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ARTICLE INFO ABSTRACT

Article History The rapid advancement of space technologies, alongside the growth of
the communications industry, has intensified competition within the
telecommunications sector—particularly in securing orbital points and
associated frequency allocations. Given the strategic importance of
geostationary orbit in global communications, national security, and
economic development, preserving orbital positions for potential future
use has become a critical priority for many nations. According to the
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Keywords regulations of the International Telecommunication Union (ITU),
Scientific payload frequency allocation in geostationary orbit is granted only if a space
Propagation parameters station capable of transmitting and receiving at the designated frequency,
CubeSat occupies the declared orbital location for a continuous period of 90 days.
Ka band, Ku band Consequently, the development and deployment of small satellites
Bringing into use equipped with telecommunications payloads have garnered significant

interest due to their reduced design and manufacturing timelines. As
emerging satellite communication services increasingly demand high-
speed broadband channels, congestion in lower frequency bands (below
Ku) has driven the shift toward higher bands such as Ku and Ka.
However, these bands are more susceptible to atmospheric disturbances.
While numerous models have been proposed to characterize these
effects, their validation requires robust, real-world measurements over
satellite propagation channels. This study presents the conceptual design
of a telecommunications payload suitable for integration into a CubeSat
platform. The payload is intended to evaluate propagation parameters in
the Ku and Ka frequency bands to support the preservation of an orbital
point in the geostationary orbit.
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Table 1. Payload requirements.

Parameter Value
Transmitter 10.7-12.7
Frequency (GHz) 18-21
Bandwidth (MHz) 500
Frequency Sweep 10
Step (MHz)

Maximum Measurable | 1% Scenario | Ku:27, Ka:29
rain Loss (dB/kHz) 2" Scenario | Ku:17, Ka:19
Orbit Height (Km) 36000

. 1* Scenario 20
Size -
2" Scenario 1U
Life Time 90 Day
Satellite Dimension 12U
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Fig. 1. Typical attenuation due to rain in Ka band [18].
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Temperature 24 24 | @
Rx Antenna Gain 52.6 57.82 dBi
G/T 28.6 33.82 dB/K
k -228.60 -228.60 dB
C/No 66.53 64.63 dBHz
Signal Bandwidth 1 1 kHz
Minimum C/N
Required 7 7 dB
Required C/N (1 kHz) 37 37 dB
Margin (1 Hz) 59.53 57.63 dB
Margin (1 kHz) 29.53 27.63 dB

2 ol plosl Gluwbre (sl y .l 00 plsl Y KHz 4 V Hz
Ku sl o VHz 0L (sl (slp 9 Slg ) slaodizwyd b sl 535l
ol g puSojll gl awsls OY dB dgus Ka il j> 403 dB g0
sloosiin 3 b pgd g2yl 53 0)13 3929 (592 lasidie 035 )b
e YU dB sgis a4y polie pl N Hz Wb sligy olon 9 lg </

Lol a8l el Ka ¢l oY dB 5 Ku

L‘)l?:) £90 %)l'm) leﬁ SCIEX AJM Ka 9 Ku J.llg gng A9 -y Jg»

Table 3. SCIEX Ku and Ka-band link budget for the second

scenario (0.1-Watt output power).

(g 1V (295

Wb L?"S" o)|9.mln L;\);_ ksl JUK L;le):.a‘)li u.“._vL AJM (PR Lf"l)b

SCIEX dlgome Ka g Ku (slasil (slacsiy) av4 lwlors

ol 05 LY 5 ¥ Jghs gollas i by (43,5 Jain

555l b s (lS 5 S5 JiSw (sl
dgesto jd ok pbul Gluwlre ulol p pised o
Slasbrs 55 eyl 5 il o Jalo ;3 TDPS liios
Lol 0 plosl YV KHZ ¢ Y Hz $5b (sl sl

d5290 S siPess b Bille alb 5w slagyil o
ol 43,5 s 3 V0 dBi il Ka g Ku kb 93 y» (dly
o]

i 3 Y dB il 551 (63559 9 ooy (295 o AU
Bl ¥ 5 ¥ sla S5 o, 5L Sl gollas a5 o azb S
Lol 00

3 SCIEX dgemxe o) syl (gl gyi0 0 o5l 9
a ool ooy oS il wals Ka g Ku slasl
Cuol OY dBi 4 Y dBi iy

lio o) )3 )lsale Coonsdy (a0l (g5,aL5 B
ol odb 48,5 L5 )3 <V sgs

3 10ll (o 3 5 pyiSams] clmolSins SIS ol
JiSes ol 385 (& 55051 )y EMC-STD-461G
AL FAB il 54 o 5l b JiSew cpl 0y S
o lgale iliios same Slusle 55 Cpizmad il
Cped & Cowl odd 48,5 L5 5 VAB e ol cunld]
dB j5 dllie ol 3 JuSew (2bjl sl p3¥ lade L1
b ad S Ly Y

dBK Jolee YO+ K &y 33l 43y (gl pitusss g5 slod

Cwl 005 035 gy yY¥

35) Jsl s2yties gl SCIEX dlsases Ka s Kut bl i) avdgy —F Joor
(g ) (295
Table 2. SCIEX Ku and Ka-band link budget for the first

scenario (1 watt output power).

()

Downlink Downlink
Link parameters 2™ Scenario | 2" Scenario | Unit
Ku Ka
Orbit height 36000 36000 km
Min. Elevation angle 40 40 deg
Max. slant range 37997 37997 km
Freq. downlink 11000 20000 MHz
Tx RF power -10 -10 dBW
Tx antenna gain 15 15 dBi
Tx EIRP 5 5 dBw
Free space loss (Ls) 204.87 210.07 dB
Pointing loss 0.82 2.72 dB
System noise 24 24 dBKk
temperature
Rx Antenna Gain 52.6 57.82 dBi
G/T 28.6 33.82 dB/K
k -228.60 -228.60 dB
C/No 56.53 54.63 dBHz
Signal Bandwidth 1 1 kHz
Minimum C/N
Required 7 7 dB
Required C/N (1 kHz) 37 37 dB
Margin (1 Hz) 49.53 47.63 dB
Margin (1 kHz) 19.53 17.63 dB
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&S ol opl Sl YKHZ 3L (slgg 0 Slg /Y (glrodiiws B (ly o

Downlink Downlink
Link parameters 1% Scenario | 1% Scenario Unit
Ku Ka

Orbit height 36000 36000 km
Min. Elevation angle 40 40 deg
Max. slant range 37997 37997 km
Freq. downlink 11000 20000 MHz
Tx RF power 0 0 dBW
Tx antenna gain 15 15 dBi
Tx EIRP 15 15 dBw

Free space loss (Ls) 204.87 210.07 dB
Pointing loss 0.82 2.72 dB
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Table 4. Comparison of two proposed payloads.

Parameter 1% Scenario 2" Scenario
Power Ku *C Ka Ku *C Ka
Consumption (W) | 12.9 3 13.5 4 3 4.6
Dimension (cm®) <20x10x10 <10x10x10
Mass (Kg) <2 <1.5
* The common section between two frequency bands
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Fig. 2. Block diagram of first scenario.
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Fig. 3. Block diagram of second scenario.
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Fig. 4. Ku-band satellite transmitter horn antenna.
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Table 6. Ku band selected satellite antenna specification.

Frequency (GHz) 10.7-11.7
Bandwidth (GHz) 1
Gain (dBi) 15-20
Beamwidth 15-30
Power (W) More than 2W
Input Aperture Coax or Waveguide
Mass (g) Less than 200
Dimension (cm?) Less than 10*10*2
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Gain (dBi)
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Frequency (GHz)

(B)

Beamwidth (above 3.0 dB below the peak level) 26.95°
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Fig. 6. Ka-band satellite transmitter horn antenna.
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Fig. 5. X-band satellite transmitter microstrip antenna.
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Table 5. Ku band satellite antennas specifications.

Antenna ngimurp Beamwidth Dimension” Mass
Type Gain (dBi) (mm?®) (2)
Horn 15 28 T1x53%62 1200

Microstrip 15-20 15-30 100x100x20 | <200
" Without holder and connections
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Table 9. Weight budget of SCIEX payload.

1t Scenario 2" Scenario
Parameter Dimension Mass Dimension Mass
(cm®) (& (cm®) (&
KaKu F ox10x10 | <2000 | <10x10x10 | <1500
Transmitter
Ku
<2x10x10 <200 <2x10x10 <200
Antenna
Ka <5x5%5 <200 | <5%5x5 <200
Antenna

KU Antenna

12U o gnls 3 bl bl —A JSi

Fig. 8. Antenna placement on 12U satellite.
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Fig. 9. Ku & Ka TX placement for the first scenario.
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Reflection coefficient (20log|])

18 185 19 195 20 205 21 215 22
Frequency (GHz)

Reflection coefficient (dB)

Maximum gain value

19.58 dBi
Beamwidth (above 3.0 dB below the peak level) 17.85° 1340°
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Fig. 7. Ka-band satellite transmitter microstrip antenna.
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Table 7. Ka band satellite antennas specifications.

Antenna Maximum | Beamwidth Dimension” Mass
Type Gain (dBi) (mm?®) ()
Horn 15 28 39x29x34 <100

Microstrip 15-20 15-30 50x50%50 <100
" Without holder and connections
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Table 8. Ka band satellite antenna requirements.

Frequency (GHz) 17-20
Bandwidth (GHz) 3
Gain (dBi) 15-20
Beamwidth 15-30
Power (W) More than 2W

Input Aperture
Mass (g)

Coax or Waveguide

Less than 200
5%5%*5

Dimension (cm?)
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