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We are suffering from serious gaps in global internet connectivity
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Quality of Experience
(High Data Rate + Low Latency)

Low _ _ , " High
Cost per User in Remote Low Population Density Areas

! ! A telephone subscriber here may call up and talk to any other subscriber on
the Globe. An inexpensive receiver, not bigger than a watch, will enable him
to listen anywhere, on land or sea, to a speech delivered or music played in
some other place, however distant.

— NikolaTesla 1919

M. —=S. Alouini and M. DiChristina, “A Third of the World’s Population Lacks Internet Connectivity — Airborne
Communications Stations Could Change That “, The Conversation, August 2024.
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[1] M. Matracia, M. Kishk, and M.-S. Alouini, "Post-disaster communications: Enabling technologies, architectures, & open challenges’, I[EEE Open Journal of Communication Society, 2022.
[2] F. Alqurashi, A. Trichili, N. Saeed, B. Ooi, and M. -S. Alouini, "Maritime communications: A survey on enabling technologies, opportunities, and challenges’, IEEE Internet of Things Journall
2023.



Manufacturing Cost Down => Mass Production

~ ®  Geostationary Earth Orbit (GEO) Satellite
+ Fixed position in the sky at ~35,000 km

+ Relatively large delay

+ ViaSat], 2,3

I

® Medium Earth Orbit (MEO) Satellite
2,000~35,000 km

+ Positign and tracking

O3B, SES Networks

Low Earth Orbit (LEO) Satellite
+ 160~2)000 km
* Hand-Over
+ OneWeb, Starlink, Lightspeed,
Kuiper, GW, G60
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Coverage Radius: 100 m-10 km

Environment: Urban/Suburban
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Fixed-Wing Airship Balloon

[1] Z Loy, B. E. Y. Belmekki, and M. -S. Alouini, "HAPS in the Non-Terrestrial Network Nexus: Prospective Architectures and Performance Insights’, IEEE Wireless Communications, 2023.

[2] B.E.Y. Belmekki, A. J. Aljohani, S. A. Althubaity, A. Al Harthi, K. Bean, A. Aijaz, and M.-S Alouini, "Cellular Network From the Sky: Toward People-Centered Smart Communities8JCS,
2024.
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[1] Z Loy, B. E. Y. Belmekki, and M. -S. Alouini, "HAPS in the Non-Terrestrial Network Nexus: Prospective Architectures and Performance Insights’, IEEE Wireless Communications, 2023
[2] B.E.Y. Belmekki, A. J. Aljohani, S. A. Althubaity, A. Al Harthi, K. Bean, A. Aijaz, and M.-S Alouini, "Cellular Network From the Sky: Toward People-Centered Smart Communities8JCS,

2024.
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.f/ + Low-delay choracteristic}_ Space
+ No special UE 160-37.000 km
requirement

* Favorable channels
+ Almost stationary

/-Green communications
-Ubiquitous connection
*Resilient operations
Flexible deployment
*Easy mqintenqn'ce positions
*Remedy to architectural . + Higher area throughput
problems Benefits )\ - Reusability/Maintenance High Altitude
over * Quick deployment | 17-23km
General satellite + Seamless merger : N

Benefits T )

-

Low Altitude
200 m-4.5 km

Benefits
over
Terrestrial

/“Remote coverage « Truly mobile network"
Earth observation + Scaling capability
-Relay/BockhauI Solution » Better LOS links
*Weather predictions Comm. Y Remote coverage including
«Catastrophe management maritime/aviation
Flash crowds + Economical for sparse

-Monitoring and surveillance regions
Connecting the + UW coverage (~60km-
unconnected 400km) L
* Resilient to natural | e,
N disasters’

M. —=S. Alouini and M. DiChristina, “A Third of the World’s Population Lacks Internet Connectivity — Airborne

Communications Stations Could Change That “, The Conversation, August 2024.
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Coexistence of HAPS and Terrestrial Networks

Communication Theory Lab
King Abdullah University of Science and Technology
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@ wide-area coverage
18 to 23 Km v) lower latency

sharing the spectrum

v

interference risk

N S

S. Khemiri, M. Kishk, and M.-S Alouini, “Coexistence HAPS and Terrestrial Network: A Stochastic

Geomtry-Based Performance Analysis’, Under Review.
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« HAPS are deployed over a large
geographical representing a
country, to provide coverage for
rural regions. They are modelled
as a Matern Hard-core Process.

* TBS are deployed in the same
area but specifically to serve
urban regions (cities). They are
modeled using a Neyman-Scott
cluster process, specifically a
Matern cluster process

S. Khemiri, M. Kishk, and M.-S Alouini, “Coexistence HAPS and Terrestrial Network: A Stochastic

Geomtry-Based Performance Analysis’, Under Review.
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« Uncoordinated operation highlights the « Coordinated operation demonstrates the
vulnerability ~ of  rural  coverage @ to potential to optimize performance through
interference coming from 5g network adaptive association policies

S. Khemiri, M. Kishk, and M.-S Alouini, “Coexistence HAPS and Terrestrial Network: A Stochastic

Geomtry-Based Performance Analysis’, Under Review.
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M. —S. Alouini and M. DiChristina, “A Third of the World’s Population Lacks Internet Connectivity — Airborne
Communications Stations Could Change That “, The Conversation, August 2024.
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‘HAPS offer local coverage with a global mindset

Satellite mega-constellations risk orbital crowding and debris vs. HAPS stay in the
stratosphere and can be recovered or reused.

‘Hybrid networks (HAPS + Satellites) can deliver resilience without sacrificing
sustainability.

*Sustainable skies are not optional - they are the foundation of a responsible
digital future.

M. —=S. Alouini and M. DiChristina, “A Third of the World’s Population Lacks Internet Connectivity — Airborne

Communications Stations Could Change That “, The Conversation, August 2024.



ﬁ UNESCO

Chair on Education
Connect the Unconnected

UNESCO

Chair on Education
Connect the Unconnected

UNESCO  aistinesescharon

Chair "Education to Connect the Unconnected”

Linked [T}

Chair on Education Connect the Unconnected

UNESCO

Where to Find Us

KAUST-CTL Media
YouTube Channel

Inspired by
UN SDGs
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Welcome to Communication Theory
Lab

Out research Is focusing on the modeling, design, optimization, and performance
analysis of wireless systems with current emphasis on global connectivity, optical
wireless communications, and high-speed underwater communication

Communication Theory Lab
King Abdullah University of Science and Technology


https://www.linkedin.com/company/kaust-unesco-chair-on-education-to-connect-the-unconnected/
https://cemse.kaust.edu.sa/ctl
https://www.youtube.com/@kaust-ctlmedia8198
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Thank You

A telephone subscriber here may call up and talk to any
other subscriber on the Globe. An inexpensive receiver,
not bigger than a watch, will enable him to listen 02
anywhere, on land or seaq, to a speech delivered or music
played in some other place, however distant. /1

— Nikola Tesla 1919 7

UNESCO Communication Theory Lab

Chair on Education Connect the Unconnected King Abdullah University of Science and Technology
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