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‘ An Overview of 6G Networks
‘ The Role of THz Communications
‘ A Case Study for 240GHz—-300GHz

‘ A Flexible Channel Model - Gamma Mixture
‘ An Example: RIS-Empowered Inter-Satellite Links

‘ Open Issues and Conclusions
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An Overview of 6G Networks
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A fully integrated Vertical
Heterogeneous Network
(VHetNet)
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G. Karabulut Kurt, M. G. Khoshkholgh, S. Alfattani, A. Ibrahim,T. S. J.. Darwish, Md S. Alam,H. Yanikomeroglu, and A. Yongacoglu, “A
Vision and Framework for the High Altitude Platform Station (HAPS) Networks of the Future ,” accepted for publication in IEEE
Communications Surveys and Tutorials (2021) https://arxiv.org/abs/2007.15088
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Urban or
suburban areas
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Desert Mountainous
terrain

Terrains not suitable for
ground station placement

Terrains suitable for
ground station placement

A Closer Look

A big change is expected
in space/air networks !

There is a need to push the carrier
frequency beyond the mmWave
band to overcome the spectrum

scarcity below 100 GHz.

Requirements

1. High bandwidth (i.e. high data rate)

2. Controllable interference
management in congested
deployments

G. Karabulut Kurt, M. G. Khoshkholgh, S. Alfattani, A. Ibrahim,T. S. J.. Darwish, Md S. Alam,H. Yanikomeroglu, and A. Yongacoglu, “A
Vision and Framework for the High Altitude Platform Station (HAPS) Networks of the Future ,” accepted for publication in IEEE

Communications Surveys and Tutorials (2021) https://arxiv.org/abs/2007.15088
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@=" The Role of THz Communications
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K. Tekbiyik, A.R. Ekti, G. Karabulut Kurt, A. Gorcin, and H. Yanikomeroglu, “A Holistic Investigation on Terahertz Propagation and Channel
Modeling Toward Vertical Heterogeneous Networks,” IEEE Communications Magazine, vol. 58, no. 11, Nov.
2020. https://ieeexplore.ieee.org/document/9269928

5 WWRF Workshop: THz Waves 2021-04-22



https://ieeexplore.ieee.org/document/9269928

. F N, POLYTECHNIQUE

Frasd v L] [}
S %Y MONTREAL
W
S ~ _ TECHNOLOGICAL
2SS UNIVERSITY

UM-MIMO
assisted CubeSat

Ultra-nargow beams * THz networks can employ ultra-
massive antenna arrays — possible
to cover a 1 mm? area with four
antennas at 300 GHz

« This form factor it can be turned into
an advantage by dynamically
adjustable beam pattern and multiple
spot flexibility.

« Accurate channel models are
needed to quantify the benefits fully!

Vertical backhaul/
fronthaul plane

K. Tekbiyik, A.R. Ekti, G. Karabulut Kurt, A. Gorcin, and H. Yanikomeroglu, “A Holistic Investigation on Terahertz Propagation and Channel
Modeling Toward Vertical Heterogeneous Networks,” IEEE Communications Magazine, vol. 58, no. 11, Nov.
2020. https://ieeexplore.ieee.org/document/9269928
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@=" A Case Study for 240GHz—-300GHz (1/4)
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Measurement setup is prepared in the
anechoic chamber to suppress possible
reflections and guarantee LOS conditions.
Laser source is used to eliminate any
misalignment.

MillimeterWave and Terahertz Technologies Research Laboratories (MITAL) at the Scientific and Technological Research
Council of Turkey (TUBITAK) in Gebze, Turkey

Tekbiyik K, Ekti AR, Kurt GK, et al.. THz Wireless Channel Measurements in between 240GHz and 300GHz
Available:https://ieee-dataport.org/open-access/thz-wireless-channel-measurements-between-240ghz-and-300ghz
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= A Case Study for 240GHz—-300GHz (2/4)

A snapshot of pulse train measurement.

K. Tekbiyik, E. Ulusoy, A.R. Ekti, S. Yarkan, T. Baykas, A. Gorcin, and G. Karabulut Kurt, “Statistical channel modeling for short range line—of—sight terahertz
communication,” in IEEE International Symposium on Personal, Indoor and Mobile Radio Communications (PIMRC), Istanbul, Turkey, 08-11 September, 2019

https://ieeexplore.ieee.org/abstract/document/8904237
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== A Case Study for 240GHz—-300GHz (3/4)
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K. Tekbiyik, E. Ulusoy, A.R. Ekti, S. Yarkan, T. Baykas, A. Gorcin, and G. Karabulut Kurt, “Statistical channel modeling for short range line—of—sight terahertz
communication,” in IEEE International Symposium on Personal, Indoor and Mobile Radio Communications (PIMRC), Istanbul, Turkey, 08-11 September, 2019
https://ieeexplore.ieee.org/abstract/document/8904237
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QE=" A Case Study for 240GHz—300GHz (4/4)
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First arriving paths in temporal domain for different transmitter—
receiver separations under LOS. The horizontal axis is given in
terms of transmitter—separation.

Frequency (GHz) _ _ _
Averaged channel frequency responses in logarithmic scale for

various LOS scenarios including the impact of antenna
misalignment via antenna tilt.

K. Tekbiyik, A.R. Ekti, A. Gorcin, and G. Karabulut Kurt, On the Advances of Terahertz Communication for 5G and Beyond Wireless Networks, in Flexible and Cognitive
Radio Access Technologies for 5G and Beyond, The Institution of Engineering and Technology, 2020. https://digital-library.theiet.org/content/books/10.1049/pbte092e ch12
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K. Tekbiyik, A.R. Ekti, A. Gorcin, and G. Karabulut Kurt, On the Advances of Terahertz Communication for 5G and Beyond Wireless Networks, in Flexible and Cognitive
Radio Access Technologies for 5G and Beyond, The Institution of Engineering and Technology, 2020. https://digital-library.theiet.org/content/books/10.1049/pbte092e ch12
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ok A Flexible Channel Model (1/3)
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Instead of using a single distribution to model the received power characteristics, the mixture model is able
to give information about each sub-band characteristics.

K. Tekbiyik, O. Akbunar, A.R. Ekti, G. Karabulut Kurt, A. Gorcin, and S. Yarkan, “Modeling and Analysis of Short Distance Sub-Terahertz

Communication Channel via Mixture of Gamma Distribution,” accepted for publication in IEEE Transactions on Vehicular Technology 2021,

https://ieeexplore.ieee.org/document/9368251
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=" A Flexible Channel Model (2/3)
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K. Tekbiyik, O. Akbunar, A.R. Ekti, G. Karabulut Kurt, A. Gorcin, and S. Yarkan, “Modeling and Analysis of Short Distance Sub-Terahertz
Communication Channel via Mixture of Gamma Distribution,” accepted for publication in IEEE Transactions on Vehicular Technology 2021,

https://ieeexplore.ieee.org/document/9368251
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== A Flexible Channel Model (3/3)
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K. Tekbiyik, O. Akbunar, A.R. Ekti, G. Karabulut Kurt, A. Gorcin, and S. Yarkan, “Modeling and Analysis of Short Distance Sub-Terahertz
Communication Channel via Mixture of Gamma Distribution,” accepted for publication in IEEE Transactions on Vehicular Technology 2021,

https://ieeexplore.ieee.org/document/9368251
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@  An Example: RIS-Empowered ISLs (1/3)
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Inter-satellite links (ISLs)

K. Tekbiyik, G. Karabulut Kurt, A.R. Ekti, A. R., Gorgin, A., and H. Yanikomeroglu, “Reconfigurable intelligent surface empowered
terahertz communication for LEO satellite networks”, under review (preprint arXiv:2007.04281), https://arxiv.org/abs/2007.04281
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@=" An Example: RIS-Empowered ISLs (2/3)
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K. Tekbiyik, G. Karabulut Kurt, A.R. Ekti, A. R., Gorgin, A., and H. Yanikomeroglu, “Reconfigurable intelligent surface empowered
terahertz communication for LEO satellite networks”, under review (preprint arXiv:2007.04281), https://arxiv.org/abs/2007.04281
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K. Tekbiyik, G. Karabulut Kurt, A.R. Ekti, A. R., Gorgin, A., and H. Yanikomeroglu, “Reconfigurable intelligent surface empowered
terahertz communication for LEO satellite networks”, under review (preprint arXiv:2007.04281), https://arxiv.org/abs/2007.04281
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@5 Conclusions and Future Directions

 THz has the potential to address the high data rate demands (certainly
worth more research)

 Numerous Open Issues:

* Cell-Free Networking

e Software-Defined and Self-Organizing Networks

e Channel Modeling and Estimation

 Multiple Access Techniques including on-orthogonal multiple access (NOMA),
* Beam Alignment/Pencil Beams

* Poly-Grames Research Center: https://www.grames.polymtl.ca

Prof. Ke Wu, Prof. Christian Cardinal, Prof. Julien Cohen-Adad, Prof. Jean-Francois Frigon, Prof. Raman Kashyap, Prof.
Jean-Jacques Laurin, Prof. Chahé Nerguizian, Prof. Mohammad S. Sharawi...

European funding opportunities with Canada through Horizon Europe and EUREKA Network programs

Canada is an Associated Country
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Thank you for your attention

Questions?
gunes.kurt@polymtl.ca
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