation tuning (dB)

Separator 1% and ¥ are inverted
! Pl_ Mean Urban |E [] SeaHydro

Coordinate code | 4p
F F EA Highway

Conversion to dBu (+dB) | o f
—| }5_ %] |E M road

Min range (measurement) | -10000

Min attenuation (dB)

Max attenuation (dB)

Max range (measurement) [ 10000 upd F %] |E A street Step (d8) 1

Threshold (dBu) | 10,00 17 || Rai -
P_ |_ EdRai O Clutter attenuation tuning (dB/lam)
Rx antenna height (m) [ 150
F |E [ Scattered trees Min attenuation (dB/km) -0

Number of values [ g upd F Buldings |§ Max attenuation (dBjkm)

Step (d8) | <o
[[]set dutter to 0 on measurement point All dutter No dutter

[OMove measurements on vector line

Station list...

ATDI | Critical Communications / RailComms



Correlations and Model tuning

Prediction vs measurements: Standard deviation of error: 4.9 dB, 89% within 6dB & 96% correlation factor

Correlation

Freq. (MHz)  1855.00 % <6dB 89.37 Stddev. (dB) 4.91 . err, s Correl factor 0.96

ATDI | Critical Communications / RailComms

115.0

Measure (dBu)
50.0

Prediction (dBu)
50.0

Delta (dB)
0.0

Distance (m)
1220.0

dist max: 3924 m

* pixels around

measure
I ediction

Site % <6dB STD (dB) Average error (dB) Correlation factor

Sathiel
Seven Hills St Not used for tuning see next section
Mot
Suthernd
[Gooms | wi] asr] o] oo
Wolstonecrar
W Vioy mm| as|  om| o]
West Ryde Not used for tuning see next section

Table 11, correlation results for the test sites




Correlations and Model tuning

Measure | Regulation Da Object Reports Too

i = _
i Correlation But/m [ ; {<PRO - PRM: Me: z ‘ :
+ Sami\Etudes\Projet COMOP\Mesures GET\ZE Paris\ZE Paris,PRO - PRM: Mesures GET 1800 - EWF: Etat des fieux+RDP 0.6V

Import ¥ le Statistics Path DF Measure Regulation Database O T

i of 7 dBuv/m s DG oo PO 000000ce:
Tuning T e ;

TEMS trace Level...

Cdometer.. Handover.. N /a b By .
Raw measurement converter... Time of arrival..

. —_— an Mobile power..

Localize station from measures...

Server; 28 - LTE-14
Distance (m): 17353
83.00 (aBu/m)
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Train path analysis
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