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Centre for Wireless Innovation

* The Centre for Wireless Innovation (CWI) was formed in 2016 through the consolidation of
research expertise in High Frequency Electronics and Wireless Communications at QUB.

 CWI is the UK’s largest research, development and
exploitation base in physical layer wireless, and
one of the strongest in Europe (3 IEEE Fellows).

* Ranked 10% in the UK in the 2023 Shanghai ' CENTRE

FOR
Ranking's Global Ranking of Academic Subjects for | WIRELESS

telecoms engineering / wireless communications M INNOVATION

At present, the centre is home to around 75
academics, engineers, postdocs and PhD students.

www.ecit.qub.ac.uk CWI is a Research Centre of the ECIT Institute 4
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Centre for Wireless Innovation

* Since its inception, CWI’'s mission has been to develop truly disruptive, end-to-end
physical layer wireless technologies and techniques that will assist in the creation of a
data-driven, hyper-connected society.

 Working primarily in the RF through to sub-millimeter wave bands, we are creating
transformative technologies that will meet the future requirements of users whether it be
coverage, data rate, latency, security, connectivity on a massive scale or wireless imaging

and sensing.
Ei‘%ﬁ}ﬁ Ilﬁ 5 e R
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Presenter Notes
Presentation Notes
CWI’s research focus is almost exclusively in the physical layer, where we develop end-to-end physical layer wireless technologies and techniques that will assist in the creation of a data-driven, hyper-connected society
We work primarily in the RF through to sub-millimetre wave bands to create technologies that will meet the future requirements of users, whether it be coverage, data rate, latency, security, massive connectivity or EM imaging and sensing.
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Centre for Wireless Innovation — Some of Our Collaborators
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www.ecit.qub.ac.uk CWI is a Research Centre of the ECIT Institute
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Mpoowrikn dtadbpoun

* 2008: Ph.D. from the University of Edinburgh, U.K.

e 2008-2010: Postdoc position at TU Munich, Germany and University of Wisconsin-Madison, USA
e 2010-2013: Assistant Professor at Chalmers University of Technology, Sweden
e 2013-present: Chair Professor of Communications Engineering and Signal Processing (38 years)

e 2020-present: Deputy Director of the Centre for Wireless Innovation =«

Top European grant of £1.7m for Queen's
researcher to develop new generation of
wireless communications

"l GIOI0)!

At the moment, while Greece is unveiling its 5G communications network, at the
other end of Europe, a Greek professor and communications engineer is getting a
grant from the European Research Coundil to develop 6G.

etting xt — that is from o1 the
next - req ions of work-h
Michalis and signal processiny
E logy (ECTT) Instiut
Queen’ thimerini. “Every
i

generatior is like an extra story in an apartment building. The
technology has been evolving constantly since the 19705
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Mpoowrikn dtadpoun

My expertise lies in the intersection of communication
theory, electromagnetic theory, signal processing and

wireless communication for building the new generation Eneepyacia Qewpia

of telecommunication systems (300 papers, 140 |EEE 3 UOTOC ETUKOWWVLWV

journals, 3 best paper awards, 13,500 citations, h-

index=53, £8m/£30m as principal/co investigator). ‘

* Beyond 5G/6G-enabling technologies

« Massive MIMO systems Gewpla AGRC <
: : S H}\emﬁuavvnu ,

* Machine learning for communications ETUKOWVWVIEC

opoU

* Cell-free massive MIMO

* Mm-wave/THz communications
* Intelligent metasurfaces

* Low-latency communications
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lotoplo Twv TNAETIIKOWWVIWY — Apxaia EAAada

O amonAouc tng Apyou¢ YIVETAL YVWOTOC OO
Tov ldoova ota yUpw TtapaALa e Evay MUPCO:

«...Mupkain & ekélevov ‘Incova Aapmada
B<o00atL evuknc alaAenc umo &’ €6payle
Beomeoin PAOE......»
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lotopla TwVv TNAEMKOWWVIWY — Apyaiia EAAada

H meplypadn tn¢ eLcodou twv Apyovautwy oTo
KAOTPO TOU ALATN HoLAleL cav va Elval OOTEAECLAL
NG Buoiag mou kavel o OpdEac otnv ApteuLda, v
LEow oBEPWV OTTACLWY KOl OPAUATWY TIOU
BAETEL, TPV avoiEel payka (;) n mopta Tou
KALOTPOU.

Av SLaBACOUE TILO TIPOOEKTLKA Ba SOV E OTL EYLVE
eTILKOWVWVia Tou OpPEa e KATTIOLOV EVTOC TOU
KAOTPOU. H emikolvwvia gylve pe ppukTwpia Ko n
nopta Avolée pe mpodooia ek TwV Eow !

Dpuktwpia: Qpuktoc» = Pnuevoc, kaBoupdlouevog, o SaUAOC N 0 TUPOOC TTOU PAEYETAL, VLA VA KAVOUV CHUATO KAL ETOL VO
UETAOWOoOUV TI¢C TANPoYopiec-elONOELC.
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O Opuktwplec otnv Apxaia EANadOa

To teAoc Tou atpatnpol TpwikoU TTOAEpOU petadodnke
o€ eva Bpadu amo tnv Tpoia oto maAatt twv Muknvwv.
H cuykekpluevn petadoon xapoktnpiletol amo
KATIOLOUG W¢ N tpwtn avadopa o ppuktwplia. Eival
AaBoc, BEPata, adou eidape OTL ALWVEC TIPLV Ol
ApyovaUTEC TIC XpNOLUomoilnoa Katd TNV eniBeon Toug
otnv KoAxida.
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lotoplo Twv TNAETIKOWWVIWY — Bulavtivn eplodoc

KapwoByAatopeg: amo tnv kapwo (mou Siatnpouos
aoBnoto To «ayyapov mup») kot tn BiyAa (mapatnpntnpLo).

To 532 u.X. n avtokpateipa Ogodwpa LE TN XPNON PWTEIVWV
onuatwv eLdormoinoe tov otpatnyo BeAtoaplo yla va
KataoteiAeL Tn otaon tou Nika.

Ta €tn 829-842 u.X. o Néwv o Eniokono¢ OsooaAovikng
BeAtiwoe to ouoTnUA ATTOCTOANC TANPOYOPLWV TWV
PPUKTWPLWYV UE TO «QQPOVOULO», CUCTNUO CUYXPOVIOUEVO UE
UNYOVIKA wPOAOYLA UTTOOLAUPEUEVD OE QVTIOTOLYEC WPEC KoLl
OUVOUQOUEVA UE APLTLUOYPUPLKO KWOLKO TWV TTLO ONUXVTIKWV
ELONOCEWV.
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lotoplo Twv TNAETIKOWWVIWY — Bulavtivn eplodoc

KapwoByAatopeg: amo tnv kapwo (mou Siatnpouos
aoBnoto To «ayyapov mup») kot tn BiyAa (mapatnpntnpLo).

To cuotnua auto dtatnpnNInke yLa moAAa xpovia Kol To ETOC
1204 ot 2taupopopot dnutoupynoav pueyaio Siktuo
«KauvoBiyAatopwv» amno tnv KwvotoavtivoUurtoAn LEXPL TOV
Tapavta ¢ Itadiacg ue evélaueoouc otaduouc otn Opakn —
Oceooalovikn- Autikn Makebovia- Hrieipo- Kepkupa —
Odwvou .
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lotoplo TwV TNAETIKOWWVIWY — 17° alwvag

TnAeokomio: oOpyavo oxXeSLAOUEVO ylo. TNV TopATpPNon
LLOLKP VWV OVTLIKELULEVWV LEOW Nn¢ oUAAoyN¢
NAEKTPOMAYVNTLKAG OLKTVOBOALOG

Xave Aunepoél kau Zakapioc MNnavoev (1608)
laAtAaioc (1609, aotpovollkoUu¢ oKomouc)
NeUtwvacg (1668, mpwto KATOTTPLKO TNAECKOTTLO)




CENTRE

FOR
WIRELESS
INNOVATION

lotopia TwV TNAETUKOWVWVIWV — 19°5 / 20°¢ awvalg

1844 TnAeypadoc (Morse)
1876 TnAédpwvo (Bell)

1897 AcUppatog TnAeypadoc (Marconi)
1918 Acktng AM (Armstrong)

1928 TnAeopaon (Farnsworth)
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lotoplo TwV TNAETIKOWWVIWY — 2UYyXpovn lotopla

1933 A¢ktn¢ FM (Armstrong)
1942 CDMA

1948 Oewpia MAnpodoplwv (Shannon)

1950 Digital Long Distance Telephone (Bell Labs)
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loTopla TWV TNAEMLKOWWVLWY — ZNUOVTIKEC LOPPEC

Heinrich Rudolf Hertz

= AvakdAuwe Tn dITTOAIKR KEpdia, TO
1886

= EmBeBaiwoe TV UTTAPEN
NAEKTPOUAYVNTIKWY KUPATWY (TTOU
gixav TTpoBAe@Osei atrd Toug Maxwell
Kal Faraday)

= “l do not think that the wireless
waves | have discovered will have R

any practical application [...] you Q

can’t even see them”
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loTopla TWV TNAEMLKOWWVLWY — ZNUOVTIKEC LOPPEC

Guglielmo Marconi

AocUppotn enkolvwvior AyyAloc-

faAAlog, 1899

EoTELAE TO IPWTO UTIEPATAQVTLKO
onua to 1901

16puoe etalpeia utepatAavTikoU
acuppatou TnAEypadgou to 1903
BpaBeio Nobel Quoiknc to 1909

MeéeAoc tou ItaAkoU Daolotikou

Koppatog kat 2upBouAiou



Nikola Tesla

KAaTOQOKEUATE TIC TTIPWTEC TTRAKTIKES
MNXAVEC EVAAAQCOUEVOU PEUMATOC

KAaTaoKEUQOE TO TTPWTO QCUPMATO
cuCoTNMA ETTIKOIVWVIAC, TO 1893

o 2Aparta Morse, akrtiva 80 km 10 1895
‘EAQBE TO TTPWTO QUEPIKAVIKO
OITTAWMQ eupeaiTexviag, To 1898

KaTtaokeuaoe pia
TNAEKATEUBUVOUEVN BApKa, TO 1898

‘Exace 10 OITTAWMNA EUPETITEXVIOC
atrd Tov Marconi, To 1904
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MPWTO EUTIOPLKA OLUTOLLOTOTIOLNLEVO
kKU EAWTO Siktuo otnv lanwvia

‘Evapén epmoplkng eKLeETAAAEVONC TOU
npwtou 2G GSM Siktuou otn Oavdia

MpwTto gumopka Stabgoipo dixtuo 3G, Baolopevo
otnv texvoloyia W-CDMA, otnv lanwvia

www.ecit.qub.ac.uk CWI is a Research Centre of the ECIT Institute
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[Tl elval To 5G onUovTLKO;

eMBB

Augmented reality and gaming Req uirement Type “

Peak data rate Downlink: 20Gbps
Uplink: 10 Gbps

Data rate experienced Downlink: 100 Mbps

' s by user Uplink: 50 Mbps
Latency — URLLC <lmsec
Reliability 99,999%

networks

Autonomous
vehicles

ultra-reliable, low-latency massive machine-type-

communications communications 21
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[t elval To 5G onUovTLKo;

2uvelodopa tov 5G oto
Bpetaviko AEN pgxpt to 2030

EupulWwVIKEC ETILKOWVWVLEC:
+1.45%

Avutopatomnotinon: +4.23%

Mnyn: DCSM 22
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2uvelodopa tov 5G oto
Bpetaviko AEN pgxpt to 2030

EupulWwVIKEC ETILKOWVWVLEC:
+1.45%

Avutopatomnotinon: +4.23%

Mnyr: DCSM

Hit One Billion in 2022

Forecast of 5G smartphone subscriptions,
by region

| Global 5G Adoption to

I Asia-Pacific M North America M Europe

W Latin America @ Middle East & Africa 4,065m
4,000m

3,446m

3,000m

2,000m /2
1,000m

Om

2021 2022 2023 2024 2025 2026 2027

Forecast as of June 2022
Source: Ericsson Mobility Report

©@®G statista %a

23
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OL tPOKANOELC TTOU aVTLUETWTTIL(EL TO 5G

* Metadopa otic upnAotepec ouyxvotntec (28GHz kot avw)
Eival apvr"' KQL aKpLBr"' 6La6LKa0 ia_ O[_ UT[deOUGEC Radio Microwave Infrared Visible Ultraviolet X-ray Gamma

ray

eKOOOELG TOU 5G XPNOLUOTIOLOUV TLG CUXVOTLKEG MTTAVTEG ¢ 00 10 0% 100 100 oo
’ ) Wavelength (m)
KATw ard to. 6GHz. ¢
NSNS AVAVATi
* OL TTOAUOVOLLEVOUEVEC EEUTIVEC EdDAPHOVEC TwV Internet-of L T—
10* 10 10" 10% 10" 10" 107
Everything mapapévouv otn odaipa tng davracioc. F"""“‘*‘T"Hz’
[ ——

* H ou-oxeblaon EMKOWVWVLWV, EAEYXOU KOl UTTOAOYLOTLKNAG

MNXAVLKAC OV £XEL TIPOCEAKUEL ONUAVTLKA TO EPEUVNTLKO
! 24
gvoladEPOV.



H dtadpoun amo to 5G oto 6G
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User Experienced

Data Rate
(Ghps)
[
Peak Data Rate L B
(Gbps) Energy Efficiency

e1,000.-

A

Reliability < _"' Spectral Efficiency

W - - 01 Yy

Connection Density Air Latency
(devices/km?) (ms)

Source: 6G The Next Hyper-Connected Experience for All, Samsung Whitepaper, 2021

Peak data rate Downlink: 1Tbps
Data rate experienced Downlink: 1Gbps
by user
Latency — URLLC <0.1msec
Reliability 99,99999%

25



CWi ...

Maximum Resolution

(Smartphone display 290 ppi at 30 1/150°
cm)
Latency Perception <100ms Exceeds Human Limitations!
Audible Frequency 250 -20,000Hz
Visible Wavelength 280-780 nm
Viewing Angle Azimuth 200°, Zenith 130°

Source: 6G The Next Hyper-Connected Experience for All, Samsung Whitepaper, 2021 26
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OL edpappoyec Tou 6G

L]
L]

XR-enabled workforces Immersive gaming

Remote office/ infinite
workspaces

Source: 6G The Next Hyper-Connected Experience for All, Samsung Whitepaper, 2021 27
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OL texvoAoyLKol TTUAWVEC Tou 6G

Zuyvotnteg THz

T

an0

B00 -

-3

=

f=1
T

&
=]
T

)

Average Achievable Rate [Gbps|

Best innovation in Mobile World
Congress Challenge in 2019

Il Digital
100 | Narrowband

I Proposed

K. Dovelos, M. Matthaiou, H. Q. Ngo, and B. Bellalta, “Channel estimation and hybrid combining for wideband terahertz massive MIMO
systems,” IEEE Journal on Selected Areas in Communications, vol. 39, no. 6, pp. 1604-1620, June 2021.



CENTRE

FOR
WIRELESS
INNOVATION

OL texvoAoyLKol TTUAWVEC Tou 6G

Base station tower

29
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OL texvoAoyLKol TTUAWVEC Tou 6G

Base station tower

30
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OL texvoAoyLKol TUAWVEC Tou 6G

5 W B
B S
c
Turtiko kupeAwto dixtuo MeAAOVTLKO SixTuOo XWwPLG KUPEAEC
(cellular network) (cell-free network)

31
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OL texvoAoyLKol TTUAWVEC Tou 6G

EEumtvec avadLlapopPWOLUEC LETOETILDAVELEC

32
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OL texvoAoyLKol TTUAWVEC Tou 6G

KuBepvoaodaleLa

37% TwWV TOYKOOULWY OPYQAVIOUWV
avedbepav  ott  umnnpéav  Buparta
KuPBepvoeniBeonc peoca oto 2021.
(source IDC's "2021 Ransomware
Study").

[ cyBER sECuRTY (T3 \

33
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OL texvoAoyLKol TUAWVEC Tou 6G

YToAOYLOTIKA LoXUC

Computing Capability Trend (Gigaflops/sec)

H auén on g uno)\ovtoulknq Loxug Oev o -
aKOAOUDBEL v avénon Twv 8000 |

’ 1 7000 |- Service
UTTOAOYLOTIKWV QVOYKWV | Requirements
(source: 6G The Next Hyper-Connected il e
Experience for All, Samsung Whitepaper, | WA e
2021 — " rfr—ﬂ[i?‘?;:fffﬂ Capability

0 - e : : : '

34



CENTRE

FOR
WIRELESS
INNOVATION

OL texvoAoyLKol TUAWVEC Tou 6G

YALKO KOLL OUOKEUEC

tic  uynAéc ouyxvotntec (THz), veeg
OPXLTEKTOVLKEG OTOLXELOKEPOILWY, EVIOXUTEC
KOLL TIOLLTTOOEKTEC TIPETIEL VAL OXESLOLOTOUV UIE
TPOOCLTO KOOTOC Kol XanAn moAuTtAoKoTnta.

Dummy Ports L'I

35
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Mua outormikn edoappoyn tou 6G....

36
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Mua outoTtikn edpaproyn tou 6G....

37
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Mua outoTtikn edpaproyn tou 6G....

AloBnoeLc
neptBaAlovtoc

o Afpag

* Oegppokpoaoia
* Yypaoia

e MupwdleEg

<

MAnpodopiec
oocOnoswv

38
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TNAETILKOWWVLEC KOl YEWTIOALTLKN

v DJIAFutures 38730.00 -033%  S&P500 Futures 5343.00 -0.24%  NasdaqFutures 18999.50 -0.20%  Stoxx600 518.9¢ >

THE WALL STREET JOURNAL. ===

SPECIAL OFFER
English Edition ¥  PrintEdition | Video | Audio | LatestHeadlines | More v

Latest World Business U.S. Politics Economy Tech Finance Opinion Arts&Culture Lifestyle Real Estate Personal Finance Health Style Sports Q

BUSINESS | ASIA

Meng Wanzhou, Huawei CFO and
Founder’s Daughter, Has Been Face of
Secretive Company

Ms. Meng’s high profile raises the stakes for U.S.-China relations

By Dan Strumpf and Natasha Khan

Updated Dec. 6, 2018 7:01 am ET

ZQ MENU @ EUROPE v POLI I I‘ O LOGIN POLITICOPRO (2

@ Home (& Latestnews EUelectionresults UK generalelection WarinUkraine lIsrael-Hamas war Newsletters Podcasts Pollof Polls  Policy news ~Events

NEWS > TECHNOLOGY

The plan to replace Huawei
gains steam

‘Open’ 5G network reach tipping point as industry heads to Barcelona for the

o

",
4
™,
e,

N v
Ma, "l
Fintenanipnni®

world’s biggest telco fest.
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TNAETILKOLWVWVLEC KOlL TIOAEULKEC CUPPAEELC

E Michalis Matthaiou @ IEEE Xplore Search... 4 Michail (Michalis) M... [: TCOM manuscript c... @ Editorial Manager® @ Youtube.com l: SP Magazine

Related Topics
Russia-Ukraine war, Elon Musk,
Drones (aircraft), Internet,

Roscosmos

RDOO@
@@

Elon Musk’s Starlink helping Ukraine to
win the drone war

The advanced satellite system keeps the army connected despite power outages and
helps forces to target Russian tanks and positions

Nick Allen and James Titcomb
18 March 2022 - 8:36pm
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