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Glossary of terms and abbreviations used

Abbreviation / Term | Description
5G NR 5G New Radio
5G gNB 5G g Node B
AAS Active Antenna System
BTS Base Transceiver Station
CENELEC Comité européen de normalisation en electronique et en électrotechnique
EBB Eigen Based Beamforming
FIA Fast Indoor Analysis
EMF Electromagnetic Field
FR1, FR2 Frequency Range 1, Frequency Range 2
GA GrantAgreement
GoB Grid of Beam
ICNIRP International Commission on Ndwonizing Radiation Protection
IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electroniénginees
MaMIMO Massive Multiple Input Multiple Output
MGS Madrid Grid Scenario
MMGS Modified Madrid Grid Scenario
OOB Out of Band
OFDM Orthogonal Frequency Division Multiplexing
PBCH Primary Broadcast Chrnah
PBCHDMRS Primary Broadcast ClmekDeModulation Reference Signal
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
RE Resource Element
SAR Specific Absorption Rate
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SINR Signato Interference plusoise Ratio
SS Synchronization Signal
SSPBCH Synchronization Sigré@Primary Broadcast Channel
SSB Synchronization Signal Block
UE User Equipment
PE Primary Element
RU Radio Unit
Uab Absorbed Power Density
TDD Time Division Duplex
TTI Transmission Time Interval
TP3D TIMPlan 3D
ZFB Zero Forcing Beamforming
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Executive Summary

Thisdeliverablés relevanfor the description and definitions of scenarios and paratodteiused in simulations
to analye the exposure distributigenerated bylassiveMultiple Input Multiple Output (MaMIMO)antennas
as used in 5@ewRadio (5G NR)AIl the aspects of the exposure evaluation are described:

1 Scenariosncludingasimplified modedf arealtown, an application scenario for mmwWaves and an indoor
scenario.

1 MaMIMO antenna models: represented as a set of radiation patterns radiating in different directions.

T User 0s acdharacterizdtiomo r k

The content of tis deliverableup to section §ormsthe basi$or performing simulations planned in task T3.4
to characterize the whdledy EMF exposure generated by base station transmitters in as many realistic
environments as possikds allowed by the current technology and available computation tools and techniques.

From Section 9 avards the results of the simulation activities, based on the parametrizations described in this
deliverable, are collected, subdivided by scéfaiime and space evolution of users is described as well as the
load activity for each user, functional to the determination of the field level in each observation point.

As indicated isetion 2,exposure in wide area scersdikke the coverage area by a BTS is much diffeyent

local exposure&suchexample arethe exposure generated by cellular phones or body worn devices. The two
exposure contexts are somparable; for this reasonernational guidelines clearly distinguish the two exposure
situations establishing exposure limits for localized exposure anbodyra@eposure, even using different
metrics and different limits, as wellesimetryquantities that are simpler to measure with respect to localized
exposurelosimetryguantities. Thieatureneedto be always considered when analysing the results generated in
Task 3.4 and when relating these results with activities planned in othe NEx$BEM.
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1 Introduction

The determination of tHelectromagneti€ield (EMF)level in widereascenarios, like a whole town or large
rural areas, generated by base stadqnipped with MaMIMO antennas requires the definitian sat of
parametersuch as

Definition of the geometrical and electromagnetic properties of the scenario

Definition of the propertiesnd characteristioftheradiating systems

Definition of the load condition of the netwpork

Definition of theu s etimesaid space distribution and activity

Definition ofthe points where the exposure to EM observed

Definition of parameters for characterizing the exposure, as required by integnatidimeds and
standards.

=4 =4 -8 8 8

All these parametecsntribute to the characterizationtioé simulationactivitiesto compute thevholebody
exposurén large scenarios, considering the time and space variability generated by MaMIMO antennas as used
5GNR

The aim othe first sections of thigport is © providethe specification of common parameters, amontathe
T3.4partnersthat areinvolved in computationBy sharing and defining common parameters, like scenarios,
radiated powepr MaMIMO radiation patterns will allow each partner to have deterset of input data to
evaluate the wheblmdy exposure to EMRs performsimulations

The developmenbf the computational activities with a direct link to the requirement for evaluating the whole
body exposure, as required by international guidelines aadtmwplete starting point for the evaluation of the
local electromagnetic field in a complakrealistic environment.

Theanalysiwvithin the activities plannedtaskT3.4, of the radiating characteristics of the MaMIMO antenna, by
synthesizinthe set of beams the antenna can generate to serve users dislocated in the scetaia)zdew

the spéal statistics of the radiatiomsimulationsThis idifferentfrom whatwas done for simulatifiged beam
antennas used for technaoésgearliethan 5G NR.

The estimisof realistic network load condition, user actasity throughpuSignal To Interference Noise Ratio
(SINR) function allowthe characterization ttfie wholebody EMF exposure by considering all the aspects
involvedin a mobile networkThis deliverable reperthe results obtained in tagR.4, in conjunction with
activities that will be developed in fB8K3.Deliverable®3.4 and D3.8jive a global and complete view of the
exposure levels that can be found in deployment scenarios

1.1 Mapping NextGEM Outputs

The purpose of this sectiogato mapgNextGEM3 s tAgraemenfGA) commitments, both within the formal
Task descriptioand Deliverable agai nst t he projectds respective ol

Tablel: Adherence to Next GEMds GA. Tasks and Del i

TASKS

Task Number & Title Respective extract from formal Task Description

One of the aspects to be considered when a new telecommunication te
is designed, is its impact on EMF exposure over the general population
field workers alike. Therefore, main aspects of the technology, such as arj|
and radio accesschnologies used to distribute EMF over different scer
should be considered at the early stages of the new technology definitior
managing and radiation monitoring aspects. Thus, monitoring capabili
radiated signal characteristies @nsidered by standardization bodies d
early stages of a new technology. This task analyses aspects related
technology by performing simulations and modelling in different scens
consider the effect of transmitter positioning andyelsainside the scenario o
the field distribution.

Task 3.4 5G architecture
modelling and mapping

© NextGEM Page |13




D3.8: Analysis of 5G architecture modelling and mapgigalversion oo

(# NextGEM

DELIVERABLE S

Deliverable D3.8Analysis of 5G architecture modelling and magigal vesion (M31)

This deliverable will describe the 5G NR landscape after simulations in different scenarios consideri
of transmitter positioning and changes inside the scenario over the field distribution.

1.2

Deliverableoverview andreport structure

The structure adeliverable D8.is as follows:

)l

= =

1.3

Section2 performsan overviewof the international guidelines in force on exposure to EMF in the
frequency range 100 k800 GHz;takenfrom International Commission on Ndémnizing Radiation
ProtectionICNIRP) 2020 guideling&] and includes asverview of the methodologies for the evaluation
of the exposurdyased oithe standards bihe international standardization badies
Section3 describethedesign process to provide the best performémoesposurecoverage angers
experience&achelementnust beconsideedsimultaneousiyaking the planning process a cyclical path
in which each factor musiatch the design requiremefitse sectionendswith a focus on MaMIMO
Antennasindhowthe time dynamic coveragoduesthe spatial diversiind relate@npacs onradio
planning methodologies
Sectiort deals wittMaMIMO antennas; being the most impacting innovation introduced by tH&tNR
has requiredrevision of th@pproachks usedor the evaluation of the exposWaMIMO antennas are
able to generate dedicated radiation patterns for specific user requirements, gemerdépgralent
radiation, and they can use two different tgpeadiation patterns: broadcast radiation patterns that
define the coverage area whéser EquipmentUE) can attachand traffic radiation patterns provide
data connection over the coverage area.
Sectiorb describethe activities to be carried outaskT 3.4andtheexpected redts determination of
the timespace distribution of the exposure generated by MaMIMO antennas in scenarios considering
time and spatial diversity based on user activity and distribution
Sectiorb reportsthe requirements for simulations.

0 The environmentscenariasthe Modified Madrid Grid Scenario (MMGSnd areal cityas

availabléo thetask partners

o AnmmWave scenario, including an open area like a plazg or park

0 Indoor environmergcenariqs

0 Thecharacteristiasf thebasestation such as positicandradiategower.
Section7 describethe computational tools used by each partner for the activity of the task.
SectiorB explains the methodology of the analysis carriéor ¢l evaluation of the exposure to EMF,
starting from a previous goeocessing stepowto carry out the calculati@malysirequirements such
as capacity assigned to each user andBaaehTransceiver Stati(BIrS, users time and space
distribution.

Updates from previous Deliverable D3.40Analysis of 5G architecture
modelling and mapping-1 ni t i al versiono

The following changes are included in this reporparedo Deliverable D3.4:

1
1

1

Updated Sectiof1.2.2including the electromagnetic properties of the body
Added Sectiofi collecting all theimulatiorresults performed by TINHBER and LCAS
o Radiation patterns for both FR1 and FR2, to be used for outdoor and indoor simulations.
Simulations iasimulated towm FR1
Simulations imReal Town in FR1
Simulations ianoffice scenarim FR1
Simulations ianindustriabcenarion FR1
0 Simulations iasimulated towin FR2
Updated Reference sections with some hibliegraphic references.

O O OO
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2 International Guidelinesand Standards

ICNIRP 2020Guidelineg1], from now on ICNIRP202@vere published in May 2020aasvision of ICNIRP
Guidelines published in 1928 ICNIRP2020 indicatdbel i mi t s of or the protecti ¢
radi ofrequency electromagnetic fields (EMFs) i n ot
ICNIRP202Gs0t o establish guidelines for | imiting expos
for all people against substantiated adverse health effects from exposures tc bothlshgrerm, continuous

and discontinuous radiofrequency EMFsoO.

ICNIRP2020 defines exposure limits for both the gem@pit and for occupational settings and differentiates
betweerbasicrestrictions anteferencéevels

Basicrestrictionsreported inFigurel, arefrequency dependent aexpressed in terms of Specific Absorption
Rate (SAR) and Absorbed Pof@ensity(Suy).

Basic restrictions for electromagnetic field exposure from 100 kHz to 300 GHz, for averaging intervals =6 min.”

Exposure Whole-body average Local Head Torso Local Limb Local
scenario Frequency range SAR (Wkg ") SAR (Wke ™) SAR (Wkeg ) S (Wm'?)
Occupational 100 kHz to 6 GHz 0.4 10 20 NA
=6 to 300 GHz 0.4 NA NA 100
General public 100 kHz to 6 GHz 0.08 2 4 NA
= to 300 GHz 0.08 NA NA 20
"Note:

1. *NA" signifies *not applicable” and does not need to be taken into account when determining compliance.
2. Whole-body average SAR is to be averaged over 30 min.

3. Local SAR and S, exposures are to be averaged over & min.

4. Local SAR is to be averaged over a 10-g cubic mass

5. Local S, is to be averaged over a t,q.uarc 4-cm” surface area of the body. Above 30 GHz, an additional cumtralm is imposed, such that
exposure averaged over a square |-cm” surface area of the body is restricted to two times that of the 4-cm” restriction.

Figurel: Basic restrictions as defined in ICNIRP2020 for time is®rvab [

As can be noted iRigurel, there is a reduction factor of 5 for exposure of the general public compared to
occupational exposure, for all the considered quantities and for all the exposed parts.of the body

Basic restrictions for exposure durations shorter than 6 minutes are repogteeliand are expressed in terms
of Specific energy Absorption (SA) and Absorbed energy denksity (U

Basic restrictions for electromagnetic field exposure from 100 kHz to 300 GHz, for integrating intervals >0 to <6 min.*

Local Head Torso Local Limb
Exposure scenario Frequency range SA (kI kg ") SA (K kg ') Local Uy, (K m %)
Occupational 100 kHz to 400 MHz NA NA NA
=400 MHz to 6 GHz ~ 3.6[0.05+0.95(1/360)") 7.2[0.025+0.975(/360)™] NA
=6 to 300 GHz NA NA 36[0.05+0.95(1/360)™]
General public 100 kHz to 400 MHz NA NA NA
=400 MHz to 6 GHz ~ 0.72[0.05+0.95(¢/360)"°] 1 44[0.025+0.975(#/360)"] NA
=6 to 300 GHz NA NA 7.2[0.05+0.95(1360)™]

*Note:

1. “MNA” signifies “not applicable™ and does not need to be taken into account when determining compliance.

2_tis time in seconds, and restrictions must be satisfied for all values of f between =0 and <360 s, regardless of the temporal chamcteristics of
the exposure itself.

3. Local SA is to be averaged over a 10-g cubic mass.

4. Local Uy, is to be averaged over asquare 4cm’ surface area of the body. Above 30 GHz, an addltmna] constraint 15 imposed, such that ex-
posure atcrag,cd over a square | -cm? surface area of the body is restricted to 72[0.025+0.975(t/ 360)™ ] for occupational and 14.4[0.025+0.975
(1360)™ “] for general public exposure.

5. Exposure from any pulse, group of pulses, or subgroup of pulses in a train, as well as from the summation of exposures (including non-pulsed
EMFz), delivered in r s, must not exceed these levels.

Figure2 : Basic restrictions as defined in ICNIRP2020 integrated over < 6 min timelijterval

Asforbaside st ri ct i ons f o there¢i$ameduction faatonodSefor €podliteegeneral public
with respect to the exposureoccupational for all the considered quantities and for all the exposed part of the
body.

As stated i mefelerCdeveR RaeOb2eh , derivied from a combination of computational and
measurement studies to provide a means of demonstrating compliance using quantitisxtbaeaesity
assessed than basic restrictions, but that provide an equivalent level of protection to the basic restrictions for wor:
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case exposure scenari@«posurdimits reported in terms oéferencdevelareevaluate@n the bais of the
whole body oportion of the body that is exposmuion the bais of thetime averaginintervd, sed-igure3,
Figure4 andFigureb.

Reference levels for exposure, averaged over 30 min and the whole body, to electromagnetic fields from 100 kHz to
300 GHz (unperturbed rms values).*

Incident E-field
strength; E;,. (V m B

Incident H-field

Incident power 1
Exposure scenario Frequency range strength; H, (A m 'j density; 5;,. (Wm ~)

Occupational 0.1 — 30 MHz [ 4.9/fu NA
=30 — 400 MHz 61 0.16 10
=400 — 2000 MHz 3 0.008f4™ S0
=2 - 300 GHz NA NA 50
General public 0.1 - 30 MHz 30004, 22/f NA
=30 — 400 MHz 277 0.073 2
=400 — 2000 MHz 1375405 0.0037f,* fu/200
=2 - 300 GHz NA NA 10
“Note:

1. *NA" signifies “not applicable” and does not need to be taken into account when determining compliance.

2. f is frequency in MHz.

3. Sines Eine. and H;,,. are to be averaged over 30 min, over the whole-body space. Temporal and spatial averaging of each of E;,. and H;,,. must
be conducted by averaging over the relevant square values (see eqn 8 in Appendix A for details).

4. For frequencies of 100 kHz to 30 MHz, regardless of the far-field'near-field zone distinctions, compliance is demonstrated if neither E;,. or
H;... exceeds the above reference level values.

5. For frequencies of =30 MHz to 2 GHz: (a) within the far-field zone: compliance is demonstrated if either 5, _, E; . or H, _, does not exceed
the above reference level values (only one is required); S, may be substituted for S;,,; (b) within the radiative near-field zone, compliance is
demonstrated if either S, _, or both E,__ and H; ., does not exceed the above reference level values; and () within the reactive near-field zone:
compliance is demonstrated if bgth Eip and Hip: do not exceed the above reference level values; Sy, cannot be used to demonstrate compliance,
and so basic restrictions must be assessed.

6. For frequencies of =2 GHz to 300 GHzz (a) within the far-field zone: compliance is demonstrated if S, does not exceed the above reference level values;
S, may be substituted for S;,.; (b) within the radiative near-field zone, compliance is demonstrated if S;,. does not exceed the above reference level values;
and (¢) within the reactive near-field zone, reference levels cannot be used to determine compliance, and so basic restrictions must be assessed.

Figure3: Reference levels as defined in ICNIRP2020 per whole body exposure, aveefechionge time intervfl]

Reference levels for local exposure, averaged over 6 min, to electromagnetic fields from 100 kHz to 300 GHz
(unperturbed rms values).*

Incident E-field Incident H-field Incident power
Exposure scenario Frequency range strength; E;. (V m 'j strength; H,. (A m 'j density; S;,. (W m 1j
Occupational 0.1 - 30 MHz 1504/f,"7 10.8/fi NA
=30 — 400 MHz 139 036 50
=400 — 2000 MHz 10,586, 0.0274/,," 0.295,,"5
=2 - 6 GHz NA NA 200
=6 — <300 GHz NA NA 275067
300 GHz NA NA 100
General public 0.1 - 30 MHz 671" 4.9/f NA
=30 — 400 MHz 62 0.163 10
=400 — 2000 MHz 4721, 04 001237, 0.0587,,25
=2 -6 GHz NA NA 40
=6 — 300 GHz NA NA 550"
300 GHz NA NA 20
* Note:

1. “MNA" signifies “not applicable” and does not need to be taken into account when determining compliance.

2. fy is frequency in MHz; fi is frequency in GHz.

3. Sinc. Eine. and Hi,c are to be averaged over 6 min, and where spatial averaging is specified in Notes 67, over the relevant projected body
space. Temporal and spatial averaging of each of E;,. and H;,,. must be conducted by averaging over the relevant square values (see eqn 8 in
Appendix A for details).

4._ For frequencies of 100 kHz to 30 MHz, regardless of the far-field/near-field zone distinctions, compliance is demonstrated if neither peak
spatial E;;. or peak spatial H;,,., over the projected whole-body space, exceeds the above reference level values.

5. For frequencies of =30 MHz to 6 GHz: (a) within the far-field zone, compliance is demonstrated if one of peak spatial 5;.... Ei,c or Hi. over
the projected whole-body space, does not exceed the above reference level values (only one is required); 5., may be substituted for S,.; (b)
within the radiative near-field zone, compliance is demonstrated if either peak spatial S;,, or both peak spatial E;,,. and H;,., over the projected
whole-body space, does not exceed the above reference level values; and (c) within the reactive near-field zone: compliance is demonstrated if
both Ej,. and H;,. do not exceed the above reference level values; S;,. cannot be used to demonstrate compliance; for frequencies =2 GHz,
reference levels cannot be used to determine compliance. and so basic restrictions must be assessed.

6. For frequencies of =6 GHz to 300 GHz: (a) within the far-field zone, compliance is demonstrated if S, averaged over a square 4cm® projected
body surface space, does not exceed the above reference level values; 5., may be substituted for S;,.; (b) within the radiative near-field zone, com-
pliance is demonstrated if Sq,.. averaged over a square 4-cm’ projected body surface space, does not exceed the above reference level values; and (c)
within the reactive near-field zone reference levels cannot be used to determine compliance, and so basic restrictions must be assessed.

7. For frequencies of =30 GHz to 300 GHz, exposure averaged over a square lem® projected body surface space must not exceed twice that of
the square 4-cm” restrictions.

Figured: Reference levels as defined in ICNIRP2020 per local exposure, averagediowestime intervall]
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Reference levels for local exposure, integrated over intervals of between =0 and <6 minutes, to electromagnetic fields
from 100 kHz to 300 GHz (unperturbed rms values).”

Exposure scenario Frequency range Incident energy density; Ui, (kJ m ?)
Ocecupational 100 kHz — 400 MHz NA
=400 — 2000 MHz 0.29%,"5 % 0.36[0.05+0.95(1/360)"7]
2 - 6 GHz 200 x 0.36[0.05+0.95(360)™]
=6 — <300 GHz 2750 M7 s 036[0.05+0.95(2360)™
300 GHz 100 = 0.36[0.05+0.95(1360)™]
General public 100 kHz — 400 MHz NA
=400 — 2000 MHz 0.0584,"% 5 036[0.05+0.95(1360)"™]
=2 - 6 GHz 40 % 0.36[0.05+0.95(1/360)"7]
=6 — <300 GHz 55/ ™17 % 0.36[0.05+0.95(1360)"]
300 GHz 20 % 0.36[0.05+0.95(1360)"]
“Note:

1. “NA" signifies “not applicable™ and does not need to be taken into account when determining compliance.

2_fuis frequency in MHz; f5 is frequency in GHz; ¢ is time interval in seconds, such that exposure from any pulse, group of pulses, or subgroup
of pulses in a train, as well as from the summation of exposures (including non-pulsed EMFs), delivered in ¢ seconds, must not exceed these
reference level values.

3. U, is to be calculated over time ¢, and where spatial averaging is specified in Notes 5-7, over the relevant projected body space.

4. Fnr frequencies of 100 kHz to 400 MHz, =0 to <6-min restrictions are not required and so reference levels have not been set.

5. For frequencies of =400 MHz to 6 GHz: (a) within the far-field zone: comphance is demonstrated if peak spatial Uj,., over the projected
whole-body space, does not exceed the above reference level values; U, may be substituted for U, (b) within the radiative near-field zone,
compliance is demonstrated if peak spatial Uy, over the projected whole-body space, does not exceed the above reference level values; and (c)
within the reactive near-field zone, reference levels cannot be used to determine compliance, and so basic restrictions must be assessed.

6. For frequencies of =6 GHz to 300 GHz: (a) within the far-field or radiative near-field zone, compliance is demonstrated if U, averaged over
4 sguare 4-cm® projected body surface space, does not exceed the above reference level values; (b) within the reactive near-field zone, reference
levels cannot be used to determine compliance, and so basic restrictions must be assessed.

7. For frequencies of =30 GHz to 300 GHz: exposure averaged over a square l-cm” projected hndy surface space must not exceed 275//G
0.72[0.025+0.975(/360)"] kI m ? for occupational and 55//5™"7 x 0.72[0.025+0.975(¢/360)"~] kI m * for general public exposure.

17

Figureb: Referenckevels as defined in ICNIRP2020 per local exposure, integrated over <6 minutes tirfig interval

2.1 Whole body vs localized exposure: different approaches

In general, exposure generated by base stat@nsin the far field region of thadiating systeand involves
the whole bodyf thisis thecasethe exposure limits are those indicanggigureb of ICNIRP2020Exposure
is evaluated in temfincidentpowerdensity corresponding to 10 WAIn the frequency rangeer 2.0 GHz
for 5G NR technologies correspomgito61.4 V/m in terms of electric fiedttengthn the far fielaf the antenna

Since exposure is evaluated ingefrmcident power densiiycan be associated with locations in the scenario.
If all the accessible points (in the scenlaae an exposuoelow the limg thenany persostanding or moving
through the scenario will be exposed to an EMF level below the limits indicated in ICNIRP2020.

The situation is different for localized exposure, where only parts of the body are exposelh thik M&se
the exposure expresselothin thresholds for theéosimetryjuantitiegndin terms of geometrical surface where
the exposure is evaluateee notes HRigured.

As clearly indicated by ICNIRP2020 exposure limits expressed in tesfesentdevelsarerelevant to the
whole bodyandare expressed in termsrmfident dosimetryguantities, meanitigatthey are evaluated specific
locations irthe absence of the expodeody Accordinglyexposure evaluated as a global quasiiti, ashe

meanover large aretike awhole towrhasno meaningyith respect texposure limits.

MaMIMO antennaghatcan be used in 5GNRan generai@ time variable radiation pattesrgive service to
specific locations where the usarily for the required time. Once the service ends the antenna does not radiate
anymore to the specific user. That mtatshe exposure time interval, specific for the user and for the serving
antennacould be very shorfCNIRP2020 introduced a new set of Reference Levels for brief exposure time
intervas, shorter than 6 minutes, expressed in terms of iheitenyy density which thesuld berelevant for
exposure from MaMIMO antennas.

2.2 Status ofstandards

The nethodologies for the evaluation of the exposure are described in technical standards, in Europe defined
Comité européen de normalisation en electronique et en électrotdCHrlitftiecEC) and atthe international

level by IEC(International Electrotechnical Commiskiand IEEE (Institute of Electrical and Electronics
Engineerp Standards, following the philosophy of the guidelines, are developed in two directions depending or
the typology of devices and exposline.current frame of normative documéntss follows:
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T EN I EC 62232:2022 oDetermination of RF field s
stations for the purpose of evalwuating human e
measurement methodologiestaluat¢éhe exposure generated by base station systems, in terms of SAR,
fieldand power densitit.is identicako the IEC 62232 standardgchnical works are developed within
IEC TC106.

T TEC TR 62669: 2019 o0Case studies supporting |E
density and SAR in the vicinity of radiocommunication base stations for the purpose of evaluating humar
exposuré . T h e rdpatdéscribemeeetatase studies in which the exposure is evaluated by using
the IEC 62232 standatdchnical works are developed within IEC TC106.

1 ENIEC/IEEE622091 52 8: 2021 O0Measurement procedure for
of human exposure to radiofrequency fields from-halddand bodynounted wireless communication
devices Human models, instrumentation, and procedures(feserange of 4 MHzt0 10Gldz) T h e
standard describes measurement methodologies for the evaluation of S&frividlent taf the
IEEE/IEC 622091528202( technical works are developed within IEC TC106.

1 ENIEC62208: 2019 OMeasurement procedure for the as
exposure to radio frequency fields from Haeld and bodynounted wireless communication devices
Vector measuremehased systems (Frequency range of 660 MHo 6 GHz ) 6. The st
the methodologies for SAR measurement based on array of prokgsivalent tof the IEC 62209
3;technical works are developed within IEC TC106.

1 |IEEE/IEC 627041-20176 01 EC/ | EEE I nternational Standard
Average Specific Absorption Rate (SAR) in the Human Body from Wireless Communications Devices,
30 MHz- 6 GHz. Part 1: General Requirements for using the FiniteeDdéeTime Domain (FDTD)

Method for SAR Calculatdns The standard describes the met he
using the Finite Difference Time Domain (FDTD) technique; technical works are developed within IEC
TC106.

1 IEEE/IEC 627042-201760 | EEE/ | EC | nt e r Determining thel peak spabaiedager d
specific absorption rate (SAR) in the human body from wireless communications devices, 30 MHz to 6
GHz -- Part 2: Specific requirements for Finite Differemmoe Domain (FDTD) modelling of exposure
from vehicle mounted antenbas The standard is developed withi

1 IEEE/IEC 627043201700 Det er mi ni n g -Avetage Speeifc RbsdBpticn Ratea(SAR) in
the Human Body from Wireless Communications Devices, 30aV@tiz Part 3: Specific Requirements
for Using the Finite Difference Time Domain (FDTD) Metho@&®R Calculations of Mobile Phahes
The standard describes the methodologies for evaluating SAR generated by cellular phones using tt
Finite Difference Time Domain (FDTD) technique; technical works are developed within IEC TC106.

1 |IEEE/IEC 627044-202060 | EC/ | EEE | nt e r Detetminiogtlzelpealsdpasaiecthger d
specific absorption rate (SAR) in the human body from wireless communication devices, 30 MHz to 6
GHz & Part 4: General requirements for using the finite elengthod for SAR calculatidns T h e
standard describes the methodologies for evaluating SAR by devices using the Finite Element Metho
(FEM); technical works are developed within IEC TC106.

It should be noted thatany of those standaidsuedy CENELEC, IEC and IEERrethe same.
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3 Mobile network planning: exposure to EMF, coverage and
performancesrequirements need to be matched at the santiene.

The networlplanning process requires to satisfy, at the same timeotiditens

1. A sufficient level of signal at the UE positmbe in connectiowith the base statido establish the
communication.

2. A sufficiently cleafevaluatedby using metrics fixed by the communication standmyBl at the UE
position which can be correctly interpretéal resume information artd reach the best possible
performances depending on the service reguired

3. Complianceviththelimits for human exposure to EMF everywhere in the locatioessibl® people

The first and second poirtie technologgiependent, meaning that each technology is designed almost standalone
with theaimof managing the interference for those techiesislgaring the same bandoweverthe third point

must be satisfied globatlgnsideringhe whole EMF environmenthe EMF exposure generated by all deployed
technologies from all the B¥&nd from all the mobile operatoirscluding contributions coming from other
stakeholdar(as an example broadcastarsst be below the limits established by authofitiesattermakes the

design procedgiifficult and requirematchingall the design requiremeirtsa complex and diversified scenario

from both the electromagnetic ayebgraphicgoints of view.

For clarificationtiis possible to outline the mobile network dessga cycliprocess, sdégure6, in which the
requirements are tuned step by step to get the best possible deplbywezhby requirementeverage and
performanceand boundary conditianise, exposure to EMF

In thegeneratasethe first stejis the determination of the coverage,aieae there are constraints due to the
positioning of the base station and height and orientation of the g)tematerence to thexistingnstallations

in the same location or in neighitiog locationsA tentativepower feeding the anterisassumetb generata

first rough indication of the coverage arehSINR distributigrihe second stem thedeploymentontext.

Coverage Requirements -
Maximizing Coverage Area

Exposure Requirements -
Exposure Limits respected everywhere

Figure6: The desigprocess of a mobile telecommunication network

The third step consists of the evaluation of the exposure level in the scenario, considering the EMF environmer
in the surroundirgy The exposure is evaluategd@ser density in the féeld region of the radiatat

1 Specific points orlgnar surfaces atlefined height from th&alking surfaces
1 Surfacesabalconypr anaccessible locatifor buildings.

1 Isosurfaces, namely the compliance boundaayixatl exposure levapplied to the phasentre
of the antenna

Any time it isverifiedthat specific pointssurfacesor the compliance boundary over the limits intersect regions
where people can be exposed, it is required to restart the whole design process from the beginning, acting on ¢
or all the design parameténsmatch requirements. It could be even possible that requirements ctwgld not

1 For the scope dhskT3.4onlydownlink is of interest for determining the exposure in the scAngomd coverage and a
low level of SINR guarantee the lower possible level of emissions in uplink from the UE side due to the internal mechanism
of power management.

2 Sharing the same band means working exactly on the same frequency band. As an exavples BGN&Rband N78
hosting the service for all operators. A propebant is assigned to each operator, diffintthe subband assigned to
any other operatomn these conditi@the noise generated at a location cdroesneighbaring base stations from the
same operat@nd byout-of-bandemissions from other sources
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matched and then a different location for the transmitter must be, elfosemayhappen iroverloadedowers
shared with other operators in egwded locations, like downtown areas.

For the evaluation of the exposure, depending on national spectrum management rules, it can be possible that 1
whole electromagnetic environment is not known to each operator. As an example, the power feeding the antenr
the antenna radiation patteandthe orientation for each transmitter could not be known since these are industrial
confidential information specific ¢ach operatoin this case the design process is much more complicated,
requiring extra information coming from, e.gsitinmeasrementsand the need to chettie compliance of the
desigrwith national authorities.

The procespr evi ously described can be defi nedtimafkeddt r ad
beamslike passive antennas. In this dagecoverage area can be considered as statically deterntinesl, the
varyingpower is applied to a static radiation patsemhthe coverage is staticl limited by the maximum power
feeding the antenia

One of the main innovations introduced by 5GidIRaMIMO antennas, able to generate time/space variable
narrow beams, by which the radiatidodasednly in the direction where there is the need to hold up the links

to active users. This is a change of paradigm in the mobile telecommunications industry that has required a differe
approach in the network design and requires new approaches in litiesriodavaluate the exposure to EMF.

It is the first time in the mobile communication era thatiggre opportunity to optimize and manage the time
spatial distribution of the radiation and the exposure accordingly. The benefits introduced by the MaMIMO
technologyregadingexposure to EMF, are listed below:

1 the power isi0 longerspread over thentirecoverage area but only in theection of the active users
The powededicated to a ussappliedo anarrow beam insteadwedebeams preventing radiation in
directions where theieno needo deliver energgtrongly impacting coverage, SINR and exposure.

1 narrow beamsneanhigher radiation pattern gain, ailmmo reach au s er 0 s with@dowéri o n
(transmitpowerwith respect tthe case witlvider radiation patterns with lower gainto get a better
SINR at the location

1 narrow beamsneanlower SINRrequirementgorresponding t@ cleaner communicati@aenario
allowing to use higher modulation schemiés associatetiigher data througtput, reducing the
transmissiotime for the same quantity of paylead thereforeloweing theexposurg¢ime

On the other hand, the introduction of MaMIMO antennas has required changing the network design
methodologies; since radiation follows the activesdistsibiition in the scenario, the exposure to EMF is no
longerdeterministic bugtatisticallyelatedo thatof theu s espaiaslistribution sed-igure?.

All the previous aspects will be analyzed in the folleedtignand the design of the activities plannedsk
T3.4are devoted to highlight the tisgace statistics of the radiation and determining parameters in view of the
exposure to EMF.

a

7

Figure7: a) Passive antennas radiation pattern coverage. b) MaMIMO antennas coverage.

31n the context of the static radiation pattern antetaigc means that the radiation pattern does not ahaerghe timp

the coverage areaigmluatedvith the maximum configured power on the radiating systemif the coverage can change
due to the time variations of the power feeding the antenna and managed by the power managegysitrodihas

the power is applied to tlamtennait is spread over thehole coveragearea that depends on the radiation pattern
characteristicgithout anydistinctionon directions.
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4 MaMIMO antennas require a new approachor evaluatihg exposure
to EMF

4.1 MaMIMO Antennas in 5GNR

For the scope of activities plannedaiskT3.4 the most impacting innovation introducedbBGiR4 are the
MaMIMO antennasa(soknown as Active Antenn8gstem (AApgenerating time dependent radiation patterns
differentlyfrom traditional passive antengaserating time statediation patterns

A MaMIMO antennacanchange itswnradiative characteristics over time, according to the serviceeddmyuest
theusers distributed over the coverage geemratingpecifidoeamsdirectedo eachuser;sucha prerogative
makes the coveragemporally dynamic andtrodudng thespdial diversityand,as an additional degree of
freedom the possibility ttmanag interferenceseeFigure8 in which each user is reached by a narrow beam not
covering neighbouring users

=) =)

Figure8: The time dependent beam arrangement to serve users located in the scenario.

In contrast tgorevious technologies, 5GNR using MaMIMO antennas decougitmtdiendor control)plané

from the traffiqdor userplané by using two different (logically or physically) radiation pa&teath procedures

to connect the UE to the network and signalling required to maintain the communication travel on different
(logical or physical) beams with respect to the beams used to tranppgtbéideoncthe communicatiohas
beenestablishe®pecificallythere aréwo different (logicalrgphysicaljadiatiorpattern sets

9 broadcast radiation pattern(s), used for defining the coverage area in which the UEs can attach and contr
operations. The broadcast radiation patterns belong to the broadcast beamset, which can contain one 1
several beams depending on the used approach, namely static or sweeping scanning of the coverage reg

1 traffic radiation pattern(s)sed to provide data connectower the coverage amace the UEHave
completed the attachment procedurehe broadcast beam{®)e traffic beam(s) belong to the traffic
beamset; it can contaitnetime variable beam or madgpendingn the used approach, namely the
EigenBasedBeamforming(EBB) or zeraforcing beamforming(ZFB), or the grid of beam (GoB)
approachwhichwill be described later on.

Prior to the descripti on fohthawaWwdf tMe@xpasare te BMPartlgsisu s a g ¢
is done of the consequences of separating the signalling plane from the traffic plane itHeGi&yendence

of the broadcast beamset from the traffic beaametdistributing the power everywhere in the coverage area,
reserving energy only for the specifi¢dimlelivered onlwhen andvhere requiredsed-igure8

The broadcast beamsetiset containingeverabeamgshatthe MaMIMO antenna has available to define the
coverage area; the beamset is populated mithmum of one beam or a few or tens of beams, depending on

41n this section will be given the information about MaMIMO antennas only required for the exposure to EMF purposes. A
more detailed description of the of the concept described here can be found in specialistic publications, books or standard:

5Beam is a term usedsgsonynfor radiatiorpattern.

6 With signaling or control plane, simplifying, is intended the set information exchanged between the base station and th
device for establishing, and controlling a communication. Signaling happens before, during and after the service required
a devicén parallel with the activity for which the service has been required.

7With traffic plane is intended, simplifying, the activity performed by the device and base station for accomplishing the tas
for which the service has been required; the service is delivered under control of the signaling plane.
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the service to be delivered and the operating frequency band. The coverage area assumes different sha
depending on the shape of the radiation pattern(s) populating the beamset for the specific coverage in the speci
scenario. This means the covereggeaan be adapted to the specific type of service to be delivered in the specific
deployment scenario (a lot of flexibility). As an example, the shape of the broadcast beam(s) can be select
differently, if the service required is coverage of an urbaontal scenaricomparedo coverage of an urban

vertical scenario. The shape of the coverage the MaMIMO antenna can generate by selecting a specific broad
beam(s) is named configuration; the MaMIMO antennas may provide several configurations specialized for speci
deploymats or service scenaio

Once the configuration has been selestdFigure9, the coverage arean bedeterminedvith twodifferent
methodologies:

1 Fixed broadcast beathe coveragarea idefinedby just one timestaticbeam,exactly as done for
previougechnologieasingtraditional passive antennse-igurelCa In this cas¢he beam has a wide
aperture (as an example 120ad=pn the azimuth plane) with a medium to low radiation pattern gain
valueThe position of the user is estimated by means of Angle of Arrival methadologies

1 Sweeping broadcast beam:dheeragareais divided into subreas adefined by the configuration
both in the elevation plaas well ag the azimuth planeachonecovered by a specific beamnthe
configurationThebeam set is periodically swept to scan the whole attached Brgaredéb. The UE
probesthe broadcast beamset and, on the base of the received signapdeisth the MaMIMO
antenna which of the beams in the configuration is best rebeivesdetermining thelectromagnetic
link direction

MaMIMO Antenna Beamset
ltox

Broadcast Traffic

Configuration 1
1to 8 beamsin FR1
1 to 256 beams in FR2

Configuration 1
ltoxw

Configuration 2
1to 8 beamsin FR1
1 to 256 beams in FR2

Configuration 2
1tow

Configuration N

Configuration N
ltoow

1to 8 beamsin FR1
1 to 256 beams in FR2

Figure9: The configuration structure for a generic MaMIMO antenna.

a)

b)

FigurelQ Broadcast fixed beam coverage (a) and sweeping beam (b) coverage area definition.

When a user requires the sendag ihternetservicesr data downloadafter performing thattach procedures
by using the broadcast beanmtbet,MaMIMO antenna generates one or rtraféc beans, from the traffic
beamsein the electromagnetic directishere the user(s) is (are) locatedownload the payload.

MaMIMO antennas can be categorintaitwo classes:
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1 GoB orcodebook antennas: the antenna hasdgpeemined set of beams (weilatgailableOnce the
procedures activated during the attach phase or management of the link have been established, the anter
selects the best beam(s) in the set available for serving or maintaining the service to user(s). The beam
can be populated withanybeams, with different shapes, to best serve the traffic conditions and user
distribution over the scenarseg-igurellaandFigurel2a.

1 EBB:the antenna generates the set of wigighal time to generate just one radiation pattern with lobes
in the electromagnetic direction of users and nulls in direction where it is required to manage the
interference, depending on the user distribution and load condition in the specificn i@ avitkes
theoretically, an infinite number of weigiisseshapeanddirection cannot be definadtil the traffic
environment is definedeeFigurellb and Figurel2b. Similar to EBB antennas, the ZFB antennas
generate a radiatipattern nulln the directiorof interference

QW

Figurell Traffic beams of a GoB MaMIMO antenna (a) and Traffic beam for an EBB MaMIMO @dr)tenna

Figurel2 Time TraffiRadiation Pattern of a GoB MaMIMO antenna (a) and Time Traffic Radiation Pattern for an EBB
MaMIMO antenn#b).

From the information about theperationof a MaMIMO antennait is possible tanakethe following
observations:

1. Itis not possible to-pr i or i define the radiation pattern;
scenaripand interference context.

2. The radiation is directed to where theresés\dce requeand only for the time required to complete the
task.

3. The exposure, on an observation point, changasime due to the temporal changes of pamer
directionof the radiation. It could happen that in some time indettvalradiation in the observation
point is not present since the antenna is pointing the radiation pattern in a different direction.

8Each beam the antenna can generate corr e sforonamhgingthe a s«
current (in strength and phase) feeding each radiating element of the array constituting the MaMIMO antenna.
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4. The sameonsiderationkold for SINR Since the field level in each point over the scenario depends
how power is distributed dye MaMIMO antenna, SINR changes over time depeadintherusers
distributionand activit with respect ttheserved user.

5. Traffic coverage exists only where the service is required and, on the base sihitedain bullet 1,
some changes in the network design process need to be adopted.

4.1.1 The envelope radiation pattern

The spatial indeterminacy of coverage, a feature introducedeohia@ogywith MaMIMO antennasequires
the need to redesign and review the network coverage project .Metieedapproach in the modalities to plan
radio coverage and to evaluate the exposure to EMHngoduction of thantennanvelopeadiation pattern

An envelopeaadiation patteriis a radiatiopatternthat provides, for each specific direction in azimuth and
elevation, the maximum gain that the antenna can generate between all synthesizable beams, for each spe
configurationThe envelopeadiation patteris norphysical because it does not respond to energy conservation:
the integrbover the whole spheoé the envelope radiation patteoes not preseribe energjB], Figurel3d

S
4 . 0

Figurel3 Example of EnvelopElevatiorRadiation Patterthe red curve identifies the maximum gain in each direction

The use of the envelopadiation patterimvolves a change of perspectiveatsen evaluating tlexposure to
electromagnetic fields resolves the randomnesshefdirection of the radiation within the coverage area, since

the maximum gain thatin be synthesized by the antenna is considered in each ,darettien use of the
maximum performance that the antenna can provide in each direction of space involves an overestimation ¢
exposure to electromagnetic fielde envelope radiation pattern concept is valid for both broadcast and traffic
diagrams:

i The Broadcast Envelope Radiation Patthis:is the envelope pattefor each Broadcast Beam
Configuration. An AAS can use different broadcast configurations for specific coverage requirements, sc
the number of Broadcast envelope radiation patierequal to the number of configurations
implemented by the AAS.

1 Traffic Envelope Radiation Pattetinis is the envelope pattern of the traffic beams assowiiiteal
Broadcast Configuration.

1 An AAS can have several broadcast envelope radiatiorsgaitiarraffic envelope radiation patéern
corresponds each of them

4.1.2 Power associatedvith Broadcast and power associatewith Traffic beams: the5G
NR frame

The 5G NR frame has a sophisticated structure, conceived to serve UE terminals having a wide range of differe
characteristics in terms of bandwidth, latency aimderequest of reliability, with high attention toward energy
efficiency.

A thorough description of tlegnallingstructure of the 5G frame can be found in D2.2. In the following, some
characteristics relevant to the power associated with the different beams used in the 5G NR gNB are briefi
recalled.

9 A MaMIMO antenna can have just one traffic envelope radiation pattern for all configurations; in this case traffic beams
radiating in directions where the broadcast configuration does not give coverage, are not used.

© NextGEM Page |24




D3.8: Analysis of 5G hitect delli d noal i e
nalysis o architecture modelling and magyfingalversion '&?-‘NextGEM

I n particular, 5G NR Iimits the 66al ways ondd sig
necessary for accessing the network in a signal structure highly concentrated in frequency, time, and possibly sp
calledSynchronization Sigré&aPrimary Broadcast Chan®PBCH, or 66 Synchr oni zati on
that includes the Synchronization Signals (SBJjrtteey Broadcast Chan@BCH and thePrimary Broadcast
ChanneDeModulation Reference Sigrd@BCHDMRS. The $ructure of the SSB is very compact. SSB is
mapped into 4 OFDM symbols in the time domain and 240 contiguous subcarriers in the frequency domain
Accordingly, SBBCH occupies only a fraction of the entire 5G NR frame. It is important to stress &g&in that
PBCH is the only 66always on66 signal in 5G NR. A
empty apart from thResource ElementBES) associatewith the SSPBCH, and some control signals. An
example of a 5G NR frame in the absaiaisers is shovimFigureld. The power of the REs of the frame are
plotted in false colws, from red (highest power) to blue (lowest power). We can note 6 SSBs, with different
colaurs, i.e., different received posiarthe position where the frame has been measured. Each SSB is associated
with a different beam of the set of the gNB Broadcast Beams.

e e e e e e e e e e e e e e s

Figurel4: 5G frame in the absence of users; on the left bottom 6 SSBs are visible; apaahthec&&Bcontrol signals,
the frame is void

G L
e HE S e

Figurel5 Fullloaded 5G frame; on the left bottom 6 SSBs are visible; the void area in the centre and at the end of the frame
are the sections of the frame reserved for uplink data, almost all the remaining area is filled by PDSCH REs (users data)

With reference to downlink transmission, there are many other physicas ¢hhpsieal Downlink Shared
Channe(PDSCH) Physical Downlink Control Chan(RIDCCH) PBCH, Physical Broadcast Channel) with their

own Demodulation Reference Signal (DMRS) for channel estimation and equalization. In particular, PDSCH i
responsible for delivering useecific downlink data from the gNB to the connected user equipmciadtngm

voice, video, and other types of data. PDSCH resources are allocated dynasiisdiigsted on the varying
communication requirements, employ adaptive modulation and coding to optimize data transfer, and maintai
reliable communication in diverse radio environments.

In Figurel5the downlink frame in case of full allocations of the resources is shown. The most part of the REs of
the frame is filled by PDSCH data. The void area in the centre and at the end of the frame are the sections of tl
frame reserved for uplink data. Inltheer(left) bottom part, it is possible to see the SSBs.

It is interesting to note that the power of the PDSCH REs is higher than the power of the SSBs. This is due to th
use oftraffic beams to transmit PDSCH data with respect to SSBs, that use broadcaBigugah@. (Since

traffic beams have higher Gain compared to broadcast beams, even if the REs of the SSBs and PDSCH &
transmitted at the same power, they are received at different power.

The analysis of the frames gives two important observations.
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Broadcast beam

Traffic beam

User equipment

FigurelG The higher received power of the PDSCH REs compared to the SSB REs is due to the different beams used,
broadcast beams for SSBs and traffic beams for PDSCH,; traffic beams (used to send payload data to the UE) have a gree
directivity than the broadcast

Firstly almost all the received power is associated with the PDSCH BREgrigata, while the SSBs make an
almost negligible contribution to the received power. As a result, the power associated with broadcast channels
a small fraction of the power associated with traffic and can be neglected when defining exposure.

SecondlyFigurel5represents an extreme and, in practice, unrealistic condition. This condition gives an upper
bound of the field strength in any operative conditions of the gNB and is the value obtained using Maximum
Extrapolation Techniques estimations. In real scenbeidsame is only partially filled, according to the traffic

user level, and the field strength is between the one given by the unloaded Eaguaiigdd) @nd the fully

loaded conditiorHjgurels).

4.2 A change of paradigm in radiation: from a deterministic to a statistical
approach

Before the introduction of the Actual Max Approach4ifb] and MaMIMO antennas the conformance
boundar§f associated to a transmitter was determined by using the EIRP considering the configitiad power
the transmitter applied to the radiation

00V e 0 o O b 1)
where

- EIRP is the Equivalent Isotropic Radiate Power in W

- Peonfiguredis the power the transmitter is allowedeidver to the antenia W

- Aine is the total transmission line attenuation and/or amplification between the transmitter and the
antennaonnector.

- G is the antenna gain

J is the elevatiocoordinate.

j is the azimuth coordinate

When designing the exposure generated at a location, the precautionary approach is applied bthabnsidering
the transmitteconstantlyradiates the configured power. This approach does not consider the power control
mechanisms, if any, implemented in the transmitter resulting in an overestimation of the exposure everywhere a
for the whole averaging tithim the serving areseerigurel?. While the methodology is useful for determining

the size and shape of the coverage and SINR areas, indicating the maximum performance the system can gene

10The conformance boundary is a surface centered on the phase center of the antenna outside that the exposure is always
everywhere below a limit

11 The configured power is the maximum pahatthe transmitter is allowed to deliver to the antennafrapathe line
losses; it is lower or equal to the maximum power the transmitter can generate.

12Exposure is averaged over a time interval as defined by international or national laws or gUyitlelines, see
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in terms of service, it is not practical for EMF exposure assessment, especially in regions where many systems
deployed.

In this case the coverage, SINR asabEMF conformance boundary are frozen in shape and levels, without

considering any usersod6 |l ocation. For the aims of
over the scenario for the whole averaging time.
v

Figurel?. Scenario coverage without any power control or beamstearing.

As was shown in the previous sectioisdtes not correspond to the normal operations of transntitearse,
the following two cases can be described:

I Transmitters (technologies) implementing power coméahanisméonly for some technologietf)e
transmitter changes the powery fasin the time (depending on the frame structure implemented by
the technology) to adapt to the channel conditions and to maintain the service quality at UE position. If
the power is applied to a passive antdmndang a fixedadiation patterrit appears as thmverage
changes in the time (breathing effeefiucing and increasing the coverageveitbaan upper limit
corresponding to theovered area when applyingahefigured power, séggurel8

1 MaMIMO Antennas: the powsraychange in the time with a mechanisnthi&eonedescribd in the
previous bullet buglsothe direction of the radiatiomaychange, sdegurel9.

L4 42 4 4

— e

Figurel8 Scenario coverage with a technology implementing power control applied to a passive antenna

POYY

— e

Figurel9 Scenario coverage witteehnology implementing power control applied to a MaMIMO antenna

The situatioshownin Figurel8can be formalized as

;(

ooyl 00 6 O @
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where P(t) is theadiated power at timéy theantennaAs can be noted the shape of the EIRP does not change
in the space but assumes higher or lower values depending on the time valueet {hiee fiation depicted
in Figurel9can be described as

0O'0OVYlr hee 0 0 0 O hkh (©)

in which there is a double dependence of the EIRP from the time, accouptisgjliterariations of the radiated
power over timeandover different directions in the 8m

In general, the exposure evaluated at the location egpréssed as

Ok |, ocoOOYRMO, kM 4)
DGR D o 00V hed , G b D (5)

Where L is the exposure level in timihatposition of the observation poiRt, is the path loss between the
source points and the observation p@nto is the functional parameter linking the EIRRhe exposure
quantities (E field, H field or power density)

The determination of the coverage area for a MaMIMO antenna, corresponding to the maximum area where th
base statioshoulddeliver the service, can be still retroctedto the classical approach as used for passive
antennas by substituting in equation (4) and (5) the envelope radiatioarmhtterconfigured powen this

case the area is the larger area where the antenna can deliver the asingbe it With this approach one

of the network design requirements capbit@ned asshownin Figurel?.

The same is not applicafdethedeterminatiorf the exposure and SIN#ce it depends:

1 on the location of users with respect tootheervation point for the exposure;
T the location of the specific user, in relation to the other users for SINR.

4.2.1 Exposure at location

Each positiorin the scenario has associated a vini@bleexposure, independeoit whether there ia user
requiringservicen that position there is . The total exposure at the position is determined by all the contributions
from all transmitters in the surroundinglependenof the technology or service. By using the formulation
adopted if4]5], a contribution is significant if the exposure ratidiEBreater than 5% with respect to the,limit

S0 transmitters generating an ER lower thaof %B& limitare not considered.

In general, and for the goal of this task, the exposure at a location is given by

0GP O Gikrs g O GO s g 6

where

1 Listhe exposure at locati@or H field or Power density S)
T Kbpassive antennd$ the number of transmitters radiating on time static beams of passive antennas
T Kwmamimo antennadS the number of transmitters radiating on MaMIMO antennas

For the aims of this project the analysis will hesfecbnly on the exposurgeneratetty MaMIMO antennas
in 5GNR Hencethe exposure of such type of devices can be expressed as

13|n this context single user does not correspond to the situation where thevaedsigestin the cell, but the situation in
which at the specific time, the antenna is serving just one user.

14The Exposure Ratio ER is the ratio between the quantity representing the exposure to the exposure limit; for E and H fiel
the quantity and the limit are squarezbtovertto power density.
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O GibDs g ~ Oo O'OYDR e , G kMO (7)

for GoB MaMIMO antennased-igure20, in which

1 Nkis the number of beams in the antenna beamset of the specific confiigurditgokth MaMIMO
antenna

PLn is the Path Loss to the observation point associated tththeam in the scenario

1
1 ~ is a unitary function that assumealueof 1 whenthe beam is active, otherwiséofthe specific time
interval

s v o o v s 8
0O GiPO S g o OOYDh D, G ke D ®

for the kth EBB MaMIMO antenna

Figure2Q Exposure contributions to an observation point

4.2.2 SINR at location

Each position in the scenario has associated a SINR dependimgtmmlgpecific frequency band assigned to

the serving BTS with potential contributions coming from Out of Band (OOB) emissions by other operators in
the same band allocated for the service (as an example band N78 for 5G NR). For the scopes of this task, tl
OOB emissions coming from adjacent channels are neglected, without any loss of generality and effects on t
results.

In the case of 5G NR, in each posi®NR exists only if in the position there is an active UE

VO B 0 Phond
VB 5 P 0 Do YD1 4 ©a 0& Qi

©)

where

1 Puseruis thereceivegbower at the location, generated byvta®IMO antenna for delivering serwiaeh
the specific beam at location

T Psamatamivo antenndS thereceivegbowerat the location generdtey thesame MaMIMQ@ntennalelivering
service tmther usersvith other beams of the same beamset.

T Pomermamivo antennalS thereceivegower at the location generated by other MaMIMO antennas delivering
service to other users.

1 ThermalNoisd) is the thermal noise over the channel at tempefatietermined as N = KTB where
K is the Boltzman constant, T is the temperature in Kelvin and B thédithidHz.

SINR can be determined once the power associated to each beam and activity of bearasdsketrangly
time,positionand user activity dependent
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5 Activities planned inTask 3.4

5.1 Background

The deployment of MaMIMO antenna technology in a mobile communication network has highlighted the
statisticatonnotation of the radiation.\asonly in 2019 that the international standemtdsduce aconcept

of statistican exposure to EMF from BT®&ith a technical repoj4], but it wasonly in 2023hat standards
implementdsome statistics by tAetualMax Approachi2][5]. Before the Actual Max Approach was introduced,

the evaluation of the exposure was considered static bnee a nt e n n a dhand canfijured powern p a
weredefined

Whenlooking at the exposure to ENtBm BTS somebasiaconceptsieed to beonsidered

1 The field level or power density level generatedpatialpoint determines the exposure that depends
on antenna characteristit&®time evolution of the powgahe position of the point in the scendEbl
environmentand, in the case ofaMIMO antennasen the position of users in the scenddin.the
otherhandthe concept of exposure has no meaning if the position of the evaluation point is not specified.
It is required to pay attentiondonceptd i ke oOaverage val ue sorfwholehe e
towndé or Othe exposure in a point i switiikspect ower
to the EMcontextis not specified.

1 A MaMIMO antenna optimizes the enedggtribution radiating onlwhere it is needed and for the level
and time it is needetthe radiationgenerateth a mobile communicatioretworkis managedn auser
basis That is a change of paradigm: from observing the exposure ioglbsg@xposure.

1 Currentlythestatisticof the communication is considered with the time statistics of thewjoletre
statistics of the spatial distribution of the radiation need to be improved and considered in the design
stages for the deployment of a Iséggon.

9 Itis required to better undersiahe mechanismshestatisticsand which statistical parameter better
characterizethe spacdime radiation distributianThis is hardo obtain by the real base station in
operational conditienSmulations can be of great help in understatitéqhenomenon.

1 Itwould bemportantto translate information acquired on the-tspece distribution of the radiation to
operationamethodologiet design thexposure

Accordinglythe exchange of experiences shared by the different stakeholders involved in the ging@etictan
enrich all the phases of the analysis with different views, differepameelifferent design methodologies for
an effective description of the problem.

The activities planned in the task are mainly devoted to thepéiceeanalysis of the radiation generated by
MaMIMO antennado extract informatigrandto define methodologies to characterize the exposure.

In this projectthere are some tasks, such as T7.3, dealing with measurements of 5GNR signals in real scenari
The exposure evaluatiat,the desigrstagesrequires the use of statistical concepts; these corarefiie
translatednto measuremerirocedures to experimentally evaltt@@xposure imealoperational conditions

Now, in [5], the methodology adopted for measurements does not consider the space and time distribution of th
radiation, leading to amerestimation of the exposure. Analysis andsrelstialined irntaskT3.4couldbehelpful

in desigimgmeasurement activities gidinganswers tthe open questions regarding the experimental evaluation

of the exposure.

5.2 Structureand Expected Results

The planned activity can be summarized as the determination of $@atendistribution of the exposure
generated by MaMIMO antenmasscenarios consideritime and spatial diversity based on askvityand
distribution expressenh terms oklectromagnetic fieta power densitin locations of acenaripas summarized
in Figure21
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Frequency FR1 & FR2

Scenario Simplified Town, Real Town, Indoor, outdoor for mmw

Transmitter Position, Antenna orientation, Antenna Pattern, Power

User’s time distribution and their related
activity

Exposure Evaluation, statistics

Methods

Figure21 The simulation scheme adopteakT3.4

The analysis is planned topegformed both in FR1 and in FR2, analysing frequencies used folTs@GANR
Division Duplex (TDD)

Three types of scenarer® planned to bmnsidered:

1 ThemodifiedMadridgrid scenariqdMMGS) it consists of a simplifiédwn scenario, the same for all
partnergerforming computations. The scenario is compsedasic tile, including buildingiseets
and green ared%e basic tile is repeated to form an arrthasthhe complex of a tows obtainedEach
tile isconsidered flaso changes in the heigii the terraimarenot consideredwhile changein the
building heighare taken into accourt detailed description of tBVIGScan be foundhisection6.1.2

1 Therealtown scenariodepending on the availability of town models by peatherworking intask
T3.4 a portion of a real town scenario is considered. The scenario consists of the digitized model of a rec
town, considerinthe shape of buildings and details of the terrain. For industrial property reasons, the
name of the town could not be declaeedwell as the file containing the scenario could not be made
available in the project. A description ofrgadtown scenario can be fouimdsection6.1.3

9 Indoor scenario the scenario represents the internal of a building including doomwindows
corridorsceilingand furnitureThe presence @fs i mp | i f i e d cduld beanclédsd tao.d~dre |
the indoor scenarithe priority is the analysis in FR2. A description of the scenario can be found in
section6.1.4

Each base station is madeofumber of radiatirgystem&quipped with MaMIMO antenn&ach MaMIMO
antenna is represented with a set of traffic beams for covering the serving areaopeofttiee projectonly
traffic beams will be considererbaning that the antenna is equipped witlofjigdtiroadcast beam for defining
theattachedireaEach radiating systdmsassociated a configured powerpse8

As indicated previously, the MaMI MO antenna act
Accordinglya distribution of users will be generated and distributed in the scenaricaas Well activity of

each user will be defined, which generates the random activity of the antenna and, cahsesppotlye, see

8.1 Eachuser will be assigned an amount of data to be downloaded in the activity session, defining the downloa
time and, consequently the activity of the antenna, fedtibn

The exposure is evaluated on observation points. For the scope of the activities, fithedtstkictly required

that the observation points correspond to points where exposure limits can be exceeded since the attention is
the timebehaviorof the exposure. Frothere,a statistical analysis will be performed to extract the characteristics
of the exposure.

Activities planneduringthe task athedesign stage can be modified on this bitheresults found.
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6 Requirementsfor Simulations

The scheme for the simulation activities to be performé&askiT3.4 is shown inFigure22 After the
parametrization of each single part oktitgeactivity, some of these are developed in this seudhtiibe some
will be decidedlong the wagiepending on the specific ne@dithe activity Initially it is planned to stawith
the analysisf a simplified scenaridike the MMGSto check and to make experiences onptbposed
approaches, as indicateddatiors 4 and5. In the second pathe proposed approaches are appli¢aetceal
scenarig indoor and outdoor, to collect data for drawing concliaimhto have some suggestifor the

activities planned taskT7.3.

First Step: Second Step:
Simplified Scenario O&I Real Scenario O&l
Real BTS Description Real BTS Description

Outputs for:
Advanced tools for Exposure, Other WPs & Tasks
Coverage, Performances metric Exposure Metrics
Task 7.3

Figure22 A schematic view of the simulation activitieesskT 3.4

Each element of the problemaisalyzedn the following s@sto let each partner implement the activity on a
common basis.

6.1 The Scenario
6.1.1 General
Outdoorsimulationgreplanned to bearried out ithreetypes ofscenarios:

1 a simplified scenario, basedl@MadridGrid Scenario (MG3$8] with some changes, as specifitt
to adapt to the scope thlistask

1 areal towrscenario

1 areduceesizescenario for simulations in FR2.

Indoor simulations are planned to be carried out in two typesradrias
9 a professional environment with offices and corridors,
1 anindustrial scenario, including simulating machinery.

Activities planned falaMIMO antennasnodeling and mapping aptannedo investigatexposure to EMF in
the surrounding of the BTS relatedawerage over large areassideringg s er s ® di stri buti on.

Simulatioaperformedon common scenasgallow partners tbave a common basis for comparing computation
results

6.1.2 The Modified Madrid Grid Scenario

The MMGS consist of anorderedand reguladistribution of buildings and open areas, separatedidgly
distributedstreetsThe whole scenariodgsnstructedy placinghe basic element, the tidertaining buildings,
open areas, and streatkseio each otheMhenconnected teach other, tiles generate continuity for the roads
on an ordered chessboard.

Eachtileisdefinedas follows

1 The tile consists @387 mby 552 marea including sidewalks, parking lanes, and raad$fiownn
Figure23 Two shapes of buildings are considered , the square base building and the rectangular bas
building
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The square base buildiags sized20m x 120m,

The rectangular base buildiagesized120m x 30m,

Building heightloes not follow the MGS rules asdlescribed in sectiérl.2.]1

The open arease sized20m x 120m,

Sdewalks surroungiachbuilding and are @ wide.Pedestrians are allowed to move on sidewalks and
overlaying elements like bus stops, building entrances, and metro dntthaddd/GS there are two
special types of sidewalks:

o Gran Viasidewalk6é m wide

0 Calle Preciadosouthnorth oriented sidewalk of 21 m between rectahgleed buildings

1 Theroadsare 3 m wide and there is always ondramee direction, accompanied by parking l&nes.
speciatype of road is Gran Viahere therareno parking lanes anyside and there atiereeroad
lanes in each directjon

Buildingd entranceare sized 3m x 3m anldgedas follows in the scenarsed-igure24,

Squardrased buildings hasixsymmetrical entrances with two possible configurations:

o0 Horizontal. Each building wall witin eastwest orientation has two entranedth the center
positioned 40.5 m from the closest building corner while building walésseiitiznorth
orientation have only one entrance with the center in the middle of,the wall

o Vertical. Each building wall wihsouthnorth orientation has two entrances, with the centre
positioned 40.5 m from the closest building corner; instead, building walls withwast east
orientation have only one entrance with the centine middle of the wall

1 Rectanghasd buildings have 4 entrances, two on each side of the building positioned 40.5 m from the
closest building corner

1 There are 8 metro statiosiged3m x 3m, adjacent to the buildings, overlaying the sidewalk, positioned
4.5m away from the closest buildings cartineis position ishownin Figure25,

1 There are 8 Bus stogige 3m x 18adjacent to the buildings and overlaying the didpasitioned 15

m fromtheclosest building corner. The position of each bus stop is sheiyare?5,

i There are Crossing lanes at the intersection with each building. Crossing lights are 3 m wide and there ¢
no traffic lightsat Calle Preciadpsed-igure26,

9 Each tile consists of:

0 7square building

o0 8rectangular buildings

0 1lopen area

= =4 =4 -8 -9

E ]

Gran Via
Calle Preciados

Longitude [m]

South — nord

Gran Via
Calle Plreciados

Est-west = Latitude [m]

Figure23 The basic tile of the MMGS
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| south-nord orientation

— est-west orientation

@ building entrance

Figure24 The basic tile of the MMGS with building entrance. Building marked in the same way have building entrances in
the same location

® Metro Station

© BusStop

Figure25 The basic tile of the MMGS with metro entrance and bus stop

== Crossing lane

Figure26 The basic tile of the MMGS with crossing lanes

The adopted coordinate system is Cartasidithe orientation of tHdMGS baseile is oriented as shown in
Figure27.
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Gran Via
Calle Preciados

Longitude [m]

Y=

Gran Via
Calle Preciados

X = Latitude [m]
Figure27. The basic tile of the MMGS with adopted cartesian coordinates

In thedatdfile representing thHdMGS each element (building and green areas) is represented asdefiokdine
byverticesThere is no need to represent roads since they are diyaimedaliildings positionin thebasidile.
Buildingentrances, bugtops,and metro stations are not represeiniéde data filsincetheydo not contribute
to the computation of theEMF field levelFile structure for the representation of the scenario

The polylinedescribing a buildiriga collection of verticea pair of coordinates represent each vemeices
arecounterclockwiseordered sed-igure28 andthelastvertex must be equal to tfirst one Eachelemenis
described by a blook information constituted by:

I Theheaderow:

0 Aninteger label representing the matriae element o label the electromagnetic properties
of eachmaterialpermittivityand conductivitgan be associated

o Two integer labels valued at zero
o A float indicating the height of the buildingmeters
o Each number is separated bysiece character
1 As manyertexrows as the number eérticeseach oneepresenting
o0 TheX coordinate (Latitude) in metefghe vertex
0 TheY coordinate (Longitude) in metefghe vertex
o Each number is separated by the space character
1 A closing vertekavingthe samecoordinategsthe first vertex
o Thecl osing block keyword OENDS®G
o The c¢cl osi nd&NDi6l.e keyword o
Thedescription filés showrin Table2, while a numerical examjdshownin Table3

Xvertex,, Yvertex,, Xvertex,; Yvertex,

height,

Longitude [m]

Y

Xvertex,; Yvertex,, Xvertex,, Yvertex,,

X = Latitude [m]

Figure28 Example ofhebuilding represented by MMGS data file
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Table2: The structure of the polyline representing a building

Material labeh O O height Header row Building 1
Xvertex 1Yvertex 1 Vertex row
Xvertexi 2 Yvertex Vertex row
é
Xvertexam Yvertex m Vertex row
Xvertex. 1 Yvertex 1 Closing vertex
END Closing block
é é é
Material labek 0 O height, Header row Building N
Xvertexy1 Yvertex i Vertex row
Xvertexnz Yvertexy 2 Vertex row
e
Xvertexym Yvertexym Vertex row
Xvertexy1 Yvertex i Closing vertex
END Closing block
END Closing file
Table3: A numerical example for the representation of buildingssicethario
10055.0 First Building: The element material is coded with the label 1 and is 55.0 m heig
0.00.0 The first vertexisat X =0.0m, Y =0.0 m
100.0 0.0 The second vertex is at X = 100.0 m, Y = 0.0 m
100.0 100.0 The third vertex is at X £00.0 m, Y = 100.0 m
0.0 100.0 The fourth vertexisat X=0.0m, Y =100.0 m
0.00.0 The closing building vertex has the same coordinate as the first vertex
END The closing building Label
2000.25 Second Building: The element material is coded with the label 2 and is 25.0 cn
0.00.0 The first vertex is at X=0.0 m, Y= 0.0m
100.0 0.0 The second vertex is at X = 100.0 m, Y = 0.0 m
125.050.0 The third vertex is at X = 125.0 m, Y = 50.0 m
100.0 100.0 The fourth vertex is at X= 100.0 ¥%100.0m
0.0 100.0 The fifth vertex is at X= 0.0 m, Y=100.0 m
0.00.0 The closing building vertex has the same coordinates as the first vertex
END The closing building Label
END The closing file Label
© NextGEM Page |36




D3.8: Analysis of 5G architecture modelling and mapghigalversion @ NextGEM

Figure29a)shows the basic MMGS tile wiiilgure29b) represents thMGS by approaching tiles each other
to form an array

a) b)
Figure29 a) the basic MMGS tile3D representatioi) the representation of a town

6.1.2.1 Building heights

TheoriginaMGSdefineghe heightof each building according to the number of floors; each floonishtgh.
Differently by MGSnitheMMGS the height oéachbuildingwas changed and defined as

Q Q20
Q o® a
0 N ulp v uniformly random distributed (10

6.1.2.2 Materials

Eachelement of the scenaifoassociatedith the electromagnetic propertigisthe different materials. Within
the MMGS there argwo distinguishe@&lementsnamely buildings and green siraad the roads made of

el ement s 8 slectpomagaeticippertiesthenmeaterels for each eleneate beenbtainedbythe
following equations whefris the frequency in GHz andis conductivity in S/m (s§€)).

- ('bz Q
, 2
" 1)
- p By 0

Parameters, b, c, dn equatior{11) arereportedn Table4.

Tabled: Parametrization of the material characteristics as defifled in

Material class Real part of relative Conductivity Frequency range
permittivity S/m

a b c d GHz
Vacuum (= air) 1 0 0 0 0.001-100
Concrete 5.24 0 0.0462 0.7822 1-100
Brick 3.91 0 0.0238 0.16 1-40
Plasterboard 2.73 0 0.0085 0.9395 1-100
Wood 1.99 0 0.0047 1.0718 0.001-100
Glass 6.31 0 0.0036 1.3394 0.1-100
Glass 5.79 0 0.0004 1.658 220-450
Ceiling board 1.48 0 0.0011 1.0750 1-100
Ceiling board 1.52 0 0.0029 1.029 220-450
Chipboard 2.58 0 0.0217 0.7800 1-100
Plywood 2.71 0 0.33 0 1-40
Marble 7.074 0 0.0055 0.9262 1-60
Floorboard 3.66 0 0.0044 1.3515 50-100
Metal 1 0 107 0 1-100
Very dry ground 3 0 0.00015 252 1-10 only
Medium dry ground 15 ~0.1 0.035 1.63 1-10 only
Wet ground 30 0.4 0.15 1.30 1-10 only
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In the MMGS:

1 roadshave been modeledconcrete,
1 green aredwmve been modeledvasod
T buildingshave been modelegbrick

Values artaken from7]and[15]

Tableb: Electromagnetic characteristics of the materials present in MMGS.

Material Relative Permittivity Conductivity [S/m]

Frequency 3.6 GHz

Concrete 5.24 0.12
Wood 1.99 0.02
Brick 3.91 0.03
Frequency 26.0 GHz
Concrete 5.24 0.59
Wood 1.99 0.15
Brick 3.91 0.04
Human Body 17.7 24.4

6.1.3 The Real Town Scenario

The real town scenario involves an exposure study in a more complex scenario than the MMGS, due to the grea
complexity of the propagation environment.

A real town often has a noegular and nearderly conformation of the streets, a-natterly layout of the
buildings and parks, green ar@adivers are in the urban environmém;randomness of the real environment
and geographical characteristics are fundamental for determining the field distribotioveatigatexposure

to EMF.

The reconstructeahd digitizednodel of a reabwn shows with high precisiomll the characteristic elements of
the city the detad of all the buildingshe orographyandthe surrounding environment, including, for example,
the green areas, the mountain reliefs, the riveEaett.element of the mathematical model of the entire city,
being distinct, can be characterizgids specificityln fact each building or any other element present in the
town is represented through a specific objedsanifjuely charactedd assigning it the correct characteristics,
such as the shape, dimensiand electromagnetic characteristitteeaworking frequencies.

The orography is represented using specific objects and there is the possibility of evaluating its impact on EM
exposure, associated with the differentiation of the territory based on orographic characteristics; there may |
extensive portions of mountairsoterritory, perfectly flat and regular portions of territory and other portions in
which the conformation of tlgroundis not perfectly flased-igure30, Figure31

a) b)

Figure3Q a) Portion of real town. b) reconstructed model
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a) b)
Figure31 a) Portion of real town. b) reconstructed model

The reconstructed mathematical model of the city is provided as an input parameter for the process of determinir
the radio coverage and subsequent calculation of the EMF exposure.

For the reproduction of a real city, one of the methodologies used is stereoscopic aero photoigrarhictetry

aerial shots taken from multiple angles are processed using stereoscopes; they are instruments that allow
reproduction of threedimensional view starting from tdinensional images. The stereoscopic reconstruction
process allows the fusion of taromoredifferent images into a single thdamensional vision and is based on

the physiological principle of the perception of iireensioniity in human visian

6.1.4 The Indoor Scenario
The aim of the indoor exposure analysis is to focus on radio propagedigmulation scenario inside buildings.

The scenarios considered will be models of real environmesasme of these environmentsasurement
campaigns can be planned depending on the development of the indoor technology, especially in FR2. The le
of detail of the models will include building plan (planimetric) info like walls, windows, etc. (as an example se
Figure32

b CRE i
AFaaciy Ein - IH ;
mERCIS 5 0l Tl
© . g S A O D | iy
- - .
= 1T L
HH k=
i i i =
Il » | 'FZE- L} I‘ L) ] w w
S ] 1 R R CRE B
ne E ;%i': mt ] i g1k || olh q] @

Figure32 Example of a real environment model with planimetric info

The wall materials considered will be the one related to the environment where measurenwamntgedolibe

and will be characterized according to the ITU_R_P[2D4port. Typically, such a list will contain concrete
walls, brick walls, plasterboard walls, glass with metallic frame. Wall thickness will range from 10 to 30 cm, (exter
walls being thicker), real values will be used when available

Two examples have been modelled and proposed to partners: an example of a small office enviFagument (see
33 and an example of an industrial hangammatthinerysee~igure34).
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Figure33 Example of an office indoor modelling proposed to partners

The office building is X714meters wide ar@lmetershigh External walls areade otoncrete and glag® cm

thick. Internal walls are 10 cm thHicick wallsexcept for the elevator shaft and stairways in concrete aad brick
which are80 cm thick; doors are made of glass 10 cm Tiiekexample is derived from a real environment in
one of TI MO&s premises.

The industrial hangar is 160 meters wide and 56 meters acra$eigithofsevermeters. External walls and
columns are made 80 cm thickconcretemachineries are made36f cm thickmetal with different height of
6,5,3 and 2 metergspectivelylhis example is a prototype environment.

Figure34 Example of an industrial hangar modelling proposed to partners

6.1.5 The Scenario in FR2

For thescope of the activities planned in Task Tt&e4yorking group has decided to analyse a scenario made up
of 3 basic tilekof MMGS.The cescription is isection6.1.2 The representation thfe environment model to use

in FR2 is irFigure35.
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Figure35 Scenaricadopted in FR2
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6.2 Transmitter

6.2.1 Position and height
6.21.1 BTSinFR1
The BTS are deployed randomly in the scemghithe followingconstraints

1 All BTS are deployatbt closer thaa minimum distanad 300m to guarantee the coverage
1 The BTS are installed on the top of buildomysornerson bordersor any position of the roof surface

1 Each BTS is at a fixed height from the roof obthllingat 4 m from the walking surfalsete that as
thebuildings have variable height, the BTS have a variable height.

EachBTS consists of

1 Upto3 sectorper layereach sector is equipped vaitklaMIMO antennar a passive antenna depending
on the frequency layer

1 Each sector is 120 degrees dpam the othersand the rotation of sectors is random with respect to
the origin different orientati®@of the antennas for each sector are allowed for coverage purposes

9 the direction of the radiation patteemnen ift is anenvelopeis the same as the direction of the sector
1 Up to 3 degreesf downtiltis consideretbr each layeuptilt isnot considered

Figure36showsan example & BTS and 7transmitters deployment
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Figure36 example of installe in the MMGS

6.2.2 Frequencies
Frequencies used for mobile services are subdividedamtggpnamely FR1 and FR&eTable6 [8] where:

1 FRlincludes frequencies below 6 GHz
1 FR2includes frequencies ttaatgebeyonds GHz

Table6: FREXFR2frequency codinigr 5G NR

Band Name Duplex Simulation Frequency: the mid of band n7
Mode
[MHZz] [MHZz]
n78 TDD 3300.( 3800.0 36000
n257 TDD 26500.® 29500.0 28000.0
n258 TDD 24250.® 27500.0 28000.0

For the aims of the activities planned in the task, the channel baissheidtbnsidered, all the power associated
to a transmitter will beonsidered asncentrated in the centre frequency of the chaom&nulations will be
performed by considering a tone at the frequency carrying all the power. This asssmpliopact on the
conclusionshatwill be drawn on coverage @axposure t&MF.
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Depending on the implementations of the solvers used to perform computations, each frequency for eact
transmitter can be considered as a frequenc)stageverage and exposure to electromagnetic field evaluations
can be managed separately in postprocessing.

6.2.3 Power

It was agreed to define a fixed power for each operating frequency for each transmitter. Starting from this arbitrari
chosen value, the simulations will be carried out using power values, assigned to each transmitter for each u:
frequency, whictouldbe fixed owvary randomly in a defined interaalpreferred by each parther example

20% from the valueeported inTable7. Please note thétansmissiompowerhasbeen establisheBIRP is
consequently obtain#troughantenna gain

Table7: Power associatadth each BTS to be used in ttmmputations

W] W]
N78 200.0 160.0 to 240.0
N258 1.0 0.81t0 1.2

6.2.4 Radiation pattern

Differently from previous generation communications sydtesgaMIMO antenna allogvfor generating

several patterns, particularly a large number of narrow radiation patterns, thgpatfomrfiorg advanced muilti

user communication. Including these particular antenna patterns in the simulations is of paramount importanc
for effectively understanding the achievable performance level, as well as the realization of the desired cover:
and he satisfaction of the exposure limits for the safety of pEopleing the antenna pattern can also greatly
helpto understand and interpret the results of measurements.

Unfortunately, there are few definite guidelines for the generation of antenna patterns oMhisikactlrers

have a stringent policy on the description of the radiatirgfructure characterist€ghdr antenna. In general,

the antenna is describesh black box, witherylittle information on the radiating characteristics, often limited

only to main parameters ligamwidth or the side lobe level, without a complete description of the pattern, for
which onlythemainazimuthal and elevatiounts areprovided On the other hand, as noted above, for the correct
simulation of the field level it is necessary to know the set of 3D patterns. The pattern description should includ
the level and directions of the sidelobes and possibisalation. The problem oftesating 3D patterns from
scarceénformation about the pattern represents an extremely challenging problem.

From a mathematical point of view, the problem of pattern identification starting from a few data points (gain,
frequency, envelope of beams) is aodiéd problem, which presents a-uoigiue solution. To identify the
solution in this set it is necegsiar introduce additional a priori information of the problem that narrows the
search set.

Following a study on the possible a priori information generally available, a choice was made based on ti
geometric and construction constraints afatimtingstructureThefirst constraint is represented by the electrical
dimension (i.e. the dimension normalized to the operating wavelength of the antenna). The physical dimensiol
of the antennas actually limit the range of fields that can be irradiated. Another chagewtraliyi available or
obtainable from an analysis of the antenna geosrefpydsented by the specificauhy structure implemented

in the antenna under test. Thdiatingsystems used in 5G are based oragalyarchitectures/hich allow a

reduction in the number of control points of the array. This structure further limits the set of electromagnetic field
configurations (beams) that can be irradiated. The apjoltaebdleads to a modeling of the array in subarrays
which includes the presence of the ground plane. An example of a model isFEava3Tn
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Figure37. Scheme of the regular array (red elements) organized into subarrays (yellow rectangles) with a ground plane
(cyan)

To obtain pattern estimation thi®delmust be complemented with some pattern information, which is typically
made available by vendiike:central frequency, horizontal and vertical beamwidth, gain, horizontal and vertical
steering, presence of electrical/mechanical tilting, and if available, one or more cuts of the radiation patterns or
the envelope pattern.

To provide all thpartners witta clear and neambiguous representation of the pattern, the data will be provided
by means of the BASTA 2.0 .3drp stanfgrd\n example of this file is providedrigure38

Reference BASTA White Paper Version:2Z.

Freque

EIRP:<void>dBm

Configured Qutput Power:<void>dBm
AAS Gain:17.8008dBi
Nominal Polarization:+45
<Data>
hi(deg)  MagAttenuation (dB)

Figure38 example of BASTA 2.0 .3drp standard

For each pattern a different plain text file has to be provided. The file is essentially divided into two parts. In the
first (marked in red in the example) some information on the file structure and the pattern characteristics (like
frequency, maximum gapolarization) are given.the second (marked in blue in the examghie)radiation

pattern is provided with 1° step accuracy in a spherical coordinate systemncéwradtenna. The provided
values OMagAttenuat i on tliedydn) irmthempreseribed sliection withhrespeat ® the ¢ t
maxi mum (O0AAS Gaindg).

UCAShas providedhe partners with the pattern files generated according to requirements discussed with the
partners, and for each pattearsummary figure containing some pattern plots and informasi@iso been
providedFinally, the envelope of all the calculated pattasniseeprovided in a separate .3drp file.
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7 Description of the Computational Tools

Ray tracing is a Deterministic Propagation Model based on the approximation of the electromagnetic wave as
ray, hamely the vector normal to the surfasefrontand uses the basic concepts of geometrical optics. Through

the concept of ray, the main electromagnetic propagation mechanisms can be easily identified; when the interact
occurs between a ray and an element present in the propagation scenariof@eteotromagnetic interactions

such as reflection, refraction, and diffractan,occur

a 3D representati

The use of ray tracing req s
t he cost of increasi

re
of accuracy of the resul t

ui
at
7.1 UNICAS simulation tool

The simulation tool realized by UCAS wunit is ORay
the estimation of the channel matrix that is established between a base station antenna and one or more termir
that are irthe external areas of a city landscape (i.e. Madrid grid or real city models). To petésiqit this
employs a ralyacing approackpecificalla ray launching (or pincushion) methgihin the activity planned

in NextGEM, RLC is used to generate computationdtistesu

The tool requires the definition of:

1 The scenario, of arbitrary size, developed on a planar ground; the buildings in the scenario are represent
asrectangular cuboids that can be arbitrarily stacked and oriented; for each item (terrain or cuboids) the
user can select the complex permittivity relative to vacuum,

1 An antenna model for the base station; the antenna model can be provided in terms of radiation pattern:
or an antenna geometry (layout and basic element type); in the latter aatenna pattern will be
calculated taking into account the polarization of the radiated field by the software,

1 A set of measurement points representing the coordinates of the receiving antenna(sg foreghiev e r 6
elementary radiators are employed,

1 The ensemble of parameters for the simulations, like frequency, number of raysaondawadhmum
number of reflections.

The tool, developed using MATLARNneratea sphere of beams departing from the base station antenna; these
beams can be reflected by the environmentoés buil d
ray can be calculated. For each reflection the reflection coefficidatilédedeconsideringhe TE/TM
components of the field so that the information on the polarization of the field is preserved.

Once the rays have been calculated, the raysotiiebue to the calculation of the field in the desired
measurement points are selected; the field is then calculated using the information on the radiation of the ba
station in the specific direction of these aagsconsidering the frepace attenuation as well as the variation in
amplitude/polarizatiodue tothe considered reflectiottsis worth noting that once the 8Sers channel matrix

has been calculated, different communication schemgsdiidf-beam or various beamforming approacaes

be considered, and their influence on the system performance can be readily evaluated.

The main advantage of Rt@nparedo other tools is represented by its capabiléydtuat¢he parameters of

the channel matrix that is created between the BS antenna and Kmowdedge of the communication channel

matrix allows the optimal synthesis of the beam radiated by the antenna, efficiently exploiting the propagatio
environment

The ability to calculate the channel matrix will be explsitegia deterministic approaaistudy the impact of
thisbeamformingechnology, which is expected to be widely used in future generation communication systems,
on the power radiated by basgionantennas into the environment.
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Figure39 Example of the calculated rays (Blue) for the connectiasdo (red) and the pattern used by the base station
for the connection (cyan)

7.2 TIM - FiberCop simulation tool (T3D e FIA)

7.2.1 General

TIMPlan 3D (TP3D) is a tool for radio coverage and channel estimation in macro/micro/indoor environments
developedby TIM. It responds to the need to hare propagatiorsimulatorfor all cell configurationsuitable

to simulateactive and passive antenmassimulatecand real scenarias any frequencyy consideringhe
electromagnetic characteristics of materials.

TP3D is suitable for designimgbilenetworks irDutdoorand Indoor Environmentsy using the following two
approaches

1 Intelligent Ray Tracer
1 Fast Indoor Analys{§IA).

Within the activity planned in NextGEM, TP8Enerates computational results. However, the TP3D tool is not
shared with omade available to NextGEM.

7.2.2 Intelligent Ray Tracer

The Intelligent Ray Tracer technique is based on optimized Ray Tracing meththddlsgmsyly reduce
calculation times and allow reasonable execution time even in large scenarios

The methodology can be schematically described with the following steps:

1 Creation of the environment model

Figure4Q example of 3D scenario in TR3D

1 Research of relationship between elespétite scenario
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Figure41 example ofonnectiorbetween elemenf the scenario

9 Field calculation

Figured2 Field calculatjon at receiving point

7.2.3 Fast Indoor Analysis

The Fast Indoor Analys(BIA), suited for projects requiring a fast design response, uses simple 3D modelling
starting from planimetrical information and the propagation model COST23&athukis the module is
integrated within TIMplan 3D, 3D Models of buildings can also beednaith the Intelligent Ray Tracing
approach anithcludedn a wider Urban environment to create an integrated simulated scenario.

{Q4+0:l

Figure43 Example of a FIA simulation
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8 Evaluation of the exposure to EMF

The fieldstrengtHevel,and eventuallyne exposure, in each observation pdegends othe followingactors

1 The power radiated on thpecificadiation pattern (beam) at the specific time frame
1 The characteristics of the radiation pattern

1 The distribution of the users

1 The scenario, including the EM characteristics of each object

On thebasiof previous sections, the following holds:

1 The exposure in each observation point is given byrtrey of all the contributions generated by all the
active beams at the specific tiram all the antennas present in the scenario. Some contributions coming
from far away base stations or from NLOS base stations could be negligible

9 Each user is active for the time required to download the amount of data required, then the user ends it
activity and does not stimulate the antenna to radiate in its direction,anymore

1 The amount of data that can be downloaded in each time frame depends on the interfererazedscenario
the total antenna activisp the power to be used to get the required SINR level can be determined

The previous statements allow to separate the specific coverage by each beam from the computation of tt
exposure level. That means a reference coverage for each beam with a reference power can be computed a p
and then in postprocessingthe exposure can hlevaluatebn the bais of the specific users and traffic
distribution.

Letusstart by discretizing the time in steps, as an exavepf@GNR Transmission Time Interval (TTL) ms)
For each time stethe followingactions can be assumsedd-igured4:

1 Management of the active set of users:
o0 Update of data amount to éewnloaded
o0 Management of the active set:
A Removal of thasers that have downloaded the amount of assigned data from the active
set
A Generatiorof newactive users to be included in the active set and definition of the
amount of data to kessigneddpwnloadepby each user
i Determinationof SINRat t he user6s position
9 Determination of the amount of data to be downlgaded
91 Determination of the field leed position

Power per Active Beam
Download per User

Figured44 A schematic view of the computation process

The exposure level in a specific pbartd atspecific timas a function of thective usarequiring downloading
an amount of data can be defined as:

15SINR is assumed to be evaluated in the specific time step; this is an acceptable approximation within the time step

16 The position of the observation pdimgeneral is not the saagethepositionof the use
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where

f 'O n is thesquaredotal electric fieldor magnetic field or power densitithe specific poirdndat
the specific time
1 Kegrsis the number of BTS contributing to ehg@osure
9  NkoeamdS the number of beams for each BTS
f O nfio is the squared total electric field (or magnetic field or power detiséydpecific poirdand
at the specific time generated by the specific beam of the spegific BTS
1 "Yy 0 isaunitary function thassumesgalue 1 ithebeam is active at the specific tieg otherwise
isQ
The electric field (or magnetic field or power density) in a specific panaapmkcific time is given by the
addition of all contributions coming from all the active beamisg each usgenerated bgll theBTS in the
scenarioEachfield contribution dependsn:

9 the positiorof the evaluation poiim the scenario,
1 the serving beam

1 the poweiassignetb the beam

9 the position of the users in the scenario

While timeadvancem steps, the exposuie points and/or all over the scenadan be determinathd thus
obtaining the time evolution of thgposure in the observation pah&t depends on activity over irulated
scenario.

8.1 UsersDistribution manages the exposure

8.1.1 Amount of data assigned to each user

In a recent publicatiofi,0] the forecast for the next years of the amount of data traffic per smartphone per month
and per geographical aregeportedThat could be theasidor the determination of the amount of data expected

per month that could be usedtlasbasis fobordering the activity of each user in the scenario.[E@)rfor

some countrieshe amount of data per month per smartpheskown inTable8, in the same table there is an
extrapolation to the amouwftdata downloaded per daysimplyspreadinghe montly trafficover aday.Those

figures could be used as input for the simulations to dedireactigit$ per day

Table8: Estimate of thdatatraffic per month per smartpho(ieom [10).

Country GB GB GB
Monthly Daily Monthly Daily Monthly Daily

Western Europe 27.00 0.90 43.00 1.43 64.00 2.13

Central and Eastern Europe  19.00 0.63 30.00 1.00 43.00 1.43

Once the amount of data per day is defined, the amount of data per session of activity per each smartphone c
be estimated. If it is supposed that each smartphone periodically attaches to the network for downloading dat

that could be used adasis to establish the amount of data per session. As an example, if each smartphone

performsan activity every 15 minutes, then the amount of data that can be downloaded in 2023 per session is 9
MB in Western Europe

Two furtherrefinements can be assumed:
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1 By type of activityas amxampleit can be assumed to distinguish the downloaded data per activity type,
as an exampiwice call, normdbwnloadactivity and hugectivity(intendedas heavy download session,
as an example streamjrggch one having a different amount of downloaded data

1 By randomizing the amouwftdownloadedataper activity

All the previous assumptions contributelééiningthe time each smartphoremainsactive on the network,
contributing tadefiningtheexposure in an observation point.

Of coursethe previousiumbersare assumptignother assumptions can be adoptethépartners performing
computations.

8.1.2 Capacity of eachbGNR BTS equipped with MaMIMO antenna

Whatis described in secti@l.lindicates the downloaded data per smartphone per session; the time required to
download the assigned amount of data to each smartphone depends on the capacity of the MaMIMO antenna:
deliver data, by the number of active users per unit patidhthe interference environment in the specifie time
space point.

Sinceat the moment of writing of this report, the load of 5GNR BTS is not so high, to establish the day capacity
of trafficdownload per BT,$he following approach has been used

13 Italian towshave been selected (big town to medium fown)

13 heavy loaded cells 4@athper townhavebeen selected

Each cell has been observed for 7,days

Thecounter monitoring the throughpeported over 15 minutes eactcellhas been considered,
Each cell throughput has been scal&GdR band (100 MHz)

A function linking the amount of data downloaded every 15 minutes hgerierateds the average
over the observation period and over all theatelte timethroughput.

ENE I I

The function allows to define the global activity of the equivalent 5GNR cell duringrtheradeyonumber

of bitsdownloaded per quarter of holiiconsidering the amount of data assigned to each smartphone per activity
session, as describedifh.] that allows to determine how many users are active in that specific time interval.
Figured5shows the time to load function of the BifiSvhich the origin corresponds to midnight

140.0
120.0
100.0
80.0
60.0

40.0

Average Downloaded Traffic [Ghit]

20.0

0.0
0 20 40 60 80 100
Quarter hour of the day

Figure45 Downloaded data per quarter of hbyithe cell

8.1.3 SINR to Throughput

In publication11]it is reported the downlink level throughput on thes bashe characteristics of the 5GNR
technologyFigure 48)for the purposesf taskT3.4 the top yellow line reports a max throughput of 1.752 Gbps

This figure can be used to establish the amount of data that can be delivered to the specific user in the time inten
used in simulations. Once the SINR at the specific location where tlaeaiseeterminedthe amount of

delivered data is knowndthenremowed from the payload untiépletion After thaf the user is removed from

the active set.
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Figure 1: Results of SUT Model — Downlink (for a DL/UL ratio of 3:1)

Mbp:

Figure46 Downlink link level throughput

By expandingquation (9)SINR at uselocation carbe determined on the base of the active beams from the
same base station and from other base statittvessurroundinin the specific frame
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where

1 Pump,t) is the received power by the userlatation in the specific time intergaherated by the
serving beam m

1 KTB is the thermal noise power

T 0 ¢ amm is the received power coming from the active beams of the sameHgTS at

user location in the specific time intetvf&rent by the serving beam

N is the number of active beams of the same BTS serving the user

0 ¢htmho is the received power coming from the active beams of other BESusér

location in the specific time interval

1 Kis the number of surrounding BTS

T (p,t) is thespacdime position of the user

1
1

8.1.4 Userstime and Space distribution

Section 8.1.1t0 8.1.3allowthe establishment of the amount of data each user can download and the time the user
stays active on the network, resulting in the MaMIMO antenna geiadoating toward the location of the user

for the time required. It remains to define where thésuseated in the time and the space in the scenario. For
the scope of thiaskT3.4

1 the time position has been selected randomly in the specific quarter of hour

9 the space positiaaselected randomly in the coverage area of eachitBT&0 approaches:
o only in the streets of the scenario
0 everywherestreets and building reof

Ot her us e rssah bedadoptedrby partnérs. o n
8.1.5 Power level assigned to each beam
For the aims afaskT3.4 the power assigned to each beam has been determined in the following way:

1 The configured power is subdivided among all the active beams of the MaMIMQ antenna

1 A maximum number of simultaneous sisan be served at the same tiwtéchis done in order to
avoid a reduction of the traffic coverage area of the cell

I There is not a power control mechanism that reduces or increases the power on the base of SINR at us
position.
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9 Simulations and Results

9.1 UNICAS Simulations and Results

9.1.1 Antenna model

With reference té&igure47, the numerical model we propose for the pattern is relative to a planar array in the
oftr plane. This array is built by a regular . grid of subarrays, with a horizontal spacing between the
centres of the subarraysfofand a vertical spacing between the centers of the subafaySauh subarrays

has- - elements, with spacifgsandr) , inwandd directions respectively.

Z

Figured7 Array scheme: ajftr view; b) perspective view; ¢) spherical coordinate system employed.

We will consider the possibility of exciting the radiators with the same amplitude but with a climyarlable
increasinghase shift on the array level (onitheolumns and thé rows), and a fixed lineaigreasing phase
shift on the subarray rows (i.e., allowing a vertical tilting of the beam on a subarray level).

Using a standard spherical coordinate systemHigsitied 7c), neglecting an inessential multiplicative constant,
the amplitude of the electrical field radiated by this system at the specific whvelex¥Xjh can be written as:

. . . . . - 1
Ofm OfM™OfM ™M ™OfmMm O [m a9
where’O [ is the element factor and:

o~ £ , e (15

Ofm O rQ OHAIM o
.~ , e (16)

Ofm O 1Q AIfO VU

- e 1
Ofm ©O rn OHAIM o
"O-+Ho O 1H AT-00 18

withy ¢aRn, 6 OFTATmOandd AT[Oare obtained according to the wanted pointing direction

[ M andy A 1[0 defines the vertical electrical tilting for the subarray elements. The fnqtiois
the Dirichlet function, or periodic sinc function, defined as:

19

% fora#2nmandn e Z
Dp(a) = n(P-1)
(1) fora=2ntrand n e Z

Several choices are possible for the element'@dtdh . Focusing on elementary sources, we have:
f Vertical DipolesO —H#6% O E+
f Horizontal DipolesiO —Ho p OENAT®
f Diagonal 1T 0 (deg) DipoleSO —Hbo p OERI®W AT-OT¢
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f Circularly Polarized Dipolé&: —éo p OEAT% ATON OEIAT® Al-OT
To take into account the presence of a reflective ground plane (the cyanBiguagddn), we can modify the
mentioned element factor in the following way:

. ¥ . - . (20
O —Hbo O —Hko p wQ

whereny is the distance of the source from the ground planeé) @e complex factor that could be used to
approximate the effect of a rinleal norinfinite ground plan&) pin the case of an infinite PEC ground
plane).

According to the results publishedl] the model shows good agreement with the pattern of commercially
available antennas, and it is worth underlining that once the physical model parameters have been retrieve
patterns for different frequencies/pointing directions can be easily generated.

9.1.2 Generated pattern for FR1

In this Section we will describe the antenna pattern generated at the University of Cassino and Southern Lazio 1
the reference antenna OREFO0206. The synthesized ar
discussed with the partnarorder to obtain an antenna that behaves similarly to the antennas currently sold by
manufacturers for FR1 5G applications while being independapiedfic manufacturer choices. The
specifications are listedTiable12

Table9: Parameter®r the FR1 Antenna

Frequency HPBW Range Step HPBW Range Step
[MHZz] [°] [°] [°] [°] [°] [°]
FR1 3600 10 -60;60 5 6 -4;12 1

1 The synthesized antenna is constituted by 12x12 radiators, organized in vertical sulederagatef 2
The elements of the subarray are excited with equal amplitude signals, with a phase shift that electronica
tilts the beam of 4° vertically (to better cover the requested vertical range).

1 The radiators are +45° elementary dipoles, built onideaireflecting screen in order to achieve a small
backfire radiation.

We have calculated 425 possible patterns organized in a regular grid (25 horizontal and 17 vertical directions).
highest directivity beam has a directivity of ab
horizontal beamwidth of about®lénd a vertical beamwidth of about 6°. The directivity of the other beams, as
well as their beamwidth, slightly changes with the scanning of the beam.

The pattern data is provided in separate files; for each pattern 2 files are gibased t8drp BASTA 2.0 data
file, and a summary figure containing some pattern plots and information.

As an exampl eUNIGAS REHYZ 3600 B180AMb Ranal Generic_draft.3dm

T UNICAS_REFO02identifies the antenna

1 3600provides the frequency in MHz

9 B1309dentifies the 13th horizontal directicht h ver t i c al direction (in t
1 -45specifies the radiating element polarization employed.

In the image file, the left side contains a cartesian plot and a polar plot of the vertical cut of the pattern relative t
the specific G direction (blue curves); the right
of the pattem , relative to the specific G direction (ble
vertical and horizontal pattern relative to the main beam, and a 3D view/imagemap of the overall pattern. The
name of the pattern, its calculated hor@bmrtical beamwidth as wadthe directivity are also provided in the

figure. An example pattern is provideBigure48
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Figured8Example pattern for the FR1 antenna synthesized, relative to the file
UNICAS_REF02_3600_B1309_ +45 Pencil_Generic_draft.3drp

The envelope of all the calculated patterns is provided in a separate file. The name of this file is

OUNICAS_REF02_3600_E425_-45_Envelope_Generic_draft, w E425_€4500 st a rEdvelopéafr 0
425 overal!l p at t Ehe engelope pattdrn pMtdsSovideBigured®. i zat i on 6.

BW ¢ = 114.5093(deg)
0 UNICAS_REF02_3600_E425_+-45_Envelope_Generic_draft )
p 0 N — s 0 N
10 /
-150 150
[ EEE—
02 04 08 o8 1
180° ¢ . Dirg = -12.7752(dBi) 180°
; —0
2 10
= =20
150° . -150°
-30
60
120 60° N ooonoo00000 0 - -120° -60
BENFTRTISSINBE
90 g -90

Figure49envelope Patten for the FR1 antenna synthesized, relative taJIRECIS REF02_3600 E425- +
45 Envelope_Generic_draft

9.1.3 Generated pattern for FR2

In thissection we will describe the antenna pattern generated at the University of Cassino and Southern Lazio fc
the reference antenna OREFO036. The synthesized ar
discussed with the partners, in order taiok#n antenna that behaves similarly to the asitemrently sold by
manufacturers for FR2 5G applications while being independent from specific manufacturer choices. The
specifications are listed in the following table:
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TablelO Parameters for the FR2 antenna
Frequency HPBW Range Step HPBW Range Step
[MHz] [°] [°] [°] [°] [°] [°]
FR2 26000 5 -60;:60 3 55 -12:12 2

I The synthesized antenna is constitft@®x20 radiatorrganized in vertical subarrays of 2 elements.
The elements of the subarray are excited with equal amplitude signals without a phase shift.

1 The radiators aee45° elementary dipoles, built on a-it@al reflecting screen in order to achieve a
small backfire radiation.

We have calculated 533 possible patterns organized in a regular grid (41 horizontal and 13 vertical directions). T

highest directivity beam has a directivity of about 30.7dBi, and is pothted amd (i=0°, and shows an
horizontal beamwidth of about 5° and a vertical beamwidth of about 5.5°. The directivity of the other beams, ac
well their beamwidth, slightly changes with the scanning of the beam.

The pattern data is provided in separate files; for each pattern 2 files are gibased t8grp BASTA 2.0
data file, and a summary figure containing some pattern plots and information.
As an exampl eUNIGAS_REHYZ 26000 IB210#baPereil_@eneric_draft.3dm

1 UNICAS_REFO03identifies the antenna

1 2600Qprovides thérequency in MHz

1 B2107dentifies the 21horizontal direction7thv er t i ¢ a | direction (in this
1 -45specifies the radiating element polarization employed.

In the image file, the left side contains a cartesian plot and a polar plot of the vertical cut of the pattern relative t
the specific G direction (blue curves); the right
of the pattem , relative to the specific G direction (ble
vertical and horizontal pattern relative to the main beam, and a 3D view/imagemap of the overall pattern. The
name of the pattern, its calculated hor@bmrtical beamwidth as wadthe directivity are also provided in the
figure.An example pattern is providedrigure50.

(dB)

dBi
a o N
o 3 @ B8

dBi

(dB)

5 | | : ’\ A
2 ] 0 1 2
AW AL EHLE AW N ‘ N
PELCLLP PP O PR RS OLP SERPSLL PP PR LSRR E
BW 0= 5.5101(deg) BW o = 4.9688(deg)
UNICAS_REF03_26000_B2107_+45_Pencil_Generic_draft ;

0 ¢
-90' 90
) 0

%
-10 @ -10

-30
20 20

-120 -60°

90 v o -90

Figure50Example pattern for the FR2 antenna synthesized, relative to the file
UNICAS_REF03_ 26000 _B2107_+45 Pencil_Generic_draft
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The envelope of all the calculagmtternsis provided in a separate file. The name of this file is
OUNICAS_REF03_26000_E533 -45 Envelope_Generic_draft , whEbB3e+4500 st ands f
OEnvelope of 533 overall patterds withlarizati@The envelope pattern plot is provide&igure51

0

25

a ] o 30

) 2
0 } A 20
i& X s 0 5

2
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! @
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5 ‘ 1} 5
] Lg:- 0
‘ 5
1 -

5

PEIPCLLPIP PO PP PP PO PP SERLELLL PP PR LLL PRSP
BW ¢ = 29.1035(deg)

BW ¢ = 109.0949(deg)

¢

7] UNICAS_REF03_26000_E533_+45_Envelope_Generic_draft
00

150°

Figureslenvelope Patten for the FR2 antenna synthesized, relative tdJiRECIAS REF03 26000 E533 +
45 Envelope_Generic_draft

9.1.4 Generated pattern for INDOOR

In thissection we will describe the antenna pattern generated at the University of Cassino and Southern Lazio fo
the reference antenna OREF046. The synthesized ar
discussed with the partners, in order to obtaémemna that behaves similarly to the ardennantly sold by

manufacturers for Indoor 5G applications while being independent from specific manufacturer choices. The
specifications are listed in Trablell

Tablell: Parameters for the Indoor antenna

Frequenc HPBW  Range Step HPBW  Range Step
[MHZ] [’] [’] [’] [’] [’] [’]

FR1 3700 15 -45;+45 8 10 0 1
INDOOR

1 The synthesized antenna is constituted bsaBlicdors, organized in vertical subarrays of 8 elements.
The elements of the subarray are excited with equal amplitude signals without a phase shift.

1 The radiators aee45° elementary dipoles, built on a-itt@al reflecting screen in order to achieve a
small backfire radiation.

We have calculated 8 possible patterns (8 horizontal pointing directions). The highest directivity beam has a
directivity of about 23.2dBi, and is pointedH° and(i=5.8°, and shows a horizontal beamwidth of about

14.8° and a vertical beamwidth of about 10.1°. The directivity of the other beams, as well as their beamwidth,
slightly changes with the scanning of the beam.

The pattern data is provided in separate files; for each pattern 2 files are gibased t8grp BASTA 2.0
data file, and a summary figure containing some pattern plots and information.
As an exampl eUNIGAS REFRV4L 3700 B4@i45nPemeie Geheric_draft.3dm
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UNICAS_REFO04identifies the antenna

3700provides the frequency in MHz

B40lidentifies thethorizontal directions i ngl e vertical direction (in
-45specifies the radiating element polarization employed.

= =4 —a =2

In the image file, the left side contains a cartesian plot and a polar plot of the verticapaitieoh tredative

to the specific G direction (blue curves); the r

cut of the pattern, relative to the specific G ¢
the \ertical and horizontal pattern relative to the main beam, and a 3D view/imagemap of the overall pattern.
The name of the pattern, its calculated horizontal/vertical beapanidithe directivity aséso provided in

the figureAn example pattern is prded inFigure52
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Figure52 Example pattern for the INDOOR antenna synthesized, relative to the file UNICAS_REF04_3700_B401
45 Pencil_Generic_draft

The envelope of all the calculated pattern is provided in a separate file. The name of this file is
OUNICAS_REF04 _3700_E8 +45 Envelope_Generic_d@aff wE& 48 &t a rEdwelopéaB 0
overall patterns Wit polarizatidThe envelope pattern plot is provide#igure53
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Figure53envelope Patten for the INDOOR antenna synthesized, relative to the file
UNICAS_REF04_3700 E8 +45 Envelope_ Generic_draft
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9.1.5 Simulations in MMGS

Current generation 5G systems mostly adgid-of-beam approach to provide coverage in the areas of interest.
In the futurea further increase in performaigexpected thanks to the use of more sophisticated beamforming
schemes that exploit eigsams to improve system throughput and guarantee more effective multiplexing
schemes.

In this sectioywe will try to perform a preliminary assessment on the relevant qddstiomuich the use of
advanced beamforming schemes atffeeffield levels to be expected. The general analysis of this problem is not
straightforward, and it would be beyond the scotiee dfextGEM project, so we have focused on a specific
problem, the variation of radiated power by the Base station antenna when itdéfaptoybeamforming
schemes.

More specifically, we have selected the following simulation parameters:

1 Modified Madrid Grid Scenario as communication environment

1 Use of the antenna REF02, working in FR1 band and described irdSke@aeabasestation antenna.

1 P=1000 randomly positioned user terminals located in one of the squafatee@dMGSn order to
elaborate coherent sets of data (with similar angular spreading of tl@digmedssignificant variation
of the distance to the base station.

1 Use of the Ray Launching Software developed in Cassino to identify the amplitude and phase of each pa
that is followed by the signatriavellingrom the transmitting BS to the user, as depictédimes4.

100

Figure54 Examples of the paths calculated with the Ray Launching Software

The analysis has been performed following these steps for each one of the randomly positioned users:

1. Evaluation of the power level received by the user employing each one of the 425 beams synthesized fi
the REF02 antenna using a referémracesmitted power of 1W.

2. ldentification of the beam that allows the highest received power levaluated in dB

3. Calculation of the base station radiating element excitation according to the conjugate mét8hing rule
to evaluate the characteristics of the resultingledgenpattern

4. Evaluation of the power level evaluatedn dB received by the randomly positioned user using the
calculated eigdyeam pattern with a reference transmitted power of 1W.

5. Evaluation of the difference between the posvers 0 0 ; this difference is always a-negative
numbersince the eigdmeam is, by definition, always able to perform betteanlyasther pattern.

The value o may havéwo different interpretations: we can see it as the power increase at the receiver that can
be achieved by empiiog the more sophisticated communicagarerbeamformingor it can be seen as the
possible reduction in radiated power that can be obtained by using hea@derming guaranteeing the same
performance level for the user served by th@fjbidam system.

In the following figures, froffigureb5to Figures8 weanae f our di fferent squares
In each figurewe can see five subplots: in subplot d), we have a plot of the scenario with emphasized the squar
(blue) and the position of the BS antenna; in subplot a), we have the absolute power level received with the gri
of-beam approach; in subplot b), we hheepbwer level difference; in subplot c), we have a scattering plot in

which for each user we have the relationship between the received power level with the GoB approach, and tt
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variation in power level; in subplot ), we have the cumulative density function for the distribution of the variation
of power level.
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Figure55Analysis of square A
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Figure56 Analysis of Square B
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Figure58 Analysis of square D

The analysis of the results seems to show gierildsin the four squares; in particular, it seems that the power
variation is usually limited, below 1dB, and the scattering plot relating the variation in power level and the absolu
receive power with GoB seems to show dikekhape: the improvemenngstigefbeamforming is very limited

when the received power is already very high, because of the presence of a-stik&ighticemponent, and

when the received power is very low (when alltie qunnecting the BS with the user show a strong attenuation)
since the eigemeamforming can only better exploit paths that are already present in the environment. To achieve
a better insight on the difference in power levdtggume5% we have collected the cumulative density function
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related to the four different squashswn inFigure5%. In particular, the two squares, A and C, that are closer
to the BS, show a value that is greater than 1dB in 26% and 20% of the cases, while for the farthest squares, B
D, this percentage drops to 13 and 7%.

Analyzed Environment

0 0.5 1 1.5 2 25 3 35 4
A Power Level (dB)

Figure59 Summary of the difference in power level achieved in the four squares

These results are also confirmed by other simulations on different squares and streets, employing a differe
positioning of the transmitting antenna that have been performed but are not presented in this report for the sak
of conciseness.

Two considerations can be inferred from the shown results.

The first regards the use of gofebeam for the realization of simulations regarding the EMF power levels
evaluated for security issues: theajfimbam could provide an overestimation of the real field levels, but the
achieved bounds are more thanomrsisle.

The second regards the effective advantage of usingegsiggarming in 5G communication systems: the
improvement in terms of power level is mostly limited, and the increase of the coverage or the increase il
performance that could have been expeciedtisd. The use of eigbeamforming schemes seems to be much

more appealing for the increase of multiplexing capability of systems, i.e., the ability for the base station anten
to activate quality contemporary connection with multiple users at théotiraeer some publishedesultan
theliterature suggest that also, in¢hie, the bounds calculated witha@friobeam approach should be sufficient

to achieve a trustable assessment of the EMF levels in covered areas.

A final notice on this point is required. The use of GoB is reliable if the position of the user is within the coverage
area of the grid, otherwise the obtained results may be inconsibignteB andFigure61lwe perfornthe
same analysis that has been conducted on the squarestreets

The first, street E depictedrigure6Q it is orthogonal with respect to the pointing direction of the BS antenna,
and the results are very similar to what has been achieved for the squares: apart from a larger spreading of
absolute power levels of the user signals, due to the fact thatahest r epr esent s a mor e
with respect to a square, a difference in power level graafi@tBlia rarely seen, and in no case we have more
than 4dB difference.

The second, street F depicteBigure6ld, is instead parallel to the pointing direction of the antenna, and we can
see that there is a nroagligible probabilityf findinga value o8 greater than 10dB. The analysis of the top
center subplot allows us to identify that the points for which this phenomenon occurs are the ones closer to the
antenna. More precisely, these points are l@atdledstarting points of the street, very close to the BS, but not

in positions that are directly served by the main beams of th#-Be@m; when using GoB, those points are
served by the sidelobes of the pattern, but the overall received powewgis becabse of the proximity of these

points tothe antenna. The eigb@amforming is, instead, not limited to specific directiorcaafotus a beam

in any direction. Consequently, the significant difference in field levels observed close to the antenna is due to t
fact that these points are not covered by thedbidams (GoB) but are covered by the digamforming.

This leads to misleading estimation of the effects of using-bigmforming technology instead of ¢arfid

Beams (GoB) technology when this effect is analyzed at these points.

Summing up, as far as the GoB system is designed to effectively cover the range ofnpodtite thaslyzed,
the achieved results allow an efficient assessment of the overall power levels.

© NextGEM Page |60




D3.8: Analysis of 5G architecture modelling and mapghigalversion

() NextGEM

Absolute Power Level (dBm/W.,) A Power Level (dB)

40 35
1000 l 1000 3
900 :g 60 900 u;

b

800 . 800 28 g2s N

-80 = 5
700 700 3 ,g g
600 800 3 s R8I
500 -100 500 15 2,5 A b
400 400 & . il
300 -1 120 300 . R 2 30 Sl 3
200 200 o e - .'. )
100 -140 100 T A“l”. O]

0 AT
600 800 1000 a) 600 800 1000 b) -140 -120 -100 80 60 40 C)
Absolute Power Level (danW,x)

08

06

cdf

04

0.2

0

0 05 1 15 2 25 3 35 4
A Power Level (dB)

d) e)
Figure6Q Analysis of street E

Absolute Power Level (dBm/W_., ) A Power Level (dB)

40 20
1200 1200 18
16 -t
1000 o 1000 3 |,
14 15 L] e
800 800 g N
s ' .
80 12 E !
[ Y AR EYS— s esssmee— =10 3T
-100 . . L
400 400 8 E H -
6 < ':
200 120 200 "j 5 » 1
4 Wt
0 0
2
-140 e,
| | 1 I N N o Ml §
400 600 800 1000 a) 400 600 800 1000 b) -140 120 -100 B0 60 40 C)

Absolute Power Level tdBrrM'x}

Analyzed Environment

08

0.6

0.2

0 5 10 15 20
A Power Level (dB)

d) e)
Figure61Analysis of street F

© NextGEM

Page |61




D3.8: Analysis of 5G architecture modelling and mapghigalversion @ NextGEM

9.2 TIM - FiberCop Simulations

9.2.1 Simulations in MMGS Scenario

The following approach has been used for simulatihesMiMGS scenario:
T MMGS scenario consstf an area 3x3 Kwide see Sectidh 1.2

1 7 MaMIMO antennas have been considered, 1 antenna for each corner, 3 antennas in the centre of th
scenario for which each antenna is 120 degs from the other:
0 Antenna 1: position x=457m, y=3110m, z=60m, pan 135wedwnicdllt O degs
Antenna 2: position x=2777m, y=3106m, z=60m, pan 225d=ggniddt O degs
Antenna 3: position x=3072m, y=344m, z=60m, pan 315negsaniddt O degs
Antenna 4: position x=363m, y=341m, z=60m, pan 45rdegbaniddt O degs
Antenna 5: position x=1754m, y=172&@r60m, pan 0 degsechaniddt O degs
Antenna 6: position x=1754m, y=172&r60m, pan 120 degeechaniclt O degs
Antenna 7: position x=1754m, y=1726m, z=60m, pan 240tedgnicélt O degs.

OoO0OO0Oo0Oo0o

|
T O 2 8 i

([ Ml
\ AIIIIIIIIII=IIIII

A

A
=
B
&

Figure62 a)a scheme representing the positions of the cells in the EiMd®pa 3D portion of the MMGS scenario
radiated by 1 beam) exposuralonga street surrounded by buildings

1 Each antenna is equipped with a set of 117 beams, distributed ex®r 3 lay
o0 Layer 1, made of 39 beams2 idegdheamformingilted
0 Layer2, made of 39 beams, is 4 dsgmmformingilted
0 Layer 3, made of 39 beams, is 10 kmywformingilted
0 Each layer covers 120 degs in azimuth
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Azimuth View

Elevation View

Figure63 Schematic representation of the beams each MaMIMO antenna can igeasnaw¢h and elevation.

1 Each antenna has 200 W configured power
1 An 82 TDD pattern has been adopted, DDDDDDDDUU, as showfigare64 Each TTlis 1 ms.

Frame N Frame N+1

Downlink TTI 1
Downlink TTI 2
Downlink TTI 3
Downlink TTI1 4
Downlink TTI 5
Downlink TTI 6
Downlink TTI 7
Downlink TTI 8
Uplink TTI 9
Uplink TTI 10
Downlink TTI 1
Downlink TTI 2
Downlink TTI 3
Downlink TT1 4
Downlink TTI5
Downlink TTI6
Downlink TT1 7
Downlink TTI 8
Uplink TTI 9
Uplink TTI 10

Time
Figure64 The TDD schemesed in simulations. The MaMIMO antenna radiates only in the downlink TTI.

1 The dbservation period is a whole day, discretized in steps of 1 ms, conSi6tihgillion iterations.
9 Cell Load has been obtained with the procedure indic&tdiam8.1.2
i For each user:

o The payload has been estimatgtiO] seeSection8.1.1 with the following assumptions:

A The monthly payload has been equally subdivided per each day of trendhpeth
each quarter @nhour of the day

A Three typsof services have been supposed:

1T oDownl oad©é: maxi mum payl oad per serv
[10] equally divided by 30 days in a month, by supposing each usserlrequire
service per quarter of hour, see Seétibr resulting in a payload ©# MB
per sessiorthis service represemtsiata connection for, as an example, web
navigation. Payloaizeis randomized with uniformdiystributed function.
1 oPhone calt maximumpayloadoer servicés 0.94MB, representind.0% of
O0Downl oaddé payload service
1 oHugeDownload: maximum payload per serviced#B, representingbout
S5timesthpayl oad of oOoDownl oadod service
1 A mix of the three services, based on percentages, is adopted during the day (ex:
20 %0 Rone callg 70 6 DBwnload, 10%0 geDownload.
o Foreach TT]lthe SINR at user locations has been evaluat&dcters.2.2
o Throughput is based on the Ofcom link curveSeetorB8.1.3
o Service Time durationtéken from the payload divided by the througlgite the payload has
been randomized for each sentluen the service time duration for each usarizble.
0 User position in time igniformly randomdistributed.User position in space is uniformly

distributed over the serving region of the cell, positioned everywhere in the t¢outsidlea
buildingspr only on the streets.
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o From the amount of data per each user and cell capacity, the number of simultaneous users
requiring services is determined.
o Simulations have been performed with a different number of active users served simultaneously
from 1 to 5 to prevent service coverage issues.
o Power has been equally divided among all served users per.each TTI
o After completing the service, therise@emovedrom the list of users to be served.
1 Observation points are the most exposed point for each cell or randomly distributed over the scenario
1 Results have been generated in terms of:
o Time distribution ofime-averagedellpower for each cell
A 360 and 1800 s time average has been considered as indtidatead{2j
A Step average and rolling average have been considered.
A CDF and PDF of the averaged pawer
o Time distribution of the averaged electric field foolikervation points:
A 360 and 1800 s time average has been considered as indtidated[2];
A Step average and rolling average have been considered.
A CDF and PDF of the averaged electric fialte been calculated
A Short time exposure, léean360 s, as required [y, evaluated in terms of incident
energy.
1 General parameters
o 5GNR Band: 100 MHz
External Temperature: 25.0 Celsius
TTI Duration: 1 ms
Receiver Gain: 0 dBi
Receiver Noise Figur&0dB
Frequency3600.(0MHz

Simulations have been performed by following the pattern repdraddieit?.

O O0OO0OO0O0o

Tablel2 Simulation path for MMGS Scenario

[GB]
Testl Streets 5 27 20% Voice, 70%/eb Surfing
10% Huge Download
Test2 Street & 5 27 20% Voice, 70%/eb Surfing
Buildings 10% Huge Download
Test 3 Streets 3 27 20% Voice, 70%/eb Surfing
10% Huge Download
Test4 Streets 10 27 20% Voice, 70%/eb Surfing
10% Huge Download
Test5 Streets 5 43 20% Voice, 70%/eb Surfing
10% Huge Download
Test6 Streets 5 64 20% Voice, 70%/eb Surfing
10% Huge Download
Test7 Streets 5 27 100% Voice
Test8 Streets 5 27 100%Web Surfing
Test9 Streets 5 27 100% Huge Download

Note:data fromEricsson Mobility Report November 2023
9.2.1.1 MMGS ScenarioTest I Reference

Tablel3reports the statistics of the power radiated by each cell for the specific example. Since the same load
each cell has been assigneds=samn8.1.2 averages amsthindard deviatiom® not differamong celldt can

be noted thafor theparametrization used, tim@ximum of thaverage radiated powesh®utl0 % of the total
configured power.
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Tablel3 Cell Radiated Power

Min  [W] 2.6 2.2 2.4 2.5 2.6 2.7 2.7
Max [W] 164 162 16.6 164 165 166  16.3
Mean [w] 111 111 111 111 111 111 111
StdDev  [W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1

Step Average
360s

a Min  [W] 2.5 2.1 2.3 2.3 2.4 2.4 2.5
gﬁ Max [W] 169 17 171 17.4 167 171 17
E § Mean [w] 111 111 111 111 111 111 111

< StdDev W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1

Min  [W] 3 3 3 3 3 3 3
Max [W] 154 154 154 154 154 154 154
Mean [w] 111 111 111 111 111 111 111
StdDev  [W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1
Min  [W] 2.8 2.8 2.8 2.9 2.9 2.8 2.9
Max [wW] 156 157 157 159 157 156 15.7
Mean [w] 111 111 111 111 111 111 111
StdDev  [W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1

Step Average
1800s

Rolling
Average 1800¢

Tablel4 shows the highest value of the Incident Energy Density computed in the most radiated Point of Control
for each cell when considering contiguous actives@d@ ICNIRP2020

Tablel4 Incident Energipensityfor exposurgéimelower than 6 min in each Point of Corifrol

Maximum Number of 8 8 8 8 8 8 8
Contiguous Active TTI

Incident Energy [mJ/m?] 2.7 4.0 8.8 130 3.2 2.1 3.3
Density

ICNIRP2020 Limit [J/m2] 7845 7845 7845 7845 7845 7845 7845

Figure65shows the radiated power by each cell step averaged over 360 s. Since the load of each cell is the sa
as expected, the radiated power is almost the satsmsaswn inTablel3 The power ripple is due to the
different time position and type of service of eachTuseaveraged radiated power by each cell, over 360 s time
interval, is always below 10% of the configured power; the reason for that is the cells are never radiating full pow
for the whole averaging time; this is a quite expected behaviour in ngaktépliue to the statistic of the traffic
requirements.

Figure66 shows the CDF of the radiated power averaged over 360 sHguieh7 shows the simulated time
usersod distribution.

17 Since the Incident Energy Density for the specified example is much far away from the limit, equs/atenhdtble
reported for all the othéests.
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Figure68)shows the electric field in the megbosegboint by each cell averaged over 889 $he computed

E-field values, averaged over 360 s, in the conditions considered in this test, are included in the interval 0.05 V/
to 0.5 V/m for all the cells. Thefteld time profile follows the cell load conditions even if there isdprgad

with respecto the behaviour of the radiated powada higher level of rippleThat is due to the following
reasons:

1 the different positi®of the point with respect the cell, due to the different heighid positioa of
thebuildings.

T the position and activity of the users, served by the specifictbellcase there is more than one user
active at the same time, the radiated power is shared among all the active users on specific beams

9 the position and activity of the users, served by all the other cells.

Figure6&) shovgthe averaged electric field over 360 s period by using a rolling average process. As can be note
exposure values are akigure68a) exceptor the different ripple due to the different low pass filtering ®ffect
due to the different averaging processes.

For comparison, thexposure thresholds fi@ference levels definednrternational guidelinase:

T ICNIRP1998: 61 V/m averaged over 6 minutes period for dvbdieexposure.
1 ICNIRP2020: 10 W/rmaveraged over 30 minutes for witady exposure, corresponding to 61.4 V/m
in far field.

1 ICNIRP2020: 40 W/m2, averaged over 6 minutes for local exposure, corresponding to 122.8 V/m in far
field.

The following considerations need tadken into accountvhen analysing exposure from base stations

The exposure is definath specific poinh space

The exposure isfluencedby the activity of the cell and by the scenaritansmitter with the same
characteristics generates different exposure levels in different scenarios; all the points where populatic
can stay must have an exposure below the limits established by authorities.

1 Whole body exposure is different by local exposure, reference levels for whole body exposure are lowe
than reference levels for local exposure

Links betweereference levels and basic restrictions are indicated in the international guidelines.
Reference levels aepressed in terms on incident or unperturbed field. Basic restrictions are defined
inside a lossy medium and measured in terms of SAR or SA.

1
1

= =

Figure65 360 sAveraged Radiated Power

18 For most exposed point for each cell is intended the point where the cell generates the higher exposure considering tl
configured power and beam set available to the antenna.

19Exposure has been evaluated evtheisther26 Points of Control randomlfiocated on the streets or over hddings;
in all the cases the exposure in these poiatwags lower than the exposure shown in figures and have the same time
behaviorso have not been reported in the results
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Figure68 360 s Averaged Electric Field in the most exposed paacfoell a) step average, b) rolling average
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Figure69 1800 s Averaged Electric Field in the most exposed p@&atiock a) step average, b) rolling average

Figure7®o shows the time evolution of the exposure in the scenario. The movie has been gesterated by
one frame (TTlout of 1000 andt represenstthe E-field distribution over the building or over the streets
(maximum value in each paiim)the specific TTlby an observer looking at the scenario from thét tsmows
the timevariableexposure generated by the MaMIMO antennas when turning on ofeamste serve user
requiring serviaendomly located in the scenario

20The time representation of the exposure will not be reported for the other test cases present in this report.
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Figure7Q Time evolution of thexposure in the scenaad.nterval 1, b) interval 2, c) interval 3

Since there are not sensible differences in exposure by using the step or rolling average, except for a low pass f
effect of the rolling averagamovingipple, results from now on will be reported only in terms of step average.

9.2.1.2 MMGS Scenario Test2: Users located in streets and buildings

In this Test, differentliyom Test1, users are located both on the streets and on the buildings. Results show not a
big difference in exposure in the most exposed PoC; that is due to the statistics of the process in which, almos
the available beams are uniformly used.

Tablel5: Cell Radiated Power

Celll Cell2 Cell3 Cell4 Cell5 Cell6 Cell7

e Min W] 2.6 2.6 2.7 2.7 2.5 2.6 2.7
g @ Max W] 164 162 173 172 162 167 16.2
<8 Mean W] 111 111 111 111 111 111 111
&% StdDev W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1
% Min [W] 3 3 3 3 3 3 3
g g Max W] 154 154 154 154 154 154 154
<®  Mean W] 111 111 111 111 111 111 111
& StdDev  [W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1

Stap Avergae 360 s - Percentlle
E %% 8638 & B

360 5 Step Average Raciated Power [W|
- - e =

»

“'lmr s ! ! N ’ a) ’ ' ¥ Dm«\mcmmtl;wumoam;s] " N b)
Figure71 a) 360 s Averaged Radiated Power; b) CDF of the 360s Averaged Radiated Power
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Figure72 360 s Averaged Electric Field in the most exposed point for each cell. a) 360 s step average, b) 1800 s step aver

9.2.1.3 MMGS ScenarioTest 3 Effect of the number of simultaneously served use(s)

In this test, differentlthanTestl, 3 users are served simultaneously; it means that a madrhaemsf are
activated simultaneously by each cell. All the other users present at the same time ardodrba sexied list.
The averaged radiated power remains almolanged while the exposure is a little bit lower with respect to
Test1 due to lower permanence of the beam serving the user at a position.

Tabl

Celll
% Min [W] 2.6
E, a Max [W] 16.1
gﬁ Mean  [W] = 11.1
n StdDev  [W] 4.1
% Min Yl 3
&  Max [W] 15.4
3: o
28  Mean [W] 11.1
Q
n StdDev  [W] 4.1

3605 Step Average Rackated Power (W]
. = & =

el6 Cell Radiated Power
Cell2 Cell3 Celld Cell5 Cell6 Cell7
W] 26 27 25 26 26 26 26
16.5 16 16.7 16.6 16.2 16.2
111 11.1 11.1 111 11.1 111
4.1 4.1 4.1 4.1 4.1 4.1
3 3 3 3 3 3
154 15.4 154 154 15.4 154
111 11.1 11.1 111 11.1 11.1
4.1 4.1 4.1 4.1 4.1 4.1
i
a) " pecerage ot o Cntrespowe (8] ) b)
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Figure74 360 s Averaged Electric Field in the most exposed point for each cell. a) 360 s step average, b) 1800 s step aver
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9.2.1.4 MMGS Scenario Test 4Effect of the number of simultaneously served users (10)

In this test, differentlfirom Test1, 10 users are served simultaneously; it means that a maximum of 10 beams are
activated simultaneously by each cell. All the other users present at the same time are in a waiting to be served
The averaged radiated power remains almost unchdriigethe exposure is a little bit higher with respect to
Testl due to higher permanence of the beam serving the user at a position.

Tablel?: Cell Radiated Power

Mean (W] 11.1 111 111 11.1 111 111 11.1
StdDev  [W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1

% Min [W] 2.5 2.7 2.7 2.6 2.4 2.7 2.7
3 Max [W] 16.4  16.2 16 162 173 167 16.8
<

»  Mean [W] 111 111 111 111 111 111 111
e
72  sStdDev [W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1
% Min [W] 3 3 3 3 3 3 3
3 Max [W] 154 154 154 154 154 154 154
<
o
Q
0p}

1800s

Time is) Percentage of the Configured Pawer (%)

Figure75 a) 360 s Averaged Radiated Power; b) CDF of the 360s Averaged Radiated Power
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Figure76 360 s Averaged Electric Field in the most exposed point for each cell. a) 360 s step average, b) 1800 s step aver

9.2.1.5 MMGS Scenario Test 5Traffic extrapolated to 2026

Due to a higher cell load with respect to Testhvigraged radiated power is about 13%, qtet08ntile of the
configured power; the CDF is shifted toward right due to the increase in radiated power.

Figure78a) shows the electric field in the most exposed point for each cell averaged over 36ilsl flthe E
profile follows the cell load conditions; higher cell load causes higher power radiated by antennas anc
consequently, higher field values in the aoid the averaged Electric Field is higher than in Test1.
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Tablel8 Cell Radiated Power

Celll Cell2 Cell3 Cell4 Cell5 Cell6 Cell7

% Min [W] 4 4.1 4.1 4 4 3.9 4.1
:;:J Max W] 252 255 26 257 259 255 256
ng Mean W 175 175 175 175 175 175 175
()

% StdDev W] 65 65 65 65 65 65 65
5 Min W] 47 46 47 46 47 4T 47
i;) Max W] 242 242 242 242 241 242 242
o8 Mean W 174 174 174 174 174 174 174
£% Stdbev W] 65 65 65 65 65 65 65

L]

3

Step Avergae 350 5 - Percentlle

5 ¥ 3 &8 8 8 2 8 § B 3

360 s Step Average Rackated Power (W]
“ 2 [

a s " s » » »
Time is) a‘ Percentage of the Configured Pawer (%] b)

Figure77. a) 360 s Averaged Radiated Power; b) CDF of the 360s Averaged Radiated Power
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Figure78 360 s Averaged Electric Field in the most exposed point foetaagh360 s step average, b) 1800 s step average

9.2.1.6 MMGS Scenario Test 6Traffic extrapolated to 2029

Same considerations a8.ih.1.5o0ld.
Tablel9 Cell Radiated Power

Celll Cell2 Cell3 Cell4 Cell5 Cell6 Cell7

% Min [W] 6.1 6.2 5.8 5.9 5.9 5.9 6.1
:;2 Max W] 379 374 376 394 387 378 386
ng  Mean [W] 258 258 258 258 258 258 258
7% swdDev [W] 95 95 95 95 95 95 95
% Min [W] 6.9 6.8 6.9 6.8 6.9 6.9 6.9
i; Max W] 357 357 358 357 358 357 357
o8 Mean W] 257 257 257 257 257 257 257
72 StdDev W] 9.5 9.5 95 95 9.5 9.5 9.5
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Figure8Q 360 s Averaged Electric Field in the most exposed point for each cell. a) 360 s step average, b) 1800 s step aver

9.2.1.7 MMGS Scenario Test 7Effect of the traffic typologyd Voice

In this test the traffic has been considered as only voice, influencing the single service duration and number
served or in waiting list users. No sensible difference can be noted with respect a2Sedsione the total
traffic load is kept constant but only TTI distribution changes.

Table20: Cell Radiated Power

Celll Cell2 Cell3 Cell4 Cell5 Cell6 Cell7

% Min [W] 2.9 3 3.1 3 3 3 3

1;9 Max [W] 16.9 17.1 17 16.9 17 171 17.2
o Mean [W] 12 12 12 12 12 12 12
% ©  StdDev [W] 4.4 4.4 4.4 4.4 4.4 4.4 4.4
% Min [W] 3.2 3.2 3.2 3.2 3.2 3.2 3.2
:;z Max [W] 16,6 166 166 166 16.6 16.6 16.6
a§ Mean [W] 119 119 119 119 119 119 119
% ®  StdDev [W] 4.4 4.4 4.4 4.4 4.4 4.4 4.4

360 s Step Average Rackated Power (W]
- 2 ]
Step Avergae 360 5 - Percentlle

5 % 8 & 8 3 = %

»

o) o 0 o o0 o s » i » »
Time is] a‘ Percentage of the Configured Pawer (%) b)
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Figure81 a) 360 s Averaged Radiated Power; b) CDF of the 360s Averaged Radiated Power

3605 Step Average Electric Fielc [V/m|
1800 5 Step Average Electric il [V/m)

Figure82 360 s Averaged Electric Field in the most exposed paatfocell. a) 360 s step average, b) 1800 s step average

9.2.1.8 MMGS Scenario- Test 8. Effect oftraffic typology d Web surfing

This test is similar to Test7 and also in this case to substantial differences in exposure are found due to char
only innumber of served or in waiting list users and TTI active distribution.

Table21: Cell Radiated Power

Celll Cell2 Cell3 Cell4 Cell5 Cellb Cell7

Min W] | 24 | 26 | 25 | 23 | 25 | 25 | 25
o Max W] 165 165 163 156 159 159  16.2
z

ng Mean W 109 109 109 109 109 109 109
£%  Stdbev [W] 4 4 4 4 4 4.1 4
3 Min W] 29 29 29 29 29 29 29
:;E Max W] 151 151 151 151 151 151  15.1
g Mean W] 108 108 108 108 108 108 108
£®  StdDev [W] 4 4 4 4 4 4 4

Step Avergae 350 5 - Percentlle

5 ¥ 8 &8 8 8 2 ¢ § B 3

360 s Step Average Rackated Power (W]
" 2 ]

m a s " i » » »
Time is) a‘ Percentage of the Configured Power (%] b)

Figure83 a) 360 s Averaged Radiated Power; b) CDF of the 360s Averaged Radiated Power
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Figure84 360 s Averaged Electric Field in the most exposed point foetagh360 s step average, b) 1800 s step average
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9.2.1.9 MMGS Scenario TesO: Effect of the traffic typologyd Huge Download
Same considerations as in Test8 hold.
Table22 Cell Radiated Pow&tdDev = standard deviation.

% Min [W] 2 2.1 2.2 21 1.7 2.1 1.6
Q Max (W] 18.1 16.6 17 17.6 16.8 16.3 17.2
;'8 Mean (W] 10.8 10.8 10.8 10.8 10.8 10.8 10.8
n9 StdDev  [W] 4.1 4.1 4.1 4.1 4.1 4.1 4.1
% Min (W] 29 2.9 2.9 29 2.9 2.9 29
9 Max (W] 15 15 15 15 15 14.9 15
;_é Mean (W] 10.8 10.8 10.8 10.8 10.8 10.8 10.8
n 38 StdDev  [W] 4 4 4 4 4 4 4

Figure85 a) 360 s Averaged Radiated Power; b) CDF of the 360s Averaged Radiated Power
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Figure86 360 s Averaged Electric Field in the most exposed point for each cell. a) 360 s step average, b) 1800 s step aver

9.2.2 Simulations in Real Town Scenario
Simulations are based on the same assumptions as irfSzgtamy differences are reported here.

9 The real town scenario consists of an area 3.5 x2bdem

1 7 MaMIMO antennas have been considered, 1 antenna fooeseh 3 antennas in the centre of the
scenario for which each antenna is 120 degs from the other:
o Antenna 1: position x=1544m, y=1166m, z=28m, pan Ordegsanicallt 0 degs
Antenna 2: position x=1544m, y=1166m, z=28m, pan 120weggmnicdilt 0 degs
Antenna 3: position x=1544m, y=1166m, z=28m, pan 240weggmnicdllt 0 degs
Antenna 4: position x=2439m, y=319m, z=21m, pan 315negsnicdilt 0 degs
Antenna 5: position x=237m, y=404m, z=19m, pan 30rdegkanicadllt 0 degs
Antenna 6: position x=683m, y=2261m, z=19m, pan 135aegsanicdllt 0 degs
Antenna 7: position x=2420m, y=2415m, z=29m, pan 190wedwgnicdilt O degs

O O0OO0OO0OO0OOo
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Figure87. Real town scenadnd coverage

Table23 Service distribution per test

User Max Payload per User Service Distribution
Position Simultaneous per Month [10]
Served Users
[GB]

Testl = Everywhere 5 27 20%Voice 10%Huge 70%Downloa
Test2  Everywhere 5 64 20%Voice 10%Huge 70%Downloz
Test3 = Everywhere 5 27 100%Voice
Test4d  Everywhere 5 64 100%Voice
Test5  Everywhere 5 27 100% Web Surfing
Test6  Everywhere 5 64 100% Web Surfing
Test7 Streets 5 27 20%Voice 10%Huge 70%Downloa
Test8  Everywhere 2 27 20%Voice 10%Huge 70%Downloz
Test9  Everywhere 2 64 20%Voice 10%Hugé%Download

Since results observed in Seci@nl in which there are no substantial differences in exposure by using rolling
average or step average, only step average results will be reported in this section.

9.2.2.1 Real Town Scenario Test:1IReference

This is the reference test, changes in parametrization for all the other test for the town scenario, are referred
this test.

Figure88shows the radiated power by each cell step averaged over 360 s. Since the load of each cell is the sa
as expected, the radiated power is almost théasaeaeh celllThe power ripple is caused by the different time
positiors of each user due to different service conditions. The averaged radiated power by each cell, over 360
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time interval, is always less than 10% of the configured power; as expected, the antenna does not always rad
the configured powan the time

The exposure shown iRigure89appears to be a little bit lower with respect to the exposure slogurés8
andFigure69due to the lower height of the buildirggen in this testhe effect of the average time inteival i
a sort of low pass filter on the time shape of the exposure.
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Figure88 a)360 s Averaged Radiated PoWweCDF of the 360s Averaged Radiated Power
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Figure89 360 s Averaged Electric Field in the most exposed point for eacB@@ltstdp average, b00 s stepverage
9.2.2.2 Real Town Scenario Test 2Traffic extrapolated to 209

Due to a higher cell load with respect to TestEigaee90, the averaged radiated power is about 18200 at
percenbf the configured power; the CDF is shifted towlzedight due to the increase in radiated power.

Figure9la) shows the electric field in the most exposed point by each cell averaged over 38i@ld.firhe E
profile follows the cell load conditions; bigiell loactcauses high power radiated by antennas and, consequently,
higrerfield valuessothe averagkElectric Field is higher than the previous test.

a) b)
Figure9Q a) 360 s Averaged Radiated Power; b) CDF of the 360s Averaged Radiated Power

a) b)
Figure91 360 s Averaged Electric Field in the most exposed point for eacB@@lstp average, P00 s stepverage
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