6G Haberlegsme Sistemleri: }

Yer, Hava, Uydu Aglari

.I - .
‘ .
oA S s
- . S TS prrh | N "
e - £ Ky "
. LY = - LA ST A
B - AN e ) 2
e By Ny qn?'".
.."l“"f = - 1| . g
.”‘,.. '-. f. » i .n . o r
\L. ."».“- PR A._a ™ ..-’ - o
R =2t AN :
N KT P PTG L
]. N v et ¥
* 'l{ Q,:_ Y ) e ="
s / 2 - | % v
AR 2 p '.‘_. '." e l..o
N e EY e LN - = R o
s N1 . AN
s ATAS - = wal) | 1 W v AN
ALY AN e AN A
e, e (A A )
LW ? L=
. a L]
s -,};:’ AV’:.‘ E—
. 3 PP ‘:.: )
Z > —
¢ s T
- - o ~ * -
.
. == = i |
& 7 = A T .
ot y ~ \'>
& 2=
g ‘ ¥ o y
/.}1; . e .' y
J S ~——— N
5 Z" # ~ "_\,;",
7 T

8T Telsiz Haberlesme Arastirma Laboratuvart (THAL)

9

HAZIRAN
SALI
16:00 - 16:40

KONUSMACI

Prof. Dr.
Giines Karabulut Kurt
ITU Elektrik Elektronik Fakiiltesi

KAYIT

duyuru@itunovatto.com.tr
www.itunovatto.com.tr

ZOOM Uygulamas:

Online Seminer

Q©zoom

iTUNOVA

Aty Thawsor o

TOSB

INOVASYON MERKEZI



~

° oo [
|

\Z

oY &

e ke

) A % Tstanbul Teknik Universitesi

6G Haberlesme Sistemler:
Yer, Hava, Uydu Aglari

Prof. Dr. GUnes Kurt

ELEKTRONIK VE HABERLESME MUHENDISLIGI BOLUMU

ISTANBUL TEKNIK UNIVERSITESI

S TU Telsiz Haberlesme Arastirma Laboratuvari (THAL)  09/06/2020



Icerik

1. Arastirma Grubumuz

2. Hucresel Sistemlerin Temel Bilesenleri

3. Hiucresel Sistemlerin Gelisimi 1G/2G/3G/4G/5G
4. 6G Sistemlere Dogru (~2030)

5. Cozulmesi Gerekecek Problemler

6

Cikarimlar

Y 1T Telsiz Haberlesme Arastirma Laboratuvart (THAL)



Icerik

Arastirma Grubumuz
Hucresel Sistemlerin Temel Bilesenleri

Hiicresel Sistemlerin Gelisimi 1G/2G/3G/4G/5G

1.

2

3

4. 6G Sistemlere Dogru (~2030)

5. Cozulmesi Gerekecek Problemler
6

Cikarimlar

Yt 1T Telsiz Haberlesme Arastirma Laboratuvart (THAL)



Carleton Universitesi

# Ottawa, Kanada (1946)
4 32,000 ogrenci

# Haberlesme Muhendisligi
Bolumu

# Global ranking in telecom 88
engineering: #33 (2019)
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Carleton University, Prof. Halim Yanikémeroglu
Fellow, IEEE

14,378 Citations
https://scholar.google.ca/citations?user=C2iee4YAAAAI&hl=en

Carleton University 6G Workshops (Summer 2020)
# 6G Non-Terrestrial Networks (NTN)

# 6G PHY and Signal Processing
# Al /ML / Data Analytics for 6G

e B
Dr. Tasneem Darwish Dr. Ahmed Ibrahim Dr. Mohammad Khoshkholgh
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ITU/THAL
Calisma Grubu (0gretim Uyeleri)

» Prof. Dr. Glines Karabulut Kurt
o gkurt@itu.edu.tr

> Prof. Dr. ibrahim Altunbas
o ibraltunbas@itu.edu.tr

> Prof. Dr. Umit Aygdli
o aygolu@itu.edu.tr

» Prof. Dr. Hakan Ali Cirpan
o cirpanh@itu.edu.tr

» Prof. Dr. M. Ertugrul Celebi
o mecelebi@itu.edu.tr

Telsiz Haberlesme Arastirma Laboratuvari (THAL)
https://www.thal.itu.edu.tr/
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THAL Calisma Konulari

» Telsiz Haberlesme Sistemleri ve Aglari

»5G ve Sonrasi Hiicresel Haberlesme Sistemleri/Teknikleri

> Indis Modiilasyonu, Uzaysal Modiilasyon, Ortam Tabanli Modiilasyon
(Media Based Modulation, MBM)

»NOMA, mmWave, Drone Tabanli Haberlesme

> Telsiz Haberlesmede Makine Ogrenmesi

» Fiziksel Katman Glivenlik, Gizlilik, Karistirma ve Yaniltma Coziimleri
»Tam Cift YonlU (Full-duplex) Haberlesme

» Enerji Verimli Haberlesme, Enerji Hasatlama (Energy Harvesting),
SWIPT
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THAL- Deneysel Calismalar (1/3)

Non-orthogonal
Multiple Access

M. Aldababsa, C. Goztepe,

G. Karabulut Kurt, and O. Kucur,
“Bit Error Rate for NOMA Network,"
accepted for publication in IEEE
gg%munications Letters, March 10,

Real-time Machine
Learning in MIMO

Channel
Roceivaer

LE-MIMOD
GSMm
Reoelver
2 Antennas

S. Gecgel, C. Goztepe, and

G. Karabulut Kurt “Transmit Antenna
Selection for Large-Scale MIMO GSM

with Machine Learning,” in IEEE
Wireless Communications Letters, vol.
9, no.1, Jan. 2020.

il
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Hybrid Key

Generation

G. Karabulut Kurt, Y. Khosroshahi,
E. Ozdemir, N. Tavakkoli and
O.A. Topal “A Hybrid Key Generation
and a Verification Scheme,” in IEEE
Transactions on Industrial Informatics,
vol. 16, no.1 , Jan. 2020.

>




THAL- Deneysel Calismalar (2/3)

Network Coded

Cooperation

S. Tedik Basaran, S. Gokceli,

G. Karabulut Kurt, E. Ozdemir, and
E. Yaraneri, “Error Performance
Analysis of Random Network Coded
Cooperation Systems,” in IEEE

Transactions on Wireless
Communications, vol.16, no.8, Aug.

2017.

RF Energy
Harvesting

D. Altinel, and G. Karabulut Kurt,
“Energy Harvesting from Multiple RF
Sources in Wireless Fading Channels,”

IEEE Transactions on Vehicular
Technology, vol.65, no.11, Nov. 2016.

>
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RF Energy
Harvesting with SDR

M. Cansiz, D. Altinel, and

G. Karabulut Kurt, “Effects of
Different Modulation Techniques on
Charging Time in RF Energy
Harvesting System,” accepted for
publication in IEEE Transactions on

Instrumentation & Measurement, Feb.
18, 2020.




THAL- Deneysel Calismalar (3/3)

Secure Autonomous System Design
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O. Topal, M.O. Demir, Z. Liang, A. Pusane, G. Dartmann, G. Asheid, and G. Karabulut Kurt, “A Physical Layer Security
Framework for Cognitive Cyber Physical Systems," accepted for publication in IEEE Wireless Communications Magazine, May
11, 2020.
>
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6G ile llgili Calismalarimiz

K. Tekbiyik, A.R. Ekti, G. Karabulut Kurt, A. Gorcin, H. Yanikomeroglu, “A holistic
investigation on terahertz propagation and channel modeling toward vertical
heterogeneous networks”, under review in [EEE Communications Magazine.

T. Darwish, G. Karabulut Kurt, H. Yanikomeroglu, G. Senarath, P. Zhu, “An intelligent
vertical HetNet (I-VHetNet) architecture: A vision of self-evolving networks”, in
preparation.

Y. Aydin, G. Karabulut Kurt, E. Ozdemir, H. Yanikomeroglu, “A Flexible and Lightweight
Group Authentication Scheme”, under review in IEEE Communications Magazine.

C. Goztepe, S. Bluiyukcorak, G. Karabulut Kurt, H. Yanikomeroglu,“Localization Threats in
Next Generation Wireless Networks”, under review in [EEE Communications Magazine.

L. Bariah, L. Mohjazl, S. MUHAIDAT1, G. Karabulut Kurt, H. Yanikomeroglu, O. Dobre, “A
Prospective Look: Key Enabling Technologies, Applications and Open Research Topics in
6G Networks” , under review in [EEE Communications Magazine.

K. Tekbiyik, A.R. Ekti, G. Karabulut Kurt, A. Gorcin “Modeling and Analysis of sub—
Terahertz Communication Channel via Mixture of Gamma Distribution”, in preparation.
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Radyo Kaynaklari (Resources)

Band Genisligi
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Band Genisligi & Kullanimi

Bilgi Teknolojileri ve Iletisim Kurumu (BTK) tarafindan denetlenmektedir.

Guncel DUzenleme:

1805 MHz - 1880 MHz GSM
1880 MHz - 1885 MHz DECT
GSM-R
876 MHz - 880 MHz Taktik Radyo Link 1880 MHz - 1900 MHz Noktadan Gok Noktaya Link
Sabit Link 1885 MHz - 1900 MHz DECT

880 MHz - 890 MHz

890 MHz - 915 MHz

Taktik Radyo Link
GSM

1900 MHz - 1920 MHz

Noktadan Cok Noktaya Link

915 MHz - 921 MHz PMR/PAMR 1900 MHz - 1930 MHz IMT-2000/UMTS
921 MHz - 925 MHz GSM-R
IMT-2000/UMTS
Deniz Radar 1930 MHz - 1970 MHz Sabit Link
925 MHz - 935 MHz Sabit Link

935 MHz - 942 MHz

Taktik Radyo Link
GSM

1970 MHz - 1980 MHz

IMT-2000/UMTS
Sabit Link

942 MHz - 960 MHz GSM 1980 MHz - 2010 MHz IMT-2000 Uydu Bile?eni
DME

960 MHz - 1215 MHz SSR 2010 MHz - 2025 MHz IMT-2000/UMTS
TACAN-DME Sabit Link

a n
1215 MHz - 1240 MHz GPS 2025 MHz - 2110 MHz .
Uzay Arastirma

Amator

1240 MHz - 1260 MHz Glonass IMT-2000/UMTS
Radar (Sivil) 2110 MHz - 2120 MHz WzayiAractima
Amator

1260 MHz - 1270 MHz Birincil Radar 2120 MHz - 2170 MHz IMT-2000/UMTS
Hava izleme Uzay Arastirma
Amator

1270 MHz - 1300 MHz Hava izleme GMDSS
Radar (Sivil) 2170 MHz - 2200 MHz IMT-2000/UMTS
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Temel Coklu Erisim Yontemleri

I CODE CODE

TIME

FREQUENCY
FREQUENCY T CODE Buﬁ

Frekans Bolmeli Coklu
Erisim (FDMA)
FREQUENCY

Kod Bolmeli Coklu
Erisim (CDMA)

Zaman Bolmeli

Coklu Erisim
(TDMA)

TIME

%1ﬂjﬁhhH%ﬂbwmAmwmmL%mmmmjUHAQ



Temel Kavramlar

Hucre:

Tek bir baz istasyonu tarafindan hizmet verilen cografi bir bolgedir.
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Frekans Tekrar Kullanimi




HUcre Turler;

Evrensel kapsama alani icin ayni anda cesitli hlicre
tipleri kullanilir

Semsiye hiicre

Makro hucre .—
.' '&\

.‘ Mikro hiicre

S T Telsiz Haberlesme Arastirma Laboratuvart (THAL)



HUcresel Sistem Bilesenler;

CEKIRDEK

" SEBEKE
(

Radyo Erisim Sebekesi
(Radio Access Network - RAN)
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3GPPve ITU

1865’de Cenevre’de kurulan International Telecommunication Union (ITU) iletisim
aglarinin uluslararasi baglantili bir sekilde g¢alismasini saglamayi amacglamaktadir. Bu
baglamda global radyo spektrumunu ve iletisim uydu yoringelerini, ve uluslararasi

baglanti standartlarini belirler.

x@ 3GPP, 7 organizasyonel parterin bir araya gelerek olusturdugu, ITU’nun olusturdugu
p . standartlar c¢ercevesinde yeni iletisim teknolojilerinin radyo iletisimi, cekilrdek ag

~cosanmiative  jletisimi ve aglar arasi iletisimin detayli gereksinimlerini tanimlayan ticari bir

—

birlikteliktir.

3GPP 6neri dokiimanlari ile ITU

gereksinimlerini beslerken,
diger taraftan da ITU
gereksinimleri, 3GPP’nin

uymasi gereken gereksinimleri
olusturur. Bu sekilde karsilikh
etkilesim sirekli bir sekilde
devam etmektedir.

(2o | 2036 [ 2w [ ams | a9 | 200
WPSD. 823 $24 25 26 "2 W28 #1249 130 31 #3lbls #32 133 i34 035 3¢

ITU ® WRC-15 @ Workshop ® WRC-19
(IMT-2020) Requirements Proposals Specifications
TSG:
@® RAN 5G workshop SG Ph.1 Release @ 5G Ph.2 Release
1 ef
3GPP Release 14 Release 15
(5G)
5G Study 5G Phase 1 5G Phase 2
Stage3 @ Official Release
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IMT-Advanced

e

% IMT-2000 Visio
©
=
L
2G — Sayisal ,

'\ GSM, 1595

Vv

1980s 1990s 2000 2010 2020 2030

IMT: International Mobile Telecommunications
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Zaman Cizelgesi—2/2

The evolution of Mobile Apps: 1994 to 2019




1G — Ozellikleri

Analog iletim teknolojisi
Yari-iletken ve mikroislemci teknolojilerine 6ncultk etmistir

Ses hizmetine odaklanmistir
o Veri hizmeti yok

Uyumsuz standartlar
o Farkli frekanslar ve isaretlesmeler

Verimsiz radyo spektrumu kullanimi
Ornek: Nordic Mobile Telephone 450

1982
> isveg
Avrupa’da kurulan ilk telsiz haberlesme standardidir
o Turkiye'de de kullanilan ve “Arac telefonu” adiyla bilinen
sistemdir

“Hafif” tasinabilir cep telefonlarinin gelistirilmesine
onculik etmistir

Uluslararasi dolasim destegi sinirhdir

ITU Telsiz Haberlesme Arastirma Laboratuvar: (THAL)




1G - Hizmetler]

Standart ses

Veri hizmeti yok

Ek hizmetler yok

4G Technology,
16 Service

\\
<
- .\
- ‘\‘ .
\‘ - »
& .«. \ »
- - ‘_\.‘ -

Telecom providers struggle to handle
complex, changing service demands.

Y 1T Telsiz Haberlesme Arastirma Laboratuvart (THAL)



1G Gorunum

Bir dizi uyumlu olmayan (incompatible) sebeke

BlUyume kapasitesi sinirli
Dolasim destegi sinirli
Girisime karsi duyarli
Guvenlik zayif

Telsiz veri iletimi destegi yok

Uclincu taraf farkli sirket uygulamalari yok

s iTOU Telsiz Haberlesme Arastirma Laboratuvar: (THAL)



Cozum: 2G

Analog tekniklere yerine sayisal teknikler tercih edilmistir

Artan esneklik
o Hata kontroli

o Sikistirma

Guvenlik
Kullanilabilir band genisliginin daha verimli kullanimi

PSTN (Public Switched Telephone Network) sabit bileseni ile uyumlulugun artisi

Hizmet kalitesi artisi

Telsiz veri hizmetleri verebilme olanagi

Dinamik kanal atamasi

81" ITU Telsiz Haberlesme Arastirma Laboratuvari (THAL)




2G — Sebeke Erisim Teknigi

*Zaman Bolmeli Coklu Erisim - (TDMA)
— Kullanicilar zamanda ¢ogullama ile frekans bandini paylasirlar

*Pratikte
— Kullanilabilir spektrum frekans kanallarina boliintir (FDMA)
— Her frekans kanali alt donglisel zaman dilimlerine (1,2,3,1,2,3,1,2,3 ...) boltinur
— Bir arama icin bir zaman kanali tahsis edilir atanir

Etkileyen faktoérler:
o Sebeke standardi

o Operator politikalari
Gelistirilmis standart telefon hizmeti (ses)
Basit telsiz veri hizmeti

Ek hizmetler
o Cagri kisitlama

i
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2G Ornegi - GSM G.EH

HE ™

Global System for Mobile Communication (GSM)
. Group Spéciale Mobile

1982 yilinda tasarimina baslanmistir

Avrupa’da 1992’de kurulmustur
— 1994 yilinda Turkiye'de 2G sistemler hizmete girmistir

*  European Telecommunications Standards Institute (ETSI) tarafindan
dizenlenmistir

En basarili 2G sistemi !

i
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3G - Standartlari

Hedef :

Evrensel, her zaman her yerde olma, dusuk maliyetli birlikte calisabilir
hizmetler

Standartlar:

> UMTS (3GPP)

o CDMA2000 (3GPP2)

o Ek olarak TD-SCDMA (China)

Bu sistemler, 6zellikle kullanicinin bakis acisindan, fonksiyonel olarak benzerdir

Tamamen farkl radyo erisim teknolojileri kullanirlar ve sebeke mimarisinin bazi
ayrintilari 6nemli 6lclde farkhdir => 6nemi oranda uyumsuzdurlar

1

S TU Telsiz Haberlesme Arastirma Laboratuvart (THAL)



3G — Hizmetleri

Halen asagidakilere baghdir
o Sebeke standardi
o Qperator politikalari

Genisband telsiz veri hizmeti

Ek hizmetler
> Video konferans

o \/oIP
o |Interaktif IP hizmetleri
o Canh Radyo

¥ TU Telsiz Haberlesme Arastirma Laboratuvar: (THAL)



4G - Standartlar

N 2
lte l éANOEO
Ana Teknolojiler

* Multiple Input Multiple Output (MIMO)

* Frequency-domain-equalization, for example Multi-carrier modulation (OFDM)
* Turbo principle error-correcting codes

e Channel-dependent scheduling

* Link adaptation

iy &
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5G — New Radio

Enhanced mobile broadband

Gigabytos in a second

E

3D wideo, UMD scroens

Work and play in the cioud
g « Augmented reaity
; [ Intusiry automation

Smarnt home/bullding

Voice
Mission critical applicatio

g Self dewing car

Ultra-reliable and low latenc
communications

SMArn ity s

Massive machine type
communications

| h
3G 4G 5G

100 Mbps 10 Gbps

2001} (2009) {2020)

100 GHz

= ]

4G Large Millimeter Wave Bandwidth Opportunity

Dikey Endustriler (Verticals)
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Yakin Gelecek — Dikey Ag Yapisi

—_—

W

Aerial Nodes s .’ =

Drone haberle§me birimleri h&&q

C. Goztepe, S. Buyukgorak, G. Karabulut Kurt, H. Yanikomeroglu,“Localization Threats in
Next Generation Wireless Networks”, under review in IEEE Communications Magazine.

B . . :
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Yiksek Irtifa Platform Istasyonlari

HAPS: High Altitude Platform Station

ITU tanimina gore 20-50 km yukseklikteki haberlesme birimleri.

-~

Ultra-mMIMO
assisted CubeSat

K. Tekbiyik, A.R. Ekti, G.
Karabulut Kurt, A. Gorcin,
H. Yanikomeroglu, “A
holistic investigation on
terahertz propagation
and channel modeling
toward vertical
heterogeneous
networks”, under review
in IEEE Communications
Magazine.

Vertical backhaul Ultra-narrow beams

Ultra-mMIMO |
assisted HAPSs|

Temporary density

https://hapsalliance.org/
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LEO Uydu Aglari

TR 22.822 (V16.0.0) “Study on using Satellite
Access in 5G”

3GPP TR 23.737V17.0.0 (2019-12) - ”Study on
architecture aspects for using satellite access in

* Dorder akilli anten ile iletisim saglanmasi

SATELLITES 1000km «

Standardize solar paneller

* Otonom manevra kabiliyeti

" ITU Telsiz Haberlesme Arastirma Laboratuvari (THAL)



Terahertz Haberlesme

Frequency [T~ T~ T- T T T~ T &g T T T T T - 1 1~ T
(Hz) [10° 10 107 10 10" 10 10" 10 10" 10™ 10" 10" 107 10 10" 107

GEO Satellites
\ = \ -
Radio waves Microwaves  THz Infrared 3 Ultraviolet X-rays and y-rays
>

Wavelength 10° 10 10" 10° 107 107 10® 10 10° 1w0* 107 10* 10" 1070 107"
(m | | | | | | | | |
L : | 1 , |
< Electronics Optics.
Constellation
{e.g.. CubeSats, etc.)

Makina 6grenmesi
tabanli ag
yonetimi
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Otonom Araclar/Hava Birimler:

Multi-band :
Antenna Arrays |

~

‘.'
B ) -

o
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Akilli lletim Birimler:

figuration Contexts Eavesdropper

Sensors ~°~°:

-Percieved Risks- 583 @

Context Adaptation -Selected Policy-= Configuration Actuators
Manager .—Resources—» Manager Manager

A
!
Requirements

Control Center
Sy Jammer | Spoofer
B user P
O. Topal, M.O. Demir, Z. Liang, A. Pusane, G. Dartmann, G. Asheid, and G. Karabulut Kurt, “A Physical Layer

Security Framework for Cognitive Cyber Physical Systems,” accepted for publication in IEEE Wireless
Communications Magazine, May 11, 2020.
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Cikarimlar

‘ 6G Haberlesme Sistemleri: ]

Yer, Hava, Uydu Aglari

~ .‘. % o",";’,' > AL : ~ '
T A 6G ~2030
s S e 7Yy
. :'i‘v" ) v ’-"-‘ "-C'. .
“.1"-"»:‘.',_. ." .‘ o .;: e o 'k =
07 e S Dikey ag yapisi
’fl. ‘a ‘:.:./J‘ : ‘i [ 'Q ) f“" “.?"“"‘ ] [ ] J
g s o . TaY a L
Y el 0 | e Yeni nesil uydu aglar
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Sonuc

Her zaman her yerde 3 boyutta iletisim...

g™ ITU Telsiz Haberlesme Aragtirma Laboratuvari (THAL)



Isbirligi Yapilan Bazi Universiteler/Kuruluslar

o Carleton University (Prof. Dr. Halim Yanikdmeroglu)

o Lancaster University (Assoc. Prof. Dr.
Chatzigeorgiou )

o University of Ottawa (Prof. Dr. Abbas Yongacoglu)

o Alexander TEIl of Thessaloniki Univ (Assoc. Prof. Dr.
Periklis Chatzimisios)

o Aalto University (Assoc. Prof. Dr. Camilla Hollanti,
Prof. Dr. Marcus Greferath)

o Fas-INPT (Assist. Prof. Dr. Houda Chafnaji)

o RWTH Aachen University (Prof. Dr. Gerd Ascheid,
Dr. Guido Dartmann)

o Lisbon University
Monteiro)

o Cyprus University (Assist. Prof. Dr. loannis Krikidis)
o Novi Sad University (Dr. Dejan Vokobratovic)
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(Assist. Prof. Dr. Francisco

Koc¢ Univ. (Dog. Dr. Ertugrul Basar)

iTU Bilisim Enstitlisi (Dog. Dr. Enver Ozdemir,
Prof. Dr. Lutfiye Durak)

Kadir Has Univ. (Prof. Dr. Erdal Panayirci,
Dog. Dr. Serhat Erkiictik)

o Ozyegin Univ. (Prof. Dr. Murat Uysal)

o Medipol Univ. (Prof. Dr. Hiiseyin Arslan, Dr. Ogr.
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Uyesi Tuncer Baykas)

Gebze Teknik Univ. (Prof. Dr. Oguz Kucur)

Bogazici Univ. (Dog. Dr. Ali Emre Pusane)

izmir Yuksek Tek. Ens. (Doc. Dr. Berna Ozbek)
istanbul Medeniyet Univ. (Do¢. Dr. Eylem
Erdogan)

Yildiz Teknik Univ. (Dr. Ogr. Uyesi Ferkan Yilmaz)

Yildiz Teknik Univ. (Doc. Dr. Haci ilhan)
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