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ABSTRACT

This paper designs and presents the results of an air network simulation radio transmission link applied with a
multi-beam active phase array antenna simulator in a testbed system for verifying an air network currently underway as
a technology development task. Using the Ku band, the Radio transmission link was designed in consideration of the link
budget to satisfy the requirements for the system being developed. Considering short-distance links and long-distance
links, the required EIRP and G/T performance scales of multi-beam repeaters and mission planes were applied to confirm
the minimum and maximum link margins based on Eb/No. In this Radio Transmission Link design, the application
analysis results such as rainfall availability are used to effectively establish standards when selecting the operating radius
of the multi-beam relay system and related system standards.

FIHME : g2 w3, 9= b3, EIRP, G/T
Key word : Link budget, Link margin, EIRP, G/T

Received 7 October 2021, Revised 22 October 2021, Accepted 28 October 2021
* Corresponding Author Jong-Taek Youn(E-mail:jtyoun37@lignex1.com, Tel:+82-31-8026-4565)
Ph.D., C4I Research Institute, LIG Nex1 Co.,Ltd, Seongnam, 13488 Korea

http://doi.org/10.6109/jkiice.2021.25.11.1574 print ISSN: 2234-4772 online ISSN: 2288-4165

€9 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



P A 2" oA P2 WAL FATT A=
Al Q) A oz 2

A AE Bgg A| A 0] 7 A 50] QL A%
& BT 27} Qi whebd BE wieblE e A

4 WEE A3 Ao) Fast] 229
T 2004 7H A3kt SAYEE o
%—’T—% 12k & 4= Qe 1] 83 WA As
23 W leFe g w02 U= AF
+ ]EIRP“,%‘Z‘ER—L o] upA-L AAksk
’8} %ELOM C/No % Eb/No 5-2] u}xl-g £x 4@;} 2
AUt 5 UIEY HSE B AEHEE Ro7]E
{35to] T B-% Xl g ety 28-S 9%t 25
YEQAE Kol A AF3lar 28 7|4 o] &
st=d] 2o ik

i =RoAE F5FA7IC Tt

it

¢

1’ o>" OI
oo Hr A

O
y

ml

AOMERE:

H 35 UESY=A /\]/\E“«] 28 FIeAS A3 9
3t P AEHES 25170 U4 71EFH AL o=

—3}7] _?_]7:51-/%]‘—1:'&-] jui} J:::_/\ 315'_4 H 20 /\—aﬂ ]-93\1:}

Hmely] 22l wopr| Ao 5

sto] Hzo] A5 Hfg o

S Ul o1/ 1 544
Aol A LG YT L om LERE DI
20l that Al o] FRFCH2). ThebA, B et
A 7k 591 mel7] 982 913k dlolel H At
ol FASH= RF 541 A2gle] 41 93 M3le 5
so] HAlstela 1 AnkE AlAlHch

£ 0] P ST e DO 35 s
92 A% HlaEn s A2EY A WeS 71&ste
of. Mol RF A% 523 47 he-2 7145}
TV AR wick

2= Y EYT AHS HAEHE A|AH

3% UEYL AFS T HAEHE A28 28
o 13 13 grol kg HE S AtE L] FA%
Hl, QFgE] moly), ApAe] mel7], mely| 5 U
YESIS 575 A28 .02 o Roj it

fl

QLS {5t E| AEH| = It Radio M&ZT MA|

Ag7dn] mez|er FAPGH] o7l A e
& L1 YA FAshe, FAgN mol7)e} o sy
Ro|= ZAE 8% 4:1 g aE JAJ3It)

AP Heof7|e} QlFgu] Bo] Afol= R
B w72 1744 5 47 9] Sal/aAl A o] S
o, SAEHE] Heof7|eh 28] ®el7] Atol= 1744
SA%A A o] ATt

AHgEIE B4 F3Hel Ko By AlS
A% WS AHg-.

FAA B Y Fe2 S| FA%
H] 29]7]9] Qg et A %—741% Saysiu]

A4 Qe AT Qe Fel 2 g
o) mepr)e FEL vjashe nolv e w}sm o
woll A FEl = 85w, SAEE] 2o)7]ef 178
QHElUE st R4S saieet. 2137 2o
= AP Heof7]o) A8 SHEUE ekl A
O R NE 8T LoVl T R HEYA ds
AT A" Adgn] molr|eh Ao R ddEof

/374 el Rt ohdEt SAE] 1)), A
8] 2o E E Ao e 24 7le = AT
&% HEHNA A5 HAEHEE Ku e 74 A
RS Zw UIERIA ol Fd= mIA[A] it
HIAEWES lgu] Wl g auba o Ao gl

O

l
of

B
O
O

k

A S1H el Aol ZHA] 0.2 LTERS ALS
ey
Multi-beam Active Phased o Mission Equipment
Array Antenna ot 50 W Simulator®
N:1Link _—" 2 —

t 2 km — “about m
_about 2 about 70 km i on Equipment
Q . Simulator@
Mission Equipment *5/ High Capaclty Relay
Simulator@® ~/ Multi-beam Relay Link

3 /Equipment Simulator

\Ou

Simulator Integration and
Performance Verification System

b,

— Ground

Mission Equipment Simulator@ Equipment Simulator
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link verification considering multi-beam based on public
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Fig. 2 Free space loss by frequency according to distance
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Fig. 3 Rain attenuation obtained by Rec. ITU-R
P.618.8[5] and Crane model in Seoul[7,8]

Table. 1 Comparison between terrestrial and air
communication

LIS sSolaui

Terrestrial . L
Parameters . Air communication|
communication
Frequency C-, Ku-, Ka-band | C-, Ku-, Ka-band
The higher the The higher the
Atmosphere loss frequency, the | frequency, the higher,
higher Relatively higher
Rainfall attenuation | Relatively smaller Hl.gh (ghanges
with rain rate)
Noise temperature loss Negligible High
Long | Free Space Loss Same Same
term
fading| Shadowing Possible to occur Negligible
Slow | Possible to occur | Possible to occur
Dopple - -
Short Fast | Possible to occur | Possible to occur
term | Flat | Relatively higher Negligible
fading | Multi- v
Path req. . . .
selective Relatively higher Negligible
Rician fading High Negligible
The higher the The higher the
Antenna diameter frequency, the frequency, the
smaller smaller
Frequency bandwidth Relatively less Regular
effect
System effect Regular/Complex | Regular/Complex
Fade Margin Relatively higher | Relatively smaller
Auvailability High Relatively less
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Table. 2 The parameters from the multi-beam relay to
the mission
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IEbA): Fupse oo ot duK 12
20 A: FA H =2 w7 W A Table. 3 The parameters from the mission to the multi-
3THA: =417] GIT 274 beam relay
44 F 3 CO/NS Flstr] g 22 A 244 Parameters
5cHA: g3 A8 2 83 O/N AL w3 24 EIRP dBW 22
6uHA: At 27 W W2 A8 4. o aBIK 7
TEHA: Eb/No AAH ot ot e Aetar o o
8“:_]'7—'” E]_H_D}-X] éxo 7‘]E'4 =2 06;) ‘8——‘—’5 "11'_‘*101'0:] OH—ZU}%_]ZEHW] EH;
1o W om HANAE At cha sty 2 O TR Al E D S SIS
g g VA BT S neid A7 o g gelsknt
o SA7ISE AR SAl TEseE 2
EIRPS} G/T+ 3% 29} 3% 33} o] =& 5t} Table. 4 The parameter of the simulation
ofe] A|YZH Z7Ael Folv|7te] BAl Al 5% Parameters Set/Value
© 2 7VASIa AFE Fuls 15GHzZE Tefn|gE A Radio transmission method Frequency Division Duplex
Astol w4, AASET. & 41 AEH )4 Theful Froquency Ku Band
= Uepdinh Link Distance(D) 1/2/50/70/110 Km
Path Loss(dB) 116.0/122/150/153/157
Table. 5 Link budget from the multi-beam relay to the mission
Parameters Distance(Km) 1 2 50 70 110
unit
Frequency MHz Kuband | Kuband | Kuband | Kuband | Kuband
Transmit Antenna Gain dBi 18 18 18 18 18
RADOME LOSS dB - - - - -
RRF+R/J+INTERNAL CABLE LOSS dB 2.0 2.0 2.0 2.0 2.0
TRANSMIT LINE LOSS dB 0.77 0.77 0.77 0.77 0.77
Data Rate Mbps 16 16 16 16 16
Modulation Type - 8PSK 8PSK 8PSK 8PSK 8PSK
Code Rate - 3/4 3/4 3/4 3/4 3/4
Occupancy Factor - 1.25 1.25 1.25 1.25 1.25
Required Eb/No (FER=10"-2) dB 8.4 8.4 8.4 8.4 8.4
EIRP
Radiated Power per Carrier 3W HPA, 1dBBack-offy | dBW | 1900 [ 1900 | 1900 [ 19.00 | 19.00
Path Loss
Path Loss (Free) [ dB | 11616 | 12218 | 150.14 | 153.06 | 156.99
Downlink S/N
Received Power dBW -97.16 -103.18 | -131.14 | -134.06 | -137.99
Receive G/T dB/K -7.00 -7.00 -7.00 -7.00 -7.00
Boltzmans Constant dBW/K*Hz -228.60 | -228.60 | -228.60 | -228.60 | -228.60
Antenna Pointing Margin dB 1.00 1.00 1.00 1.00 1.00
Downlink C/No dB*Hz 123.44 117.42 89.46 86.54 82.61
Downlink Eb/No dB 51.40 45.38 17.42 14.50 10.57
Link Margin
Link Margin { dB [ 4300 [ 3698 [ 9.02 6.10 2.17
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Table. 6 Link budget from the mission to the multi-beam relay

Distance(Km)
Parameters . 1 2 50 70 110
unit
Frequency MHz Kuband | Kuband | Kuband | Kuband | Ku band
Transmit Antenna Gain dBi 26.00 26.00 26.00 26.00 26.00
RADOME LOSS dB 1.00 1.00 1.00 1.00 1.00
RRF+R/J+INTERNAL CABLE LOSS dB 5.00 5.00 5.00 5.00 5.00
TRANSMIT LINE LOSS dB 1.77 1.77 1.77 1.77 1.77
Data Rate Mbps 16 16 16 16 16
Modulation Type - 8PSK 8PSK 8PSK 8PSK 8PSK
Code Rate - 3/4 3/4 3/4 3/4 3/4
Occupancy Factor - 1.25 1.25 1.25 1.25 1.25
Required Eb/No (FER=10"-2) dB 8.4 8.4 8.4 8.4 8.4
EIRP
Radiated Power per Carrier (3W HPA, 1dB Back-off) |  dBW | 2200 | 2200 | 2200 [ 2200 | 22.00
Path Loss
Path Loss (Free) \ dB | 11616 | 12218 | 150.14 [ 153.06 | 156.99
Downlink S/N
Received Power dBW -94.16 -100.18 | -128.14 | -131.06 | -134.99
Receive G/T dB/K -12.00 -12.00 -12.00 -12.00 -12.00
Boltzmans Constant dBW/K*Hz -228.60 | -228.60 | -228.60 | -228.60 | -228.60
Antenna Pointing Margin dB 1.00 1.00 1.00 1.00 1.00
Downlink C/No dB*Hz 121.44 115.42 87.46 84.54 80.61
Downlink Eb/No dB 49.40 43.38 15.42 12.50 8.57
Link Margin

Link Margin B | 4100 | 3498 [ 702 [ 410 | 07

Link Margin (dB)

Graph about Distance vs Link Margin
>

=== Multi-beam Realy > Mission Realy

1 2 50
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70 110

Fig. 4 Link margin analysis table by distance
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