R
}47&1,]*
R

gt o] FSL 93 &4
A 3], o] &4
EE N |

o a3 A+

xchoich@Kkari.re.kr, dhw@Xkari.re kr, koreagnss@Kkari.re.kr

A Study on Effects of Free Space Loss in LEO PNT

Chulhee Choi*, Dachee Won, Eunsung Lee

Korea Aerospace Research Institute

8 o

7] GNSS(Global Navigation Satellite System)& HeHstAY tiAlsl7] 918 LEO-PNT(Low Earth Orbit-Positioning,

Navigation and Timing) ¥#& A7 2 7lwe] 9o A ghis] Hgs
a5o Y3t} LEO 91442 MEO 14 djy] 4
Aol olon Hrd BAl 259} Agslo] PNT Au| 22 18 &
Avp £4E AR w2y olFshe PR A3 mEY WA Byl

-85, MEO(Medium Earth Orbit) 9143 ¢F 20,000km<]
NE Aert =3 59 AR o] Bl
AR TRAAIREO] E7) Wil

ATk LEO 9143 200~2,000km AFo] 9] v | Zoll A
% 157} s} 54
sle}. o,

i EEdAE

LEO-PNT #7349 Ay} 544 LM—a—}m_ A5 AAA asfor & FA WA A4S $13 FSL(Free Space Loss)9] ME ¥ &4

S Aot} w3k LEO YAS o] &3 3

I.4 &2

71E9] GPS, Galileo, BeiDou, GLONASS %9 GNSS(Global
Navigation Satellite System) 7]¥F PNT(Positioning, Navigation and
Timing) AMH| 2= 2 o %%’ Ak & thokel Holo| A Al Q] ofslke.
ek slek ST 2¥ 9, AW 5 Al S7Hel @, LEOLow
Earth Orbit) 914d¢] 11&8, AR A 54 &83l9 7]E GNSSE B¢
st diAlshs Qb #dd AL ol LEO PNT=
MEO(Medium Earth Orbit) 913 tj¥] Hzp &Ae] Ak wh o<
B e A% nER Qs A5 AEsh 4 54l A Waste
A53t Ayt Bdgo] L3 o]q_ FSL(Free Loss Space)& 9143 A&
N A ER P R
Sfoldliz, WelA, & =EAAE RO

nEAS EEs, G Bjg 24

A §2A17) e x} T2 An &8
aesfof sk =
74l A FSL Tﬁ% A F2 ,
& Fstant g ol 98] Aol Aot
WAshE FSL A3 548 7lesta, As 1%

A, =&Y g3 So] FSLel| PlAE %S 245k A

?&ﬁi

I 2
I-1. FSL ¥ 2 54
FSLL Ak S48 237kl 4 Az} Fatgo we) 2571 7

dehe @R 37, t7), ol&% T WA & W opz, Ayt

HIE FA WA °ﬂ‘—1X]7} BArE 7] wiol EAE) o3 du 54

= = gaz ey} o A

g A%5S AARsE £03 Q4R 75,“1‘6}\3} 7]-/\]’“(L1ne of-Sight)o]
- A (D3 Z22]

FSL(dB) =

10log 1)

47ra’f]2

W A2 AF A T aE, 97,

=EY 33 5 Gl o 24 AdE AT

24 (DolA de A% %
E(m/s) &
7] 7k R Ak, 914 ekl B SE, A17) ¢
Q45 F7H o7 nefsof @t &

2ol AR A% el 7
Fading Loss, Clutter Loss, EH ] 5, /o4

A A(m), f& 41 F34(Hz), = 29
ofm] gt F§L o] EA &4 %kz:?_, AA LEO 3H73 0 A
eI o5 F E}O*
T3 3GPP TR 3881104 X

2 ¢20] Free Space Loss, Shadow
Ao, A&

R £ 22 99 74 8 ool Bk A ol
?l'_*é QArES é—_;]}iﬂ:] FSLO] /‘]FL] }- 31].5,‘_0]] Eq"j’]' Og-@:‘%tﬂ'
= AS ST 4 AL

¥ 1. Large-Scale Path Loss of Satellite-Terrestrial [3]

Item Feature

e Separation distance and signal

Free Space Loss frequency

¢ (Geometric elevation angle, building

Shadow Fading Loss intensity, and signal frequency

o Geometric elevation angle and signal

Clutter Loss o
equency

e Flevation angle, altitude above sea
level, water vapor density (absolute
humidity), and signal frequency.

Atmospheric Attenuation

¢ Rapid fluctuations of the received
signal amplitude and phase
Tono/Trop Attenuation o Scintillations depend on location,
time-of-day, season, solar and
geomagnetic activity.

e Varies significantly depending on the

Building Penetration location within the building and the

construction details of the building
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Free Space Path Loss vs Frequency
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