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Some of Today’s Wireless Applications
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Air/Ground/Space Wireless Communications
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Body-Area Wireless Networks
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eHealth Systems
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Smart Devices and IoT
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Smart Materials

• e.g., ferrofluid, aerogel, metal foam, nanotube, amorphous alloy.
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Wireless Communications Responded to COVID-19
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A Location-Based COVID-19 Contact Tracing App

• Advises isolation of individual A after SARS-CoV-2 positive test and
quarantine of its contacts; runs using Bluetooth.

Ferretti et al., “Quantifying SARS-CoV-2 transmission suggests epidemic control with digital contact
tracing,” Science, May 2020.
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Autonomous Vehicles
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On-Board Units
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AI Surveillance
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Drone Delivery
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What’s next?
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Metaverse over Wireless Networks
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Holographic Teleportation
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Digital Twins
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Internet of Senses

© Prof. George C. Alexandropoulos, 2024 Introduction to Wireless Communications 18 / 76



How did everything happen?
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Maxwell, Hertz, and Lodge

• In 1865’s publication “A Dynamical Theory of the Electromagnetic
Field,” James Clerk Maxwell demonstrated that electric and
magnetic fields travel through space as waves moving at the speed of
light; derives an electromagnetic wave equation with a velocity for
light in close agreement with measurements made by experiment, and
deduces that light is an electromagnetic wave.

• In 1888, Heinrich Hertz demonstrated that one could produce and
detect electromagnetic radiation, based on the work of James Clerk
Maxwell.

• In 1894, Oliver Joseph Lodge identified electromagnetic radiation
independent of Hertz’s proof and demonstrated an early radio wave
detector. A relevant patent was awarded in 1898 by the US Patent
Office.
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Lodge’s 1898 Patent on Electric Telegraphy
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Guglielmo Marconi

• In 1894, Guglielmo Giovanni Maria Marconi demonstrated a radio
transmitter and receiver to his mother, a set-up that made a bell ring
on the other side of the room by pushing a telegraphic button on a
bench.

• In 1895, his system became capable of transmitting signals up to 3.2
km and over hills. He concluded that a device could become capable
of spanning greater distances, with additional funding and research,
and would prove valuable both commercially and militarily.

• Marconi is being credited as the inventor of radio and shared the
1909 Nobel Prize in Physics with Karl Ferdinand Braun in recognition
of their contributions to the development of wireless telegraphy.
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Marconi’s 1894 First Radio Transmitter
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How did things evolve?
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Computer Network Types by Scale
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Some Wireless Standards

• Wireless wide area network (WWAN): EDGE, Flash-OFDM,
GPRS, Lorawan, LTE, RTT, UMTS over W-CDMA, UMTS-TDD,
Narrowband IoT, NR.

• Wireless local area network (WLAN): IEEE 802.11a, 802.11b,
802.11g, 802.11n, 802.11ac, 802.11ax standards (Wi-Fi).

• Wireless personal area network (WPAN) and most wireless
sensor actor networks (WSAN): 6LoWPAN, ANT, UWB,
Bluetooth, ZigBee, and Wireless USB.

• The technologies for cellular networks (WWANs) are often split into
generations, 1G till 5G (now).
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Some of the IEEE 802.11 Standards
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Predicted Features for Wi-Fi 7
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WLAN Sensing - IEEE 802.11bf

R. Du, H. Hua, H. Xie, X. Song, Z. Lyu, M. Hu, et al., “An overview on IEEE 802.11bf: WLAN sensing,”
IEEE CST, early access, 2024.
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The Evolution of Gs (1/2)
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The Evolution of Gs (2/2)

• 1G (1970/1984)
• 2G (1980/1999)
• 3G (1990/2002)
• 4G (2000/2010)
• 5G (2010/2015)
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The 5G Use Cases
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Each G’s Key Technologies

• More massive MIMO, densification, and higher frequencies.
• Learn, predict, and adapt via intelligent algorithms.
• Need for cost- and power-efficient transceiver hardware.
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3GPP Release Timelines

• R18 (5G-Advanced) frozen in June 2024; R19 is now the focus.
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3GPP Release 17 Features
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Network Data Analytics Function Enhancements

• Collects data from user equipment, network functions, OAM
systems, etc. from the 5G core, cloud, and edge networks.
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Content of 3GPP Release 18
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Timeplan of 3GPP Release 19
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3GPP Release 19 Technical Priorities
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The Evolution of Full Duplex Technologies
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How do wireless systems work?
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Fading in Wireless Communications
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Multi-Antenna Transceivers and Beamforming

• MIMO systems comprise of multi-antenna TXs and RXs.
• What about H/W cost and power consumption?

© Prof. George C. Alexandropoulos, 2024 Introduction to Wireless Communications 43 / 76



Multi-User Beamforming and Massive MIMO

• Spatial multiplexing of multiple users in the same time and frequency.
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The Rate Formula

• The rate per user in bps is given by:

R = BW × SM gain
K × SE

• BW is the bandwidth (more can provide higher rates)
• SM gain with MIMO, depends on the number of antennas
• K is the number of users in the system
• SE depends on: S&N&I powers and SP techniques; upper bound given

by Shannon’s formula
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Higher Frequencies for Higher Throughput

© Prof. George C. Alexandropoulos, 2024 Introduction to Wireless Communications 46 / 76



What are the targets for 6G?
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6G Key Capabilities
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AI/ML for Wireless Networks
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Sensing
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Full-Duplex-Enabled ISAC

B. Smida, A. Sabharwal, G. Fodor, G. C. Alexandropoulos, H. A. Suraweera, and C.–B. Chae, “Full-duplex
wireless for 6G: Progress brings new opportunities and challenges,” IEEE JSAC, 2023.

M. A. Islam, G. C. Alexandropoulos, and B. Smida, “Direction-assisted beam management in full duplex
millimeter wave massive MIMO systems,” IEEE ICC, 2021. (Best Paper Award)
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6G RAN Key Performance Indicators
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6G Use Cases
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Spectrum for 6G
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Paradigm Shift
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Capabilities and Trends for Future Devices
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Challenges in H/W Components and Computing
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Challenges in Channel Modeling
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6G and Beyond Key Technologies
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6G Timeline
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A Promising 6G Technology:
Reconfigurable Intelligent Surfaces
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Programmable Over-The-Air Signal Propagation

M. Di Renzo, M. Debbah, D.-T. Phan-Huy, A. Zappone, M.-S. Alouini, C. Yuen, V. Sciancalepore, G. C.
Alexandropoulos et al., “Smart radio environments empowered by AI reconfigurable meta-surfaces: An idea whose
time has come,” EURASIP JWCN, May 2019. (EURASIP Best Paper Award 2021)

C. Huang, A. Zappone, G. C. Alexandropoulos, M. Debbah, and C. Yuen, “Reconfigurable intelligent surfaces
for energy efficiency in wireless communication,” IEEE TWC, 2019. (IEEE Marconi Award 2021)
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Available Fabricated RISs
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A Simulated 20 × 20 RIS @50 − 150GHz

Q. Luo, G. C. Alexandropoulos, Y. Zhou, and X. Ma, “Ultra-wideband metasurface at SubTHz: Hardware
design and reflection optimization,” EuCAP, 2022.
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Wireless Environment as a Service

E. Calvanese Strinati, G. C. Alexandropoulos et al., “Wireless environment as a service enabled by
reconfigurable intelligent surfaces: The RISE-6G perspective,” Joint EuCNC & 6G Summit, 2021.

E. Calvanese Strinati, G. C. Alexandropoulos et al., “Reconfigurable, intelligent, and sustainable wireless
environments for 6G smart connectivity,” IEEE COMMAG, 2021.

G. C. Alexandropoulos et al., “Smart wireless environments enabled by RISs: Deployment scenarios and two
key challenges,” Joint EuCNC & 6G Summit, 2022.
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RISs for Secrecy and Eavesdropping
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G. C. Alexandropoulos, K. Katsanos, M. Wen, and D. B. da Costa, “Safeguarding MIMO communications
with reconfigurable metasurfaces and artificial noise,” IEEE ICC, 2021.

G. C. Alexandropoulos, K. Katsanos, M. Wen, and D. B. da Costa, “Counteracting eavesdropper attacks
through reconfigurable intelligent surfaces: A new threat model and secrecy rate optimization,” IEEE OJCOM,
20223.
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Secrecy Spectral Efficiency Maximization

The legitimate BS formulates and solves the following problem:

OPL : max
Nd ,U,V,Z⪰0,ϕ

R̂s ≜ RRX − R̂E

s.t. Tr(VHV) + Tr(Z) ≤ P,

∥U∥2
F ≤ 1, 1 ≤ Nd ≤ min{M, N},

|ϕℓ| = 1 ∀ℓ = 1, 2, . . . , L

RRX ≜ log2

∣∣∣∣INd + UHH̃VVHH̃HU
(
UH

(
σ2IM + H̃ZH̃H

)
U

)−1
∣∣∣∣

R̂E ≜ log2
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E

(
σ2IK + HEZHH

E

)−1
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G. C. Alexandropoulos, K. Katsanos, M. Wen, and D. B. da Costa, “Safeguarding MIMO communications
with reconfigurable metasurfaces and artificial noise,” IEEE ICC, 2021.
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RIS Configuration via Supervised Learning
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C. Huang, G. C. Alexandropoulos, C. Yuen, and M. Debbah, “Indoor signal focusing with deep learning
designed reconfigurable intelligent surfaces,” IEEE SPAWC, 2019.

G. C. Alexandropoulos, S. Samarakoon, M. Bennis, and M. Debbah, “Phase configuration learning in wireless
networks with multiple reconfigurable intelligent surfaces,” IEEE GLOBECOM, 2020.
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DRL-Based Orchestration
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G. C. Alexandropoulos, K. Stylianopoulos, C. Huang, C. Yuen, M. Bennis, and M. Debbah, “Pervasive
machine learning for smart radio environments enabled by reconfigurable intelligent surfaces,” Proc. IEEE, 2022.

C. Huang, Z. Yang, G. C. Alexandropoulos, K. Xiong, L. Wei, C. Yuen, Z. Zhang, and M. Debbah,
“Multi-hop RIS-empowered terahertz communications: A DRL-based hybrid beamforming design,” IEEE JSAC,
2021. (IEEE Communications Society Leonard G. Abraham Prize 2024)
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Enabling 3D Localization with Passive RISs

SISO MISO SIMO MIMO

 0 RISs, 4 BSs, WB
  1 RIS, 1 BS, WB

 1 RIS, 0 BSs, WB  2 RISs, 1 BS, NB

 0 RISs, 2 BSs, NB

 1 RIS, 1 BS, NB

 0 RISs, 3 BSs, NB

 1 RIS, 1 BS, NB

 0 RISs, 2 BSs, NB

 1 RIS, 1 BS, NB

K. Keykhosravi, B. Denis, G. C. Alexandropoulos, Z. S. He, A. Albanese, V. Sciancalepore, and H.
Wymeersch, “Leveraging RIS-enabled smart signal propagation for solving infeasible localization problems,” IEEE
VTM, 2023.
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RISs for Seamless Localization and Sensing
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Figure elements by macrovector on Freepik

H. Chen, H. Kim, M. Ammous, G. Seco-Granados, G. C. Alexandropoulos, S. Valaee, and H. Wymeersch,
“RISs and sidelink communications in smart cities: The key to seamless localization and sensing,” IEEE COMMAG,
2023.

C. Huang, S. Hu, G. C. Alexandropoulos, A. Zappone, C. Yuen, R. Zhang, M. Di Renzo, and M. Debbah,
“Holographic MIMO surfaces for 6G wireless networks: Opportunities, challenges, and trends,” IEEE WCOM, 2022.
(IEEE Communications Society Fred W. Ellersick Prize 2023)
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The RIS Potential for ISAC
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S. Prabhakar Chepuri, N. Shlezinger, F. Liu, G. C. Alexandropoulos, S. Buzzi, and Y. C. Eldar, “Integrated
sensing and communications with reconfigurable intelligent surfaces,” IEEE SPMAG, 2023.
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Multi-Functional RISs
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G. C. Alexandropoulos, N. Shlezinger, I. Alamzadeh, M. F. Imani, H. Zhang, and Y. C. Eldar, “Hybrid
reconfigurable intelligent metasurfaces: Enabling simultaneous tunable reflections and sensing for 6G wireless
communications,” IEEE VTM, 2023.

E. Basar, G. C. Alexandropoulos, Y. Liu, Q. Wu, S. Jin, C. Yuen, O. Dobre, and R. Schober, “Reconfigurable
intelligent surfaces for 6G: Emerging applications and open challenges,” IEEE VTM, 2024.

N. Shlezinger, G. C. Alexandropoulos, M. F. Imani, Y. C. Eldar, and D. R. Smith, “Dynamic metasurface
antennas for 6G extreme massive MIMO communications,” IEEE WCOM, 2021. (IEEE Communications Society
Fred W. Ellersick Prize 2024)
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Should I invest in wireless
communications expertise?
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The Wireless World in 2030

• Some key vendors: Ericsson, Nokia, Huawei, Samsung, Qualcomm, Intel, Cisco, NEC, Capgemini, Ciena, D-link, ZTE,
Fujitsu, NXP, Mavenir

• Top 10 mobile operators: AT&T, Orange, Vodafone, MTN, América Móvil, China Mobile, Telefonica, Deutsche
Telekom, Airtel, Verizon

• Various new players: Apple, Google, Continental, etc.
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Thank you for your attention

Contact Information:

f2f: Office A44, DIT, NKUA Campus
e-mail: alexandg@di.uoa.gr

URL: www.alexandropoulos.info
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