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CIit What is CNIT? (www.cnit.it)

National Inter-University Consortium for Telecommunications
(37 Italian Universities+7 CNR research units)

Mission: basic and applied research and advanced education in ICT

1300+ researchers; 100+ own employees

Funding from private companies and competitive programs only:
* H2020: 48 projects, 11 of them coordinated by CNIT

Researcl h Units

% National Laboratories )

e 2018 budget: 124 projects (39 EU+37 Ntl+48 Industry), 18M€

* Recent results: 5 EU projects on applications of ICT; 3 EU projects on 5G ranked #1 in their calls; 1 on
cybersecurity (EU competence network); 1 on autonomous vehicles; Flagship Graphene, Flagship Quantum
Information

|II

* No “structural” funding, a problem for overhead and labs equipment

* (e.g., Germany 30%, Spain 50%, Switzerland 50% of total budget)
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CInLt 5G: Evolution

Currently
being deployed

Better performance
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(C][]lfut 5G: Revolution




CInLt Novelties

* New scenarios, new use cases, new (hon—human) users
* End-to-End, including the core, not only the cellular section

* The software network
* Cloud, SDN, NFV

e ... from a typewriter to a word processor
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CInLt 1) Enhanced Mobile Broadband

L -

¢ . Ve

-~




>
@)
-
Q
4+
R
=
O
O
-
(qV)
D
O
e
I3
T
O
C
i
D
~

L

CImut



CInLt

—
NPen
» - :‘
.
» 4 Ist
. Te
l. -
.ﬁ
| -
.
-
- - e
- -

DR L

T

R R

3

Massive |loT

P
,-/’ /‘
I”
= N
W\
"
: "-




(C]nlfut Network Softwarization
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CInLt

5G network slicing

5G network slicing enables service providers to build virtual

[~ end-to-end networks tailored to application requirements.
u Mobile Communication
broad Entertainment
band

Internet

4G networks

do not enable Retail
the range of Machine etai

services that -to- Shipping
the future machine Manufacturing
requires.
5G will be Reliable Automotive

faster and low Medical
more flexible. latency

4G fan

network

Infrastructure

Other
applications

loT: Internet of things N Etwork

Source: ITUNews
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CIt Antennas and Engineers

* Network deployment
* Investments

* Thresholds, regulations, rules, bureaucracy and red tape
(“antennas”)

* People (“engineers”)



CINLE Working assumptions

Sites per 10,000 people

* We are interested in mobile communications and T
thus we would like to have radio coverage e 141
* “Improved speed and capacity ... This requires carriers to
add 3 to 10 times the number of existing sites to their
networks” I
* Deloitte report 2018

* World population
* 1950: 2 billions and a half

 today: 7.7 billions (... and things too...) e
* We need more food, subways, ... and more antennas POPO®E 5 3
« Tokyo 2020: municipality providin% 8.300 buildings, 4.500 o
plots of land, traffic lights poles, billboards for base stations _—
deployment ,

* 5G not an archaeological find: it has been designed on
pU rpose . PRPYOPPPPPPPPPOPC 15 2

Source: Company financials; Deloitte analysis



CInLt Antennas

* Now, higher EMF thresholds are useful from a radio coverage perspective
* Easier to cover a given area (especially if new sites are not possible)
* Quicker to cover a given area
* Cheaper to cover a given area
» Coexistence with previous generations
* In general, more flexibility

* BUT, risky logical process:
1. 5Giscoming
2. 5G implies higher EMF thresholds (ain’t necessarily true)
3. “Higher thresholds endanger public health”
4. 5Gis bad



CInLt Antennas

e Given current public opinion (see 5G bans in some towns):
 Political decision: leave thresholds as they are
* Talk to the people and explain (see following slides)

* Ease and even support/plan and fund the sites’ deployment process
(and share them sites)



CINLE Network capacity and EMF levels (ideal.)

e 1 cell

* 1 telephone line, or 1 gigabyte/s
e (example!)

* Will the Proliferation of 5G Base Stations
Increasehe RadicFrequencyPollutior?
LucaChiaraviglio Giuseppe Bianchi,
NicolaBlefartMelazzj MarcoFiore




CINLE Network capacity and EMF levels (ideal.)
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CINLE Network capacity and EMF levels (ideal.)

* 60 cells _

. < /._\ ..... (
* 60 telephone lines, or gigabytes/s |y r=0 8 J_.
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* 200 telephone lines

* (example!)



CINLE Network capacity and EMF levels (Model)

Received Power [dBm] 1

* Path loss: ITU 1000
model

* 3700 MHz

*  Minimum power 800
at the receiver:
90 dBm

e Scatter plot 600

* Credits to Luca
Chiaraviglio
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CINLE Network capacity and EMF levels (Model)

Received Power [dBm]
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CINLE Network capacity and EMF levels (Model)

Received Power [dBm]
1000 64
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CINLE Network capacity and EMF levels (Model)

1000 Received Power [dBm] 1 O 2 4

-40
800

-50
600

. {-60

=

400 -

200 -80

0 -90

0 200 400 600 800 1000

[m]



CINLE Network capacity and EMF levels (ideal.)

e Cellular net is bidirectional...

Base station Telephone



CINLE Netwk capacity and EMF levels (ideal.)

e Cellular net is bidirectional...




CINLE Network capacity and EMF levels (ideal.)

e Cellular net is bidirectional...



CINLE Network capacity and EMF levels (ideal.)

e Cellular net is bidirectional...

http://www.cdqtorrinomezzocammino.it/misurazioni-di-campi-
elettromagnetici-e-prestazioni-delle-reti-2g-3g-4g/



CINLE Network capacity increase

* From 2G to 4G: 1000000 times=5*5*25*1600=1,000,000 Source: Cooper's law, Misha Dohler

 Smaller cells= factor of 1600

Network capacity 1000000

1000000
900000
800000
700000
600000
500000
400000
300000

200000 1 5 25 625
100000 y 4 y 4 y 4 y 4

0

Number of lines

G. Marconi FM Modulation techniques More spectrum Smaller cells



CInLt Antennas

* More antennas
 More network capacity

e Better distribution of EMF levels from base stations

* Lower EMF levels from cell phones
e ...and longer battery life

Will the Proliferation of 5G Base Stations
Increaseéhe RadicFrequencyPollutiorf?
LucaChiaraviglio Giuseppe Bianchi,
NicolaBlefartMelazzj MarcoFiore



CInLE Now, to engineers and technicians

* 5G: very complex technology and heterogeneous ecosystem
* Processors
e Radio

Fiber and Cables

Non-terrestrial links

Networks

Cloud

e Al

* Applications

* Security



CINLE Education percentages

Adulti con almeno un titolo di studio secondario superiore nei paesi Ue per classe di eta = Anni 2016 e 2007 (%)

o, 1 25-64 Terziario 125-64 Sec.sup. A 25-34 Almeno sec.sup. A 25-34 terziario < 2007 - Almeno sec.sup.
100
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Fonte: Eurostat, European Labour Force Survey
Doi.org/10.1481/Istat.Rapportoconoscenza.2018.3.1.1




(C]nlfut Tertiary education percentages, STEM

Risorse umane in scienza e tecnologia nell’'Ue, per componente. Anni 2016 e 2011 (% forza lavoro 25-64)
% ® Ricercatori e ingegnert m Altro 'Core’ m Solo occupazione o Soloistrizione @ Femmine < Totale 2011

70

Fonte: Eurostat, Human resources in Science and Technology.
Doi.org/10.1481/Istat.Rapportoconoscenza.2018.4.7 .1




CInLt PhD holders

Figure B7.1. Share of 25-64 year-olds with a doctorate (2018)

é§IlllllllllllIlllll!llllgllgngn.!,.._
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1. Year of reference differs from 2018.
Countries are ranked in descending order of the share of 25-64 year-olds with a doctorate.
Source: OECD (2019), Table B7.3. See Source section for more information and Annex 3 for notes (htips://doi.org/10.1787/18d7880d-en).




CIt Enrolment in Italy

Graf. 6.4 - Numero di immatricolati all’'universita per area di residenza (serie storica 2002-2003 a 2015-
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cmnit Emigration

CITTADINI ITALIANIISCRITTI E CANCELLATI PERTRASFERIMENTO DI RESIDENZA

CON L'ESTERO

Anni 2007 - 2016 115.000
* valori stimati

Elaborazioni Centro Studi CNA su dati Istat

102.259

2002:emigrati conlaurea=11,9%
2013:emigrati conlaurea=30%
* Dat jornato a 124.000
Statistiche dei paesi di U
destinazione: 36.299

fattore 2,5 in piu - R . i

32118 29330 28192 31466 20.467 ,g433 29271 30052

Idos e ISTAT

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016*

——Cancellati  -=Iscritti



cmnit Emigration

FIGURA 5. TASSI DI EMIGRATORIETA DEl CITTADINI ITALIANI PER MLLE ABITANTI, PER
PROVINCIA. Anno 2015
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CInLt

69. International net flows of scientific authors, selected economies, 2002-16

Difference between annual fractional inflows and outflows, as a percentage of total flows

Bl 2002-06 2006-11 B 2011-16 O Netflows, full period (right-hand scale)
% Ftows
100 15000
80 ?
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%9 i -10 000
-80
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Source: OECD calculations based on Scopus Custom Data, Elsevier, Version 4.2017, july 2017. StatLink contains more data. See chapter notes.
Statlink suow hitp//dx.doi.org/10.1787/888933618156

Emigration



CInLE Public expenditure on education

Figure C4.1. Composition of total public expenditure on education as a percentage of total
government expenditure (2016)

Primary to tertiary education
[ Direct public expenditure on educational institutions
% B Public ransfers and paymenis to the non-educationa private sector
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1. Year of reference 2017.

2. Primary education includes pre-primary programmes.

Countries are ranked in descending order of total public expenditure on education as a percentage of total govemment expenditure.

Source: OECD/UIS/Eurostat (2019), Table C4.1. See Source section for more information and Annex 3 for notes (https://doi.org/10.1787/f8d7880d-

en).




cmit R&D spending

Research spending

China’s spending on research and development in science and technology, surged ten-fold since
2000, while the U.S. spending grew a modest 39 percent in the same period.

SPENDING IN R&D - In million U.S, dollars AS PERCENT OF GDP
500 “
us.
400 China p
EU-28
200 2
Japan
100 Germany 1
S. Korea
France
0 0 — - —
2000 ‘05 ‘10 15 2000 05 ‘10 ‘15
Source: Organisation for Economic Cooperation and Development
C.Inton, 13/04/2017 2% REUTERS

The US and China spend the most on R&D. source wef via @mikequindazzi



CINLE Bachelor degrees in S&E

Bachelor's degree awards in S&E fields, by selected region, country, or economy: 2000-14

2,000

1,500

1.000

Thousands

2000 20017 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year

i
|

T +—n—n

~o- United States EU-Top8 -o- Japan South Korea and Tailwan -+ China

EU = European Union.

Note(s)
Dara are nect available for all countries for all years. EU-Top 8 includes the eight EU countries with the largest numbers of bachelor's

degree awards in 2014: United Kingdom, Germany, France, Poland, Italy, Spain, Romania, and the Netherlands.
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Innovation levels

3.5

3.0

2.5

2.0

Evolution of business R&D intensity, 2000-2016

South Kored"
Japan

United Statesid

--‘-.-..‘—_ mm

2000 2001 2002 2003 2004 2005 2006 2007 2008 2003 2010 2011 2012 2013 2014 2015 2016
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Good news

Il quotidiano della Formazione,

dell'Universita e della Ricerca

11 Sole n
IR

1 Nov
2019

SEGNALIBRO
FACEBOOK
TWITTER
STAMPA

TAG
Facolta

Scienza e
Tecnologia

Istruzione

Disoccupati

-

STUDENTI E RICERCATORI

Ingegneria resta la prima scelta, matricole in
crescita dell’11,1%

In un Paese penultimo in Europa per il numero di laureati e al tempo stesso terzo per i
tassi di disoccupazione giovanile I'aumento degli iscritti all'universita é di per sé una
buona notizia. Che diventa addirittura doppia se si considera che I'area di studi piu
gettonata si conferma quella ingegneristica, generalmente la piu spendibile sul
mercato del lavoro. A confermarlo € il rapporto sugli immatricolati 2018-19 realizzato
dal Centro Studi del Consiglio nazionale degli ingegneri. Da cui emerge un incremento
delle immatricolazioni nei corsi di ingegneria (+11,1%) in tutti i settori. Anche dove
(civile e ambientale) negli anni scorsi si era registrato un calo.

Iscritti in aumento

Nell’anno accademico 2018-19, quasi il 63% dei 298.737 diplomati del 2018 ha scelto di
proseguire gli studi all’'universita; I'anno prima erano stati il 57,2 per cento. A farla da
padrone sono stati i corsi di Ingegneria con 45.000 immatricolati, pari al 15% del totale
(che diventa il 18% se ai corsi di ingegneria veri e propri si aggiungono quelli che
danno comunque il diritto a iscriversi all’Albo di ingegnere o ingegnere junior, come
Scienze dell’architettura e Scienze e tecnologie informatiche).
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(C]nlfut Thank you

Universita di Roma
:_

UNIVERSITY OF ROME “TOR VERGATA”
Department of Electronics Engineering
Via del Politecnico, 1 - 00133 Rome - Italy

Tor Vergata

Nicola Blefari Melazzi, Ph. D.

Professor of Telecommunications
Director of CNIT

Phone: +39 06 7259 7501 e-mail: blefari@uniroma?2.it
Fax:  +39 06 7259 7435 http://blefari.eln.uniroma2.it




