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Executive summary

¢KS ¢2N] LIO1F3AS 2to Ay .w!+9 KlFla (g2 202S00A0DS:
scenarios into simulation test platforms; and then 2) produce evaluation results for demonstration

and dissemination of beyon8iG (B5G)technologies found vahable. This deliverable D3,Qvhich is

edited at the earliest stage of the work package Waig)s atdescribing the various models or

software blocks that will banterfaced or integraked, as well ashe evaluation plan.

The integration and tests rely on two new simulation platforms that will produce the evaluation of
our technologies performanda B5G scenarios anehder realistigohysical conditions.

T A network design simulator(S_5GConnect) gathers 3D geographical dde&derministic
propagation models and system simulations for the calculation amalysisof KPIs (key
performance indicatorsyelated to the 5G mobile access network and lasite wireless
backhaul. It also embeds automatic design features (sites sateatid configurations) for
the optimization of various kinds of network topologies. The simulator is enriched by the
integration of subTHzchannel models and modulations developed in BRAVE work package
WP2. It is also extended with new indoor capabilitees new automatic design algorithms
devoted to the joint access and wireless backhaul optimization. This simulator will be
employed in work package WP3 for the assessmemsegéral networks that operate in the
subTHz spectrunoutdoor mesh lasmile backlaul, fixed wireless access (FWA), hotspot,
andshopping mall broadband netwaosk

1 Alink budget simulatorgathers or calculates all components of the system link budget,
based on the considered scenario (e.g. range, phase noise and propagation conditins) a
the system performance indicators (typically BER versus SNR). It facilitates the comparison
between different system configurations or techniques; verifies the feasibility with current
subTHz transmission technologies, and the respect of existing teguleand finally,
evaluates what would be the power consumption by the proposed system. The link budget
simulator is completed with two interfaced lid&vel simulators, which have been previously
developed in work package WP2. They are implementing as#saing MIMO systems
(Multiple Inputs Multiple Outputs): first, combined with GSM (Generalized Spatial
Multiplexing), and second, based on nrooherent energy detection. Two scenarios will be
considered: lineof-sight (LoS) deviem-device (D2D); and ki&.

The abovementioned test platforms are integratinfigpur different PHYayer innovations elaborated
in BRAVE work package WP2:

1. The proposegolar-modulation scheme (FQAM)is robust to medium and high phase noise
levels, which are expected to affect tlsibTHz RF chain. The performance of th3ARM
modulation has been evaluated under Gaussian phase noise and additive white gaussian
noise (AWGN) channel to produce the SBIR mapping tables that relate the achievable
spectral efficiencies (SE) to a reguirsignato-noise ratio (SNR). Those tables are integrated
in the WP3 test platforms, and applied in various scenarios.
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2. A MIMO system with noncoherent modulation and simple energy detection at the
receiveris a convenient way to transport multiple streanand combat the phase noise
effect, along with limited complexity. The PHY diekel simulator that was developed in
work package WP2 for design of the communication system and preliminary evaluation is
extended by plugging a basic ragicing channel snulation and realistic antenna radiation
patterns. Results will be fed into the link budget simulator, considering a D2D applications.

3. The Generalized Space Modulation (GSMas been identified as a promising solution to
reach high spectral efficiency thilower power consumption. The PHY Hekel simulator
that was used for preliminary assessment of this technology is enhanced in work package
WP3: made compliant with rayacing channel predictions; comparison of various
modulation schemes, includindhé conventional Spatial Modulation (SM) and alternative
Index Modulation approaches (IM). Results will be outputted towards the link budget
simulator to capture the performance of such a system in hotspot or D2D scenarios.

4. The assessment of subTHz commatian techniques requires the propagation channel to
be properly simulated, i.e. with realistic palbss, departure/arrival angles, frequency
response, MIMO properties and adequate relationship with the environmBatybased
propagation modelsfor both outdoor and indoor scenarios have been upgraded for the
considered frequenciedpr instance with exploitatiorof a streetlevel LIDAR point cloud.
Those models are employed in work package WP3 in two different ways, either by feeding
link-level simulatorgdescribed here aboveyith realistic channel datar by supporting the
evaluation and dimensioning of candidate subTHz network topologigs the network
design simulator S_5GConnect

The proposed subTHz technologies are evaluated on five differens&5t@rios. They are described

in D3.0 by their environment, range, mobility, considered antennas, frequency, transmit power, and
channelization (typically aggregation of 1 GHz individual channels). The scenarios implemented into
the test platforms are aoflows:

1 Outdoor mesh backhayin the network design simulatqr)
Fixed Wireless Accefa the network design simulatgr)
Shopping mallin the network design simulatgr)
Shortrange D2in the link budget simulatay)

Kiosk / hotspo(in both simulators)

= =4 4 =2

The integration work will last until the end of year 2020, while the evaluation studies will finish in
mid-2021, before being reported in Deliverable D3.1 due in September 2021. Note that many
integration tasks have been achieved already; the studdgarding the MIMO energy detection and

the outdoor mesh backhaul are under progress today; they witldrepleted by end of this year.
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1 Introduction

After definition of beyonebG scenarios and new spectrum opportunities in wpakkage WP bf

BRAVBroject [1] [2], elaboration of new models for ¢hsubTHz physical layes] [and design of
adaptedefficient waveforms (to be published in lated]) within work-package WP2, thproposed
solutions are demonstrated in woykackage WP3.

More precisely, the worpackage WP3 has two main goalrst, it consists in integrating the
building blocks developed wvork-packageWP2 for evaluation in a more sophistied and realistic
simulation environment. Second it must produce evaluation resultsto assess the feasibility and
interest of the proposed solutions and scenarios, but déed the demonstration and promotion
tasks. The wireless systems performancevisluatedbased ordifferent metrics: data rate, bit error
rate, coverageaange network capacity, and power consumptioBeside those two objectives, it is
also expected the resultand further developmerdin work-package WP3 allow for thefinement
of the waveforms initially designeid work-package WP.2

This document D3.0 reports about the software integration and evaluation plans, which have been
defined at the earliest stage of the woegackage. It relies on a precise analysis of the physical layer
models and most promising communication systems developed by the partners, as well as their
complementarities. It describes how those blocks can be efficiently combined, completed and further
tested toreliablyassessheir performance anduild convincinglemonstraton.

Section 2 explains the methodology that has been followed for the integratohevaluatiorof the
BRAVE innovation features.

Section 3 depicts the main innovations resulting from woakkage WP2, which have to be
integrated, i.e.

1 Model #1: Upgraded Volcano model for deterministic simulation of the subTHz propagation
channel,

1 Model #2:2ubTHz phase noise model,

1 Innovation #1: Polar-QAM (Quadrature Amplitude Modulationycheme robust to strong
phase noise,

1 Innovation #2:Energy detectioMIMO (Multiple Input Multiple Output)

1 Innovation #3:MIMO GSMGeneralized Space Modulation).

Those innovations are implemented either as a data generator (propagation and phase noise models)
or a physicalink simulator.

Section 4 introduces the two test platforms that will interface or integrate those innovations,
together withthe beyond5G scenarios:

1 Test platform #1: anetwork design simulatoS_5GConnect) gathers 3D geographical data,
deterministic propagation modeland system simulations for the calculatiand analysi®f
KPIs (keyperformance indicators) related to the 5G mobile access network anenldst
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wireless backhaul. It also embeds automatic design features (sites selection and
configurations) for the opinization of various kinds of network topologies.

I Test platform #2: dink budget simulatorgathers or calculates all components of the system
link budget, based on the considered scenario (e.g. range, phase noise and propagation
conditions) and the systemerformance indicators (typically BER versus SNR). It facilitates
the comparison between different system configurations or techniques; verifies the
feasibility with current subTHz transmission technologies, and the respect of existing
regulation; and fially, evaluates what would be the power consumption by the proposed
system.

Thefive considerel test scenariosare described in section 5:

Scenario #10utdoor mesh backhaul,
Scenario 2: Fixed Wireless Access (FWA),
Scenario #: Shopping mall,

Scenario #: Shortrange D2D,

Scenario 8: Kiosk / hotspot.

a bk wbhPE

Finally, ection 6 explains how the various blocKgnovations, test platforms and scenarice)e
gatheredto form the three BRAVEntegrated demonstrators:

1. Demonstrator#1l: MIMO D2D (Device to Device),
2. Denonstrator #2: GSM D2D and hotspot,
3. Demonstrator#3: Access and backhaul network design.

The shape of those demonstrators can be summarized &aahiel.

Tablel : Blocksof the three BRAVEemonstrators.

Demonstrator Innovations Models Test platforms ~ Scenarios
#1 ¢ MIMO D2D #2 #1 #2 #4

#2¢ GSM D2D #3 #1, #2 #2 #4,#5

#3 ¢ Network design #1, #3 #1, #2 #1 #1, #2, #3, #5

Section7 gives the timeline for the integration and evaluation works until September 2021.
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2 Methodology

The schematic of the methodology considerediork-packageWP3 is depicted in Figure 2 Birst
based on e constraints identified irwork-packageWP2, few PHYlayer technologies have been
identified as potatial candidates to address stiblz spectrum requirements. The choice of PHY
waveform mainly depends on the target spectral efficiencywval as RF constraints. When phase
noise component is high, a naoherent modulation would be preferred. The complexity of the
digital processingas well as the associated power consumption of deyiaes also parameters to
take into account.

From a system level perspective, key parameters indicators can be extracted froRHMayer
model such as throughput vers&@gnalto Noise RatidSNR) for various lewsbf RF impairment or
antenna patterns. Then with the channel prediction and linlddet, coverage mapas well as
deployment strategies could be discussed or optimized according to various scewato
optimization criterion.

Constraints: Geometrical approach:

Complexity =  Raytracing
. Robustness to RF impairments d
(PAPR, Phase noise)

= Environment models including
foliage model

KPI:
=  Throughput vs SNR

Shopping mall KPIs
Outdoor mesh backhaul =  Coverage

Device-to-Device =  Throughput
Fixed Wireless Access = Required power
Indoor hotspot = Energy consumption

Figure 2.1 Proposed methodology for ereind evaluation

DisseminationPublic 8



WB beyond 5G
RAVE Del.3.0 ¢ Interface specification

3 Modelling of the sub THz Physical-layer

The follawing tables describe the five maresults of work-package WP2hat will be integratedin
the demonstration platformsThe description indicates thekey benefits, the applicable scenarios
and how they will be used in the demonstratiofge can distinguts between two PHYayer models
and three PHayer technical innovations.

Table2: Vocano propagation model (model #1).

A Outdoor & indoor rastracing model by SIRADEL.

A Extension of theommercial Volcano Urban model, which is today
employed for cellular radiplanning or propagation channel simulation:
up to 90 GHz.

Description A Extension up to 200 GHz, with extrapolated material properties,
increased losses.

A Support for highly detailed geographicigital environment (LIDAR poin
Of 2dzRTX dzNBFYy FdzNYyA(GdzNEZI Ay R22NJ

A [3], section2.

Implementation A Available as a compiled library.
details A Integrated in S_5GiDnectsoftware
A Generationof realistic pathloss values, MIMO coefficients or other

. wideband channel propertiegor assessment gfroposed BRAVE
Expected usage in . . .
BRAVE WP3 studies waveform/modulationschemesn link-level simulators
A Prediction of the propagation data for evaluationsabb THzetwork
deploymentse.g.optimal topologiesor inter-site distance.

. A Performance assessment and demonstration of the proposed PHY
Key benefits : . - h
solutionsand applicationgrom very realistic propagation data
A Mobile access for outdoor or indoor hotspateas
Applicable scenarios A  Lastmile backhaul (backhaul/fronthaul)
A FWA

DisseminationPublic 9
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Table3: Phase Noise (model2}.

A Srong phase impairments due to thEoor performance of high
Descrintion frequency oscillators
P A Impact of PN omeceived symbols by a zemean Gaussian distribution
A [3], section3.
Implementation A Analytical formulation: Gaussian noise in phase domain.
de'?ails A Three different levetsnone, medium(with noise floor-110 dBfor 1 GHz
channel) and high(-100 dB)
Expected usage in A Consideration of medium or high PN levels in all PHY simulations an
BRAVE WP3 studies network demonstrations
Kev benefits A Performance assessment and demonstration of the proposed PHY
y solutions and applicationsased orrealisticRF chan impairments
Applicable scenarios A Al

Table4 : PolarQAM modulation (innovation #1).

A Optimized modulation scheme achieving robustness over PN channe
_ A Modulation points are distributed onircles.
Description < .
A Modulation parameters are adapted vs. PN level and SNR.
A [6][3], section4.
A Implemented in a PHY simulator including FEC, and Phase noise chz
model.
A Available as a compiled Matlab function.
A Supported configurations:
Details 0 Phase noise: lownedium, strong.
o QAM modulations: QPSK up to 256QAM.
0 P-QAM modulations: up to 6 bits per symbol.
o FEC:5@GIR LDPC.
A Extraction of PER vs SNR tables.
A Consideration osubTHZ2N constraints.
A Estimation of thdink budget,expected coveragehroughputand system
Expected usage in power consumption, based on different PN models.
BRAVE WP3 studies A Production of PER vs SNR to be integrated into network simulations.
A Through code share, performance comparison of different modulatior
can be easily performed.
Keybenefits A Elaboration of highdata-rate subTHzystems.

Applicable scenarios

Backhaul/fronthaul.

DisseminationPublic
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Table5: Energy detection (innovation #2).

A Combinng spatial multiplexing witEnergydetection €D receiversfor
Description together highdatarate and PN robustness.
P A Each spatial streammansmitted with a directive antenna on a LoS
channel
A Implemented in a PHMyerlink simulator includingion-coherent
Implementation detection and MIMQquadratic receiver.
details A Available as a compiled Matlab function.
A Extraction of PER vs SNR tables.
Expected usage in A E;t,:lr:?gg:;jf r;r;)?ilgrlf budget,expected coveragaghroughputand system
ERAVEIPE SlElEs A Production of PER vs SNR tdritegrated into network simulations.
Key benefits A Elaboration oféw-complexitylow-power subTHzsystens.
. . A Kiosk
Applicable scenarios A D20

Table6 : MIMO GSM (innovation #3).

A GSM: Index Modulation (IM) using tepatial domairas the index.

A Spatialmultiplexingof different symbols simultaneouslike in
conventional MIMO systems, but from the selection of a subset of
transmit antennas.

Description

>

Implemented in &H¥Ylayer link simulator including necoherent
detection and MIMO transceiver.
Supported configurations:
Implementation 0 MIMO setups withwithout Rx diversity: SM, GSM
details o Phase noise: low, medium, strong.

0 Modulations : QAM, )AM, DPSK.

0 GSM modeConventionalGSM, Enhance@SM(Adaptive)
Extraction oBER vs SNR tables.

Estimation of thdink budget,expected coveragehroughputand system
power consumption.
Production of PER vs SNR to be integrated into network simulations.

> | >

Expected usage in
BRAVE WP3 studies

>

Elaboration of subHz systems with high spectral efficiency, under pov

Keybenefits . .
consumption constraints.

Kiosk.
D2D
All scenarios suitable for MIMO communication

Applicable scenarios

> > >
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4 Test platforms

4.1 S _5GConnect: Network design simulator

Facing newchallenges with the rise of 5G, the coming of 6G and a growing level of densification,
telecom operators are looking for efficient network planning solutions to guarantee best quality
service to their customers, in any type of environment and configuratitmthat perspective, Siradel
provides comprehensive solutions, combining 3D digital maps, advanced propagation models
(leading radio propagation model, Volcano) and simulation software to optimize any network
planning and deployment, including 5G, FWOA,, etc.

Used worldwide by several stakeholders in the telecom sector, Siradel radio planning software
S_5GConnedtelp telecom operators and regulators, equipment manufacturers and utilities as well
as infrastructure managers address current and futuomnectivity challenges with powerful 3D
tools. BRAVE demonstrations and design assessments will be conducted in a prototype version of
S 5GConnect used a test platform.

The S_5GConnect software embeds the deterministicoimse Volcano model. Based on df

8SINAEQ SELISNASYOS Ay 3AS2RIGF LINRBRAzOGAZ2Y | YR NI R
propagation models combining high accuracy at the best computation speed, with recognized
robustness and reliability to cope with operational environmentsicano is computing multiple
propagation paths based on the ray theory and UTD approximation, for any kind of environments i.e.
including rural, urban, campus and indoob].[ Volcano is providing enhanced vegetation
discrimination, as required in ttimeter and above frequencies3]. Use of LIiDAR point cloud data

offers the necessary level of details regarding foliage represemtatibich enables users to obtain
highly-accurate and realistic propagation under, through abd\ge tree branches and foliage.

N -

\Tlf =
::‘7’

Figurel: S 5GConnect test platformPoint-to-Point prediction & FWA alondgacade coverage.

In addition to advanced vegetation discrimination, the Volcano version released in late 2019 has
improved its computation time by morthan 80% in presence of highly detailed point cloud data.

DisseminationPublic 12
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With this optimized ray tracing calculation method, the BRAVE partners will be able to run accurate
subTHzoverage predictions in no more than a few tens of minutes.

S_5GConnect simulates with maxim accuracy several wireless link technologies (mobile access,
FWA, and wireless backhaul) at various frequencies (sub6&26G1Ez and millimeter waves) and

any link visibility (LoS, nLoS and NL0S). Typical simulation outputs are: RSRP, RSSI, SINR, and
throughput, either computed at a particular link, or from a nHittk network, or from over a

coverage map.

The calculation methodology can be briefly summarized as follows:

1. Prediction of propagation losses and nytths.

2. Application of the antenngadiation mask (possibly with beamforming or automatic antenna
alignment).

3. Computation of the interference and SINR.

4. Mapping to the spectral efficiency and throughput.

3]

B

DL received

power (dBm)
= Tl
t,,’
5%
. b
s ko
\i =
ATV

Figure2: S_5GConnect test platformDesign of a wirelesmesh backhaul network.

S_5GConnect relies on a 3D engine that allows the user to visualize the geodata along with the
simulation results, easily navigate and analyse the radio conditions. In particular, the display of LIiDAR
point cloud is permitted. Theoftware supports several geodata formats that are employed in the
radio-planning world { KI LISX a | L)L Wi Ppaticula’ forCthe BRAVE project studies, the
geodata will be directly provided by SIRADEL.

S_5GConnect is today devoted to outdoor netwdésign, but will soon integrate indoor capabilities,
which will be exploited for BRAVE investigations.

DisseminationPublic 13
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S 5GConnect is providing several solutions for automated network design, which are applicable to
various scenarios e.g. sma#ll network, pointto-point backhaul, or FWA. Automated design
consists in the optimization of the physical infrastructure and site configuration, along with
minimization of the cost, and achievement of a given connectivity target typically a ratio of
connected user terminals. Sucsolution will serve the BRAVE demonstration by assessing what
network density is required for providing a particular service.

Following integrations will be part of the BRAVE waakkage WP3 activities:

Volcano propagation model at subTHz frequen¢segtware integration)

Mapping tables from subTHz modulationd INE 2 SO0 Q&; O2y FAAdz2NI G A2y 0
BRAVE scenariosLINE 2SO0 Qa; O2y TAIdzNI GA2Y 0

Automated design for target BRAVE topologies, e.g. for joined wireless backhaul and access
optimization(softwareintegration or interface)

Simulations will be run from the S_5GConnect GUI, but could be as well driven from an external
batch or a Matlab script if more relevant.

=A =4 =4 =9

4.2 Link budget simulator

Different tools are prepared in Excel shetd allow evaluatingjuickly the tested systemsThe tools
arelistedin the following:

9 Achievable ignatto-Noise Ratio (SNR¥timatoraccording toscenario parameters.

91 Data rateestimatorwith channel aggregation and/or bounding based on achievable system
spectral efficiencyt the achievable SNR

9 Link budget and power consumption estimatbased on therequired SNR to achieve a
target performance

The firsttool is to estimate the achievable SNR based on RF properties (antenna gain, cable losses,
available transmit powerS (i Qétdronment ancchannel characteristic§ Rx separation distance,

f 2 & 2)SEhis toot can be configured to deduce thaalistic achievable SNR for any scenalip
updatingthe different parametersighlighted inFigure3 while takinginto considerationthe recent

values in current technologsuitable for thestudied scenario Forexample the achievableSNR fola
downlink indoor scenario (Kiosk, D2D, office hotsp®t20.19 dB using the parametdrsFigure3

when thedistancebetween transceivesis 8 manda 0 dBUEantenma gainis considered

DisseminationPublic 14
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o '” beyond 5G
0 Achievable SNR estimation |’ RAVE

CentraleSupélec

| Fill Parameters in yellow to deduce achievable SNR
NB: All parameters in grey are calculated automatically
Parameter Name Value Parameter symbol and equations
Carrier frequency (GHz) 145.00 fc
Distance (m) 8.00 d
Bandwidth (GHz) 1.00 BW
Transmit Power (dBm) 14.00 Pt
Transmit antenna gain (dBi) 25.00 Gt
Tx Losses 1.00 Ltx
EIRP (dB) 38.00 EIRP=Pt+Gt-Lix
Free space propagation loss (dB) 93.74 fspl=20 log(4pi*d*fc/c)
Other losses (gas attenuation,shadowing, fading,...) 0.00 Lchannel
Total Channel losses 93.74 Lchannel_total
Rx losses 1.00 Lrx
Receive antenna gain (dBi) 0.00 Gr
Rx Signal Level (dBm) -56.74 RSL=EIRP-Lchannel_total-Lrx+Gr
Thermal noise(dBm) -83.93 Nthermal
Noise figure 7.00 NF
Noise floor -76.93 Noise floor= NF+Nthermal
Achievable SNR (dB) 20.19 SNR=RSL-Noise floor

Figure3: Excel Sheet for achievable SNR estimator

The second tootalculategshe maximum data rat@ccording to the system spectral efficier(€ygure

4). This spectral efficiencyshould considerthe achievable SNR of thstudied scenarioand the
required system performance. In addition, the data rates are deduced if channel bounding and/or
aggregation is usediwo different total bandwidths are considered in this tool:

1 Upto 12.5 GHz by channel bounding of equal channel bands, this total bandwidth is available
around the 157.75 GHz.

1 Upto58.6 GHz by channel bounding and aggregation of egaahel bands, this total
bandwidth is available between 90 GHz and 200 GHz.

T .
% Data rate with channel bounding and aggregation |B beyand 5
|

CentraleSupélec (using system spectral efficiency)

Fill Parameters in yellow to deduce data rate

Channel Bandwidth (GHz) 2.00

Percentage of usefull BW 0.83

System Spectral efficiency 12.00

Data rate per channel (Gbps/channel) 20.00 Nb of Channels| Total Aggregated BW (GHz)
Data rate with channel bounding (up to 12.5 GHz) around 157.75 GHz 120.00 6.00 12.00

Data rate with channel aggregation and bounding (up to 58.6 GHz) of equal channel bands

between 90 GHz and 200 GHz 500.00 25.00 50.00

Figure4 : ExcelSheet for data rate estimation with channel bounding and/or aggregation

The last tool prepared in Excel sheefpicted inFigure6 estimates the required transmit powemd
Effective Isotropic Radiated Power (EIRP) according to the link budget and the required SNR to
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achieve the target BER performance. Moreover, this tool allowsotmhly estimate the power
consumption while taking into consideration theedkto-Average Power Ratio APR of the
transmitted waveformthat affects the Power Amplifier (PAJhis tool esimates these parameters
simultaneously for several systems (up to 6) under same conditions by using their requirdthENR
allows them to achieve ame performance and spectral efficien@nd thus it allows the comparison
of the following factors:

SystenLink budget

Feasibility of required transmit power in current technolagyich is in order of 10 dBm.
Respect tesubTHzregulations and standard concerniegRRmaximum EIRP is 40 dBm)
System power consumption

=A =4 =4 =9

M eyon
% Power Consumption comparison between different systems \M Lo
(using SNR, link budget and waveform PAPR) | RAVE
CentraleSupélec '

‘ Fill all Parameters in yellow to estimate the power consumption Conditional Formating:

i i Auto-highlight in red EIRP cells>=40 db
‘ NB: All parameters in grey are calculated automatically AZt:—h:th::h( :: :d o cei:>i10 1o db m

Color scale Power consumption:

Parsmeters System 1| System 2| System 3 | System 4 | Systam 5 | System 6] Unit Equations Lowest power consumption (green)-> Highest power consumption (red)
Required SNR 15.00 ‘ 17.00 ‘ 21.00 ‘ 24.00 | 27.00 3000 |dB
TR Noise Figure (NF) 10.00 d5 [remp tdegree 20
- 8092 dem ca 150
< 7092 [dBm | =NF:Nthermal 5
s 5552 5352 2992 4692 | 4300 ]| 4002 |dBm |=SNR+Noise Floor 2
Q
= 1 a8 *
[Rx Antenna Gain (G1) 5 dsi 2
—  |[Free space path loss (fspl) 8334 5 =20 log (4pi*d *fc/C)
2 IVapour i 128 d8/km o __
S oz 001 d8/Km
& [rainattenvaton (firrevelant set to 0) 0.00 d8/km _[11.78 dB/Km for Rain rate 22mm/h
[Total Path loss 85.95 48 | =fspldistance in Km*(sum attenuation/Km) 80 -
& [Required T EIRP 32.03 | 34.03 | 38.03 dBm |_
E =TotalLoss- Gr LeRx+ Ry_Level
E [Txtosses () 1 38
2 [ixantenna Gain (6t) 26 dBi
c
= |Required Pt 7.03 9.03 dBm |=EiRP - Gt +LcTx
|Waveform PAPR o 38 286 75 82 835 |d8
G [theoratical pA Efficiency (from Adjacent graph
E .8 laccording to the PAPR) 08 0.52 0.44 0.34 03 028 % = =
S g 1 3 B 10 12 )
& E|Power consumption per channel s = e G s 56985 |mw  |=pt linear/pa eff Peak-to-Average Power Ratio (dB)
§ E Total Power Consumption [ 001 | 002 0.05 0.12 0.27 057 |W =P_channel*NbofChannel Fig. 1. Linear amplifier theoretical efficiency limits. [1]
[ 3.00 11.87 16.59 20.71 24.26 27.56_|dBm [Lincartodem

[1] 5. L. Miller and R. J. ODea, "Peak power and bandwidth efficient finear modulation."” in
IEEE Transactions on Communications, vel. 46, no. 12, pp. 1639-1648, Dec. 1998

L

Figure5 : Excel Sheet folink budgetand power comparison estimation.

All thosetools require to fill the input parameters in the excel sheet (highéghih yellow inFigure3

to Figureb) according to the considered scenario and system configuration. Then, the tool calculates
the needed information accordinglyhe last tool Figure5) automatically highlights nedllowed or
not-feasible values

9 The equired Transmit Power (Pt) exceeds 10 dBm.

1 The equired EIRP exceeds 40 dBm.

1 The btal power consumptionis mapped to acolour scale from grae (lowest) to red
(highes).
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5 Evaluation scenarios

The five considered scenarios are described in followingseghions

5.1 Outdoor mesh backhaul

The outdoor MultiGbps wireless backhaul solution will be studied and demonstrated in two different
environments: a dense urban area with high vegetation density, i.e. San José city centre, as shown in
Figure6; and an industrial campus composed of a few streets having trees and bordered by office or
apartment buildings, as shown Kigure7. ThesubTHzodes arefixed andsupposed to be installed

on lampposts, or possibly on a building facade or a low rooftop.

Antennas are supposed to be highly directive and perfectly aligned. A medium transmit power is
considered, i.e. around 1 W. Freency is 150 GHLhannel bandwidth is 1 GHz, while channel
aggregation over several tens of GHz is supposed possible.

Theoutdoor ray-tracingsubTHzmodel is coupled with the-BAM modulation scheme developed in
WP2 in order to simulate the link achievalthroughputs, under medium PN level.

Several candidate positions will be identified in each environment; they will be used as inputs when
running an optimization design process where both the mobile access (at a lower frequency) and the
backhaul layer wlilbe predicted. Objective will be first, to demonstrate the ability of gwbTHz
technologies to deliver ultrhigh data rate with sufficient protection over the backhaul layer, and
second, to assess the required backhaul dimension for particular targets in the access network (i.e.
OF LI OAGes O2@0SNI3IST X0

DEL.

Throughput”
(Gbps/ch.) :

Throughp‘
(Gbpslch.g

O - N w A o
1

] 1
[z ‘ ‘.‘ .h T ey A "“ _ _o-i
(a) Dominanpropagation paths (b) Mesh link throughputs
Figure6 : lllustration of San José downtowscenariofor subTHzanesh backhaul studies
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(a) Top view (b) Propagation muHpaths between mesh
backhaul nodes
Figure7 : lllustration of the industial campus scenaritor subTHzmesh backhaul studies

5.2 Fixed Wireless Access

The Fixed Wireless Access (FWA) scenario will be assessadsifurban NortkAmerican

environment The considered network is composed sfibTHzaccess pointdocated on urban

furniture (dedicated poles, lampposts) or low rooftopsth a beamforming antenna. The whole

sector covered by the antenna is 120°, but each individual link is taking benefit digher gain

offered bydirective beams¢ KS dza SNJ GSNXAYLFfa 2NJ /t9Qa o/ dzaiz2yY
antennas installed on the fagade or rooftop of the buildings and houses, with as well beamforming
capabilities. The alignment between the antennaabes is supposed to be auhatic, i.e. based on

dedicated signals and communication protocol.

Figure8 : Example of a FWA prediction map.

A medium transmit power is considered for downlink, i.e. around 1 W. Frequency is 150 GHz.
Channel bandwidth is 1 GHz, while channel aggregation over severabte@siz is supposed
possible.

Theoutdoor ray-tracingsubTHzmodel is coupled with the-B®AM modulation scheme developed in
work-packagé/NP2 in order to simulate the link achievable throughputs, under medium PN level.
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