Y/ UNIVERSITY

Enabling Technologies for
Satellite Systems in 6G

Prof. George Goussetis

Head of Institute of Sensors Signals and Systems
School of Engineering and Physical Sciences
Heriot-Watt University




HERIOT
S WATT

Satcom in 6G

s ™
NT-Edge Computing Multi-layered NT-Segment
= GEO nodi
N _ e _ M o
¥, Ao N M
o J
[ 4 L/
e ~ Vg
\ Ve e ~
\ ~
oV*® <« — —\:p o\V® — hd L S - Sl
satellite swarm *~.. HAPsfleet c,j‘
ool - &
DL + F
\_ ~ ) /
S ~
&= E L
s - ..
=) +*
gg E .. | -
o o - e
o o | D
i@ @ . . t’ « & Rescue & Emergency
s D o (critical
Lo ~ -~ communications)
et e
loT networks D e eMBB services |
(low powered devices) . Backhauling Broadcasting
eMBB services (X-hauling) & Broadband
g’;‘:;';"nd Edge/Regional cloud(s) Edge/Regional Cloud(s)
q = Cell sites P*_’ "“*“'
Ground segment =
(Access Network & Control) Terrestrial Access Network -
g
Beyond 5G Core Network §
Regional/Central Cloud(s) ﬁﬁ‘.
53
=3
. S
Data networks, Service Platforms Other Terrestrial/ §

Internet

Satellite Operator Networks

Agenda

** Feeder link
e Q/V- & W-bands
e Site diversity

s User link
* Passive technologies
* Active technologies
* System context

** Nano-satellites

s User terminals

’0

Concluding remarks

L)



HERIOT
S WATT

A5}
BB
X )

Y/ UNIVERSITY

Satcom in 6G

s ™
NT-Edge Computing Multi-layered NT-Segment
= GEO nodes
N _ e _ M o
¥, ” Y
A
4 ~ %
v "l , ~
A -
@ INLs [ T L TT
'|. = ="' oV A= ——— - - -
Satellite swarm +., HAPs fleet c,j‘
ool - &
DL + F
\_ ~ ) /
S ~
s F .
s - ..
=) +*
éﬁ £ R
o -gl . - e ..
-
i@ @ . . t’ . & Rescue & Emergency
s D o (critical AN
Lo ~ -~ communications)
et e
loT networks D e eMBB services |
(low powered devices) . Backhauling Broadcasting
eMBB services (X-hauling) & Broadband
g’;‘:;';"nd Edge/Regional cloud(s) Edge/Regional Cloud(s)
q = Cell sites P*_’ ¢ * Y "“*“'
Ground segment =
(Access Network & Control) Terrestrial Access Network -
g
®
Beyond 5G Core Network §
Regional/Central Cloud(s) ﬁﬁ‘.
53
=3
. S
Data networks, Service Platforms Other Terrestrial/ §

Internet

Satellite Operator Networks

s Feeder link
e Q/V- & W-bands
e Site diversity
* Linklevel



alphasat

Data collection
from ESA Q/V-
band beacon in
in-house SDR-
based terminal

—t
alphasat

Beyond Ka-band

Multi-site data ., .
collection to :E; ‘

Aghasat Satelte, 25deg East ] Q Band: 39.46Hz , Ka Band: 19.7GHz
T

|- Blue line: Azimuth to satellite ?' |

i g —;? b
P il E‘{%’ﬁ" Lo
BN | ,‘dt z Elevat.:21.5° s

y YRR

S0k

2 — 5

N ,{ Q'Mi \'\‘\ b
understand AT e

S}“Wﬂ i< | 1zew W

ava i |a bi I ity With i n ﬂ"‘i‘ N Ch"bq"w) !‘,Elevatzh b
the U K 0 7% Eleval 263 Mw

515N 7
1.43W |

| o ‘\‘

Wy

il
W 3 K TW BN SO IR MW W P IE 2t
02/07/2016

Excess Attenuation, dB

— Q-Band.HW

[— aBand,cHiL
—— Q-Band,RAL

10000 20000 30000

40000 50000 60000 70000 80000

08 Fully connection
08 Fully connection
0.7
11 o
1(9) I Noise derived & 05
. ---Thresholds
o 8 04
27
g o o3 | —— Prediction 0 min in advance
= — — — Prediction 5 min in advance
S 511 02 Prediction 20 min in advance
5 4 01 -x= Pred}ctfon 45 minin advance
z 3t , ‘ —¢— Prediction 60 mJn in advance
2 0 0.2 04 06 08 1
1 Absolute error of signal excess attenuation, M, dB
0 ' . . !
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Days (July) Machine learning approaches for channel

Passive radiometric data collection

state prediction

a0

00


http://www.esa.int/Our_Activities/Telecommunications_Integrated_Applications/Alphasat/Aldo_Paraboni_Q_V_Band_Payload

HERIOT S ' '
WAL T Site diversity

b

Alphasalt (ASI)
s
PA Q/V BAND EARTH SEGMENT A i
N LINK FOR FUTURE HIGH g ol e
Gy THROUGHBUT SPACE SYSTEMS T / AERONAUTICAL
. h . TERMINAL
https://www.qvlift.eu/ Vi N R
W Antenna
_ Mobility terminal
/ Earth Station 1 'II"-,I .
. I' \\ RF front-end

Al
/ Earth Station 2

N

5 : —w
@ommic. . N,

Innovating with
1110 >Cal

RF front-end

BBy
\‘ s 7‘/"" STERTFISE Gm’zrrsy k

h 4
Gateway Management System
I
EXISTING ASSET PROJECT DEVELOPMENT

T

@P ‘fj eutelsat

b- éﬁ-uah\
ERZIA mbi® =+

HERIOT : o -
GWATT Mobile Gateway

CINILLE 2



https://www.qvlift.eu/

HERIOT | ; -

National Instruments DA(

Pc _su l National Instruments DAQ

saron |

Power Supply ‘

UNIVERSITY +sv [Jowo 20 [ S

(e 7"%\“
| Generator
U
DUT (oo | v (o
[Us8 Power B
Sensor
Other Receiver
Device

Attenuation (dB)

Index Number

=—Desired

——Emulated

RF Vector Signal Generator Driver T
Variahle
Attenuator

Time (24h)

Channel emulation

2 %
IF-to-IF testbed 3 E
5 : 8
o
- =& o
o] 7 . S
g - 2 . g
16-APSK _a ; | %
1.E-01 o Ce 16-APSKys Q" 29 2 |-e-+=0.25: min BER g
213 e i3 G ~+-~=035: min BER -
i t 145} i | | - t | b § et R R &
T 5 3 s e
1.E-02 - g% 102 ) oo 5
+ b ! 56 L s,
[ o | S 4
T 1.E-03 | | |
3 — F 5 £
5 : = i o ;
2 @ .
g 1E04 i 10
2
:;:.' 1.E-05 i}
1.E-06 106
[ + + T T T T i T T T T 1
1E07 | N A S O N A
: ' i 8 85 9 95 10 105 11 11.5 12 12.5 13 135 14
s 9 10 11 12 13 14

Es/No (dB) Es/No (d8) Joint IBO and MODCOD
Standard implementation optimisation



X )
Y/ UNIVERSITY

Satcom in 6G

s ™
NT-Edge Computing Multi-layered NT-Segment
= GEO nodes
N _ e _ M o
w, 4 K
'Y ‘g
4 ~ %
v "l , ~
\ ~
- N o e
'|. = ="' oV A= ——— - - -
&
satellite swarm *~.. HAPsfleet c,j‘
ool - &
DL + F
\_ ~ ) /
S ~
&= E
s - ..
=) +*
éﬁ £ e
o -gl . - e ..
-
@ e . . t’ . & Rescue & Emergency
s D o (critical AN
Lo ~ -~ communications)
et e
loT networks D e eMBB services |
(low powered devices) . Backhauling Broadcasting
eMBB services (X-hauling) & Broadband
g’;‘:;';"nd Edge/Regional cloud(s) Edge/Regional Cloud(s)
q = Cell sites P*_’ ¢ * Y "“*“'
Ground segment =
(Access Network & Control) Terrestrial Access Network -
g
®
Beyond 5G Core Network §
Regional/Central Cloud(s) ﬁﬁ‘.
53
=3
. S
Data networks, Service Platforms Other Terrestrial/ §

Internet

Satellite Operator Networks

s User link
e Passive technologies
e Active technologies
* System context



2

HERIOT -
SFATT Passwe antenna technol.

UNIVERSITY

High efficiency
feeds in CNC and
Additive
Manufacturing

reflector. reflector

2 \ d \
=2 4
P1xpo subreflector 3 \
screent® | > : o
. . ) screen2 = 1 ;'::; — . : j
Multibeam SFPB: polarisation P2 = .
feeds

and frequency diplexing

Realized Gain and Aperture Efficiency of the Dual-polarized 4-Accesses Square Aperture Antenna Feed

21 T T T T T T T 97

_1ws -94§

=HED 191 %

5195 88 g

2 19 ’SSE

Reconfigurable reflectarrays gres —Realzed Gain Port 1 @meas) =g
. g B — Realized Gain Port 1 (HFSS) 17

based on actuated flexible 175 [ Aperuee Effcncy Port | (e 1o B

‘ 17 ' : ' - - : 73
A”-meta|Gutman|ens membranes 105 1075 11 1125 115 IL7S 12 1225 125 1275 13

Frequency |GHz]



HERIOT - -
syt Active antenna technologies

:ss!am
\__J
UNIVERSITY

%/

Element 1
Portl Port2 Port3 Portd
signal
Signal ’—j:b S N EES A
10 - th B generator Isolator 1 :
* Up 1o 9™ order N51838 Coupler 1 Coupler 2 ‘ Coupling
* Measurements /
ol A Mini-Circuit »
Synchronization ZX60-VE3+ Element 2
10MHz PortS Port6 Port 7 Port8
-10
= signal
E Signal TR I\ ZRES
S 20t enerator Isolator 2
= -20 &
5 N51828 Coupler 3 Coupler &
H Mini-Circuit
a -20r 2XB0-V63+
-40 0 T T T
-50

'
(9}
T
I

-60
2.4997 24998 24999 25 2.5001 2.5002 2.5003
Frequency (GHz)

Z[A)= Elay by f1 (usp)

| Wit = Z,[Alcos(uwt+)
+Z[AJsin(ust+)

Reflection Coefficient (dB)
>

(1) | F—w(n) J —
X(1) = Acos(ut+9) -15 | S i
P8
zjAl Ny
ZJA) XLey by (asp) Element 1. I'

. -20 -15 -10 -5 0
Behavioural models Power of S, (dBm)

Load-pull effects due to mutual
coupling in active arrays

109 : Low complexity pre-distortion 100
. % * 3 N Y. With pre-distortion
° P 1 * ok ‘ * ¥ = .
[ —~—Ghorbani 180=20dB * * * * —+— Ghorbani 1B0=20dB
{ = & —Measured IBO=20dB 05 05 — © —Measured IBO=20dB
& . 4| ——Ghorbani BO=10dB | * * ¥ * * * & . 4 | —+— Ghorbani 1BO=10dB
& 107 {_ o —Measured 180=10d8 b 0 Fk 8 107 I— & — Measured 1B0=10dB =
| —+— Ghorbani IBO=8d8 * * % * 5 * % i || —%— Ghorbani 1BO=8dB g
i — © —Measured IBO=8dB 05 05 = © —Measured 1BO=8dB
{| —*— Ghorbani 1BO=5dB - {{ —— Ghorbani IBO=5dB
10°6 = © —Measured IBO=5d8 * * * * 6 | — & — Measured IBO=5d8 -
 —+— Ghorbani 1BO=2dB > - * - B e Ghorbani 1BO=2d8
| —e—Ghorbani 1802008 y . : s | Groroan BOMD.
B:—O-M_eqsuredlBO=0dB NO pre_d|st0 rt|0n 45 1 05 o 05 1 15 45 -1 05 0 05 1 15 i~ © —Measured 1BO=0dB
10° o ; ;
0 5 10 15 20 25 5 10 15 20 25

E,/N, (dB) E./N, (dB)



Sum rate (bps/Hz)

HERIOT
SEWATT

TWTA OMUX Antenna F

i Ao

Le

D-d)
“ 1% < %

<

[

> <

B

<

<

1
‘ @ Bent pipe
A AA $8H

0.8 A Steering with hybrid BFN

Matching ratio

o

o

°

[ X}
t{} ;

o 3°
o

NS benchmarking

A A
0.4 0:»‘
we 24 4
0.2 [ 2 P LA
(N W
. . '
0 2 - 6 8 1
150 @ CDRA matched filter
# CDRA beamforming + precoding
*SDRAmmdtsdﬁnar
A SDRA g + P g
10
A
¢
- ‘!e a
0 0.5 1 15

Non uniformity of user distributions

Sum rate (bps/Hz)

Payload

with resource
allocation

Initakzation: ind a feasible configuration to
allocate time slots

Sethbit -0
TeT0

Wiodily ran@orly time STt 500
iy by
et
450
400
Nbit = Nbit+ 1
Compe oot § 3s0
3
Keep configuration with probabity: k-
e § 0
Ves £
g
3250
200
150
Return optimized time siot 100
Yo beams abocation 25

Sparse array

System context

A (degree)

ol
Capacity (Gbps)

200

g

35

|'1

! ””'"! i

phene P e

shifer
"\I'. Wavelrant ama
'\" Bwarn Centie
\ ‘Wineefrost spot
U Eeam within area
-"‘I eam
Digital sub Sy 1
beamforming
/precoding

AN
o

L |" I| Taylur 1apu of sub-
| | aq’a)is reduces

@" |f1r|]| jovea
e [t
M.

“"“’“ i dugres

Joint beamforming and precoding for

4 45 5 55 6
Non-uniformity

hybrid BFN direct radiating arrays

—&—Precod (ZF)  —%—MB (CFM) —E— MB (CFM) + Precod (MMSE)
—S—Precod (MF)  —%—MB(ZF) —E—MB (ZF) + Pracad (MMSE)

Pracod (MMSE) —%— MB (SWF) —=— MB (SWF) + Precod (MMSE)

1

. 0.9
with precoding Rapid coverage o8l
estimation £o7
206
(x600) £ 05
@
%0.4— =
600 R e s
;0.3:,‘ S I‘:ﬁ‘f‘f‘*f ‘__‘:—-*-4—_—1_—1._*:_—_-#
500 02 T
01F
400 A
L 4 . 0 1 1 1 1 1 1 1 1 1 1 I
o A 04 02 03 04 05 06 07 08 09 1 11 12
° 5 MNormalized Beam Distance [6:]
200 Tal
100 Total throughput using
Z .
i : precoding (Monte Carlo)

Number of users



HERIOT

Sy

(o

Va

JWAT'T

Y/ UNIVERSITY

Satcom in 6G

( N
NT-Edge Computing Multi-layered NT-Segment
= GEO nodes
N _ e _ M o
>, ” A
4
4 ~ %
\ e,
\ ~
oV «— L eV hd L S - ®le
Satellite swarm +., HAPs fleet c,j‘
Cows - &
oqe >
N b & J
S ~
o E AN
S g @

b
[

Rescue & Emergency
* (critical
communications)
eMBB services
Backhauling
(X-hauling)

Broadcasting
& Broadband

loT networks
(low powered devices)

eMBB services

Edge/Regional Cloud(s)

Ground  Edee/Regional cloud(s)

19 £ e o et

Terrestrial Access Network

Ground segment
(Access Network & Control)

Beyond 5G Core Network

Regional/Central Cloud(s)

Other Terrestrial/
Satellite Operator Networks

Data networks,
Internet

Service Platforms

ADAOUUI-RLBW :S)1Paid

** Nano-satellites
** User terminal



HERIOT

ﬁ%f
“.ﬁjm
s/

b

WAT'T

UNIVERSITY

LEO

Measured Directivity bi]

e 1U deployable
k5 o Ka-band
xpol ¢ = 90"
e e reflector
i

Frequency / GHz

(@)

Gain - Axial Raito

23

®)

Ka-band CP antenna element

7.5
6
% 45 t
2 W X0
15 %
0
74 76

Realized Gain [dB]

Ka-band SIW

antenna

10 90

g = — S U L
i , \ ! s
2 ! ! 607
or N 50 2
2F g 5 = 405
4 _|== Simulated Realized Gain| | 1 &
b7 |— Measured Realized Gain | | 305
3 | Simulated Efficiency 20

0

Miniaturised
Yagi antenna
for solar panel
integration

Realised Gain (dBi)

ol 10
22 225 23 235 24 245 25 255 26

Frequency [GHz]

Solar
module

End-fire
radiation
Deployed PicoSat Unicorn2 from Alba Orbital

515 s
. l _ \—4!8mm—\1
== Fur i

-2|— Simulated Mini. Yagi-Uda
- Simulated Non-mini. Yagi-Uda Same [
--=-= Simulated Mini. Yagi-Uda on Satelite
— Miniaturised Yagi-Uda

- - - Simulated Non-mini. Yagi-Uda o

2

22 24 26 28 3
Freguency (GHz)



HERIOT
EWATT

Ele )
g/
UNIVERSITY

Sliding
pieces

pressure screws

User terminal

Lens-based
scanning
antenna

Waveguide
scanning
v antenna

Scanning Angle Vs Frequency

Scanning Angle (deg)
o

(©)

= #Backward Scan Simulation
= Backward Scan remy
| ot Scarimtion 30 30
=—Forward Scan Measurements —_ 20 - —_ 20
[==] [==]
= =
= 10 = 10
= =
[ 0+ 5 0
i L i i L i 1 = -107 | n = _10
198 1985 199 1995 20 2005 201 2015 202 Pafit 4 ! ¥ ‘\\(
Freauency (GHz) -20 i all L —20 Leadi 1 1 i 1
-90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90
O (deg) O (deg)
(a) (b)

THALES

Inmarsat
Iridium
L0
— Survey and
deployment
L-band: 2 Inmarsat antennas Capa b|||ty

1 Iridium antenna

Ka-Band kit: Dawson

ﬁm 4 MNOs




HERIOT

—H E5)|
B
ST
N\ \g

WATT Some concluding remarks

UNIVERSITY

» Rapid developments within the past decade from broadcast to
broadband: shaped coverage -> passive antennas -> to active antennas

** Feeder link shifting to higher mm-wave and eventually optical bands
** Reducing the per-bit cost: flexibility & capacity

** Digital on-board processing emerges as the payload bottleneck

** Payload development increasingly within system context

** New Space drives rapid developments, very short time scales, higher

acceptance of failure, ...

» Flat panel terminal for broadband connectivity on the move at low
prices remains a bottleneck



HERIOT
@WAll Acknowledgments

UNIVERSITY

* VHF antenna review for cubesats ESA-SATENX 4000127115/19/NL/FE

* Broadband flat panel antennas for reliable satellite on-the-move communications, Scottish Enterprise High
Growth Spinout Programme

* Efficient estimation of antenna performance in multiple beam satellite systems ESA-SATENX
4000127115/19/NL/FE

* Directive PocketQube Satellite Antenna Integrated on a Solar Panel ESA — ITI 4000124905/18/NL/CRS

* Passive RF Electronics For High Power Payloads ESA - ITI 4000124877/18/NL/CRS Optimising resources in future
heterogeneous mm-wave communication systems EPSRC EP/P025129/1

* REVOLVE: Managing the Radio Link in the Evolving Space Ecosystem H2020-MSCA-ITN-2016, Grant 722840

* CSA-EU: Highly Disruptive and Compact Antenna Systems for Small Satellites with Application to Surveillance,
Environmental and Crop-Growth Analysis, Enabling European Union Dominance in the Space Industry H2020-
MSCA-IF-2015 Grant 709372

* QV_LIFT: Q/V Band Earth Segment Link For Future High Throughput Space Systems H2020-Space-COMPET-2016
Grant 730104

* Dual-Band Polarising Surfaces for Single Feed per Beam Broadband Antennas ESA TRP 4000118901/17/NL/AF

* W-Band Technology Developments Towards First Beacon-Based Propagation Campaign ESA TRP
4000118502/16/NL/HK/hh

* 2016 Microwave filters with improved power handling capabilities for satellite applications

* AMC/Metamaterial Antennas For Broadband Connectivity ESA TRP 4000112870/14/NL/MH

* Circular Polarisation Dual-Optics Proof-of-Concept, ESA TRP 4000107415/12/NL/MH

* Low Loss Dual Polarised Frequency Selective Surfaces in Ku and Ka Band, ESA ARTES 5.1 4000107415



HERIOT

= WATT References

UNIVERSITY

2021

V. Gémez-Guillamén Buendia, S. Liberto, G. Goussetis, N.J.G. Fonseca, “Review of Antenna Technologies for VHF Data Exchange Systems,”
International Journal of Satellite Communications and Networks, in press

M.V. Kuznetcov, S.K. Podilchak, M. Poveda-Garcia, P. Hilario, C.A. Alistarh, G Goussetis, J.L. Gomez-Tornero, “Planar Dual-Frequency SIW Leaky-
Wave Antenna with Broadside Radiation for CubeSat Applications,” IEEE Antennas and Wireless Propagation Letters, in press

T. Stroeber, S. Tubau, E. Girard, H. Legay, G. Goussetis, M. Ettorre, “Shaped Parallel-Plate Lens for Mechanical Wide-Angle Beam Steering,” IEEE
Transactions Antennas and Propagation, DOI 10.1109/TAP.2021.3090789

F. Vidal, H. Legay, G. Goussetis, A. Segneri, “A System Approach to enable Digital Beamforming with Direct Radiating Arrays: the joint use of
Precoding and Sparse Arrays,” International Journal of Satellite Communications and Networks, https://doi.org/10.1002/sat.1412

D.R. Prado, J.A Lopez-Fernandez, M. Arrebola, G. Goussetis, “On the Use of the Angle of Incidence in Support Vector Regression Surrogate
Models for Practical Reflectarray Design,” IEEE Transactions Antennas Propagation, Vol. 69, No. 3, pp. 1787-1792, March 2021

O. Kodheli, E. Lagunas, N. Maturo, S.K. Sharma, B. Shankar, J.F. Mendoza Montoya, J.C. Merlano Duncan, D. Spano, S. Chatzinotas, S. Kisseleff, J.
Querol, L. Lei, T.X. Vu, G. Goussetis, "Satellite Communications in the New Space Era: A Survey and Future Challenges", IEEE Communications
Surveys & Tutorials, Vol. 23, No. 1, pp. 70-109, 2021

S. Mercader-Pellicer, W. Tang, D. Bresciani, H. Legay, N.J.G. Fonseca, G. Goussetis, “Angularly Stable Linear-to-Circular Polarizing Reflectors for
Multiple Beam Antennas,” IEEE Transactions Antennas and Propagation, Vol. 68, No. 8, pp. 4380-4389, August 2021, 10.1109/TAP.2020.3048494

2020

F. Vidal, H. Legay, G. Goussetis, M. Garcia Vigueras, S. Tubau, J.-D. Gayrard,” A Methodology to Benchmark Flexible Payload Architecturesin a
Megaconstellation Use-case,” International Journal of Satellite Communications and Networking, https://doi.org/10.1002/sat.1344

P. Bantavis, C. Garcia Gonzalez, R. Sauleau, G. Goussetis, S. Tubau, H. Legay, “A broadband graded index Gutman lens with wide field of view
utilizing artificial dielectrics — A design methodology,” Optics Express, Vol. 28, Issue 10, pp. 14648-14661, October 2020

L. Bai, Q. Xu, S. Wu, S. Ventouras, G. Goussetis, “A Novel Atmosphere-informed Data-driven Predictive Channel Modeling for B5G/6G Satellite-
terrestrial Wireless Communication Systems at Q-band,” IEEE Transactions Vehicular Technology, Vol. 69, No. 12, pp. 14225-14237, Dec 2020
A. Costouri, J. Nessel, G. Goussetis, “Validation of a Digital Noise Power Integration Technique for Radiometric Clear Sky Attenuation Estimation
at Q-Band,” IEEE Transactions Antennas and Propagation, Vol. 68, No. 9, pp. 6743-6751, Sept 2020

D. Rodriguez Prado, M. Arrebola, M. Pino, G. Goussetis, “Contoured-Beam Dual-Band Dual-Linear Polarized Reflectarray Design Using a Multi-
Objective Multi-Stage Optimization,” IEEE Antennas and Propagation, Vol. 68, No. 11, pp. 7682-7687, November 2020

D.R. Prado, M. Arrebola, M.R. Pino, G. Goussetis, “Broadband Reflectarray with High Polarization Purity for 4K and 8K UHDTV DVB-S2,” IEEE
Access, Vol. 8, June 2020, pp. 100712-100720, 10.1109/ACCESS.2020.2999112



HERIOT
B WATT References

UNIVERSITY

2019

* L. Bai, C.-X. Wang, Q. Xu, S. Ventouras, G. Goussetis, “Channel Modeling for Satellite Communication Channels at Q-Band in High Latitude,” IEEE
Access, Vol. 7, No. 1, pp. 137691-137703, December 2019

* @G. Salza, G. Goussetis, C. Vicente, S. Kosmopoulos, M. Reglero, M. Taroncher, V.E. Boria, N. Sidiropoulos, J. Galdeano, “Helical Resonator Filters with
Improved Multipactor Performance Exploiting Rigorous Modeling and the Large Gap Approach,” IET Microwave Antennas and Propagation, Vol. 13,
No. 10, pp. 1756-1759, 2019

* L.Bai, C.-X. Wang, Q. Xu, S. Ventouras, G. Goussetis, “Prediction of Channel Excess Attenuation for Satellite Communication Systems at Q-band Using
Artificial Neural Network,” IEEE Antennas and Wireless Propagation Letters, Vol. 18, No. 11, pp. 2235-2239, Nov. 2019

* D. Rodriguez Prado, J. Alberto Lopez Fernandez, M. Arrebola, M. Rodriguez-Pino, G. Goussetis, “Wideband Shaped-Beam Reflectarray Design Using
Support Vector Regression Analysis,” IEEE Antennas and Wireless Propagation Letters, Vol. 18, No. 11, pp. 2287-2291, Nov. 2019

* S.Ventouras, R. Reeves, E. Rumi, F.P. Fontan, F. Machado, V. Pastoriza; A.Rocha, S. Mota, F. Jorge;A.D. Panagopoulos, A.Z. Papafragkakis,
C.l.Kourogiorgas; O. Fiser, V. Pek5, P. Pesice, M. Grabner;A. Vilhar, A. Kelmendi, A. Hrovat; D. Vanhoenacker-Janvier, L. Quibus; G.Goussetis; A.
Coutsouris, J. Nessel; A. Martellucci, “Assessment of spatial and temporal properties of Ka/Q band earth-space radio channel across Europe using
ALPHASAT TDPS5,” International Journal of Satellite Communications and Networking, DOI:10.1002/sat.1313

* M.J. Canavate Sanchez, A. Segneri, S. Kosmopoulos, Q. Zhu, T. Tsiftsis, A. Georgiadis, G. Goussetis, “Novel Data Pre-distorter for APSK Signals in Solid-
State Power Amplifiers,” IEEE Transactions Circuits and Systems I, Vol. 66, No.10, pp. 4044-4054, Oct 2019

* S. Mercader Pellicer, G. Goussetis, G.M. Medero, H. Legay, D. Bresciani, N.J.G. Fonseca, “Cross-Polarization Reduction of Linear-to-Circular Polarizing
Reflective Surfaces,” IEEE Antennas and Wireless Propagation Letters, Vol. 18, No. 7, pp. 1527-1531, July 2019

* D.R. Prado, J.A. Lopez Fernandez, M. Arrebola, G. Goussetis, “Support Vector Regression to Accelerate Design and Crosspolar Optimization of Shaped-
Beam Reflectarray Antennas for Space Applications,” IEEE Transactions Antennas and Propagation, Vol. 67, No. 3, pp. 1659-1668, March 2019

2018

* M. Zemba, J. Nessel, C. Riva, L. Luini, G. Goussetis, “NASA’s Alphasat Propagation Terminals: Milan, Italy and Edinburgh, Scotland,” International
Journal of Satellite Communications and Networking, DOI: 10.1002/sat.1296

* D.R. Prado, J.A. Lopez Fernandez, M. Arrebola, M.R. Pino, G. Goussetis, “General Framework for the Efficient Optimization of Reflectarray Antennas
for Contoured Beam Space Applications,” IEEE Access, Vol. 6, No. 1, pp. 72295-72310, December 2018

2017

* W. Tang, G. Goussetis, N.J.G. Fonseca, H. Legay, E. Sdenz, P. de Maagt, “Coupled Split-Ring Resonator Circular Polarization Selective Surface,” IEEE
Transactions Antennas and Propagation, Vol. 65, No. 9, pp. 4664-4675, 2017

* W. Tang, G. Goussetis, H. Legay, N.J.G. Fonseca, “Low-Profile Miniature Dual-Band Polarizing Surface Operation in Orthogonal Polarizations for
Broadband Satellite Applications,” IEEE Transactions Antennas and Propagation, Vol. 65, No. 3, pp. 1472-1477, March 2017

* J. A. Garcia-Perez, S. Kosmopoulos, G. Goussetis, “A Compact 12-Way Slotted Waveguide Power Combiner for Ka-band Applications,” IEEE Microwave
Components Letters, Vol. 27, No. 2, pp. 135-137, February 2017



