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ABSTRACT

Low Earth orbit (LEO) satellites, unlike terrestrial networks, are not constrained by geographical limitations
and have the advantage of providing data services to multiple regions. In multi-beam satellite communication
systems, efficient resource management of spectrum, power, and capacity is essential, highlighting the
importance of beam hopping (BH) technology. This paper proposes an Earth-fixed beam hopping algorithm
based on a deep Q-network (DQN) for a multi-beam LEO satellite scenario over the South Korea. The
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proposed algorithm is designed to optimize beam hopping by efficiently managing the satellite’s limited

capacity, accounting for channel conditions, and accommodating the random traffic distribution of ground cells.

Simulation results confirmed that the proposed algorithm improves the efficiency of satellite resources compared

to existing heuristic algorithms, offering enhanced performance in maximizing the handling of cell traffic within

South Korea.

.M 2
T EAl 7)%0] 6GE WAF | ulel, AR oz
Y& 31591 k300 ~ 2,000 kmellA] £5E= AAE

(low Earth orbit, LEO) $]Ad 237k 2 2|42 ql o
75/};]0]‘1]4—1: 7(}13% H].]%—__i i]-}:ﬂ—b‘]- oq:rLﬂ_ =] GuE] T
AUTH1L. ol2lgk AAE $EES 7 A Az %
R AR S Aoz AA S22 A
2o) 94 Fl%R FEa gl

A= YA s’ A AE Al T3 = SAd
942 A1) ] EEAS Zo|, A A &F
T A5Ee FEso} Aek ma, shde) 2oEw,

el

o

e, 2 Agle] AR A T8 Al P
& Sk 91 sl

Aol B3] vl vle
4] Wl 33 (beam hopping, BH) 7|48 Aghe z}519]
HA3E 918 B whles Sk qloi2). |
T3 7] S ARE AR 2 IRkl wie} X oR
ZAslo], Effjgo] 2EE x| SR St
owy B3 Edy x| o dgshe
ks ARk
#% <= (European Space Agency, ESA)2] &1
ol wt=H, Eutelsat Quantum™@} SES-173} 72 ZAl
B mxede] 7t 7w} TiXE £ e
AE B3l AR E AR T FFssl e
A PAeAE T ool dE A% shel
(multi-agent deep reinforcement learning, MADRL)
7IREe] )l 59 2AER] Z1ell Hidh A7) AlsE s
Ae. FedahA] oFar FAIQl B 4ol Hg3l]
13 AAAE S v W 5 7S 28sle] &E
Al 2R &) 4 714 A4S 43 n:—s]. A=
Ad g=fF RS 7o R 7} Ao sl zjele] A
$ope AL HAe) ¥ 2120 AR,
o2 Eal 14 Azsle] ATk A7, o)
Al HasiRiet olAxd W 34 7]se ¢4 =
fredds 2 A7, Tl ARSAE 2l
NG| 87 < ol FE ARk s oRE
Aze] 947} e, A= 944 wE LX<l
7|5 o Wstehs 91439 Slxek Bl RxEE 3

i

2aljo} ek w3k A% 1443 A4 4
R a1l A1 Al7]el wet et W B
Ao PO Hole AE Lie A5
g2} gl
Aol Al Edd Ainldl B2 E ul2y, AHd T
AL ARk =k 2] )
o Au|E Algslr] $17F A=
ok vEo], S 2k A e A awrt g e
2 3 As A P7E ol EAl ARl Aol Bk
3 7o) EAlgh), weha, B =R olzdt
wAE s fls sk k] AT a4
(Barth-fixed) ¥} &% <w2]&L AkKI) 4= Q vl
E2]= (deep Q-network, DQN) 74s}el<s 7|HS- 38

i1
N
1o
;.Né
L o

slef A7l 714 M=RI9] AL e e
A1z}, Aels ) Mg =

e 8E Z"*lﬂl *J:i "41 7“* Z&~ H] (signal
to interference plus noise ratio, SINR)®l| w2} 522
2wz e ke W 5 e e

I. AR B8 2 Y 5T 2H 7Y

2.1 AlAE‘” EIHI

B Rl SR el ThE e ke
A 4 AR e T 1 A s
A% S14o] o, W E0E Fol cha
AL AT AT S ek, s A2

= N={nln=1,2,.. N} 7}e] A= 1o 4%
A 4 AlxElew ZF 942 B o] AlRM 8=
B2agieh dEml=EeM = {(mlm =1,2,...M} 7)<
A AR AR digFs W Aol siEAl
gl Bl Z= (¢, )6, =880 08,0 o] HARL
A= e = T={tt=1.2,...,T} A7t
&3t Al ARE AlgEb, AL ellA A= 914
n2 A= A+ A A FFEA (Earth-centered
Earth-fixed, ECEF) 2 % &3t} o|5 53l 2|A4l9] ¢
2= v, () ={z,(t).y,(t),z,)) 22 epdcel. =
A f1Ade] ARt wie} o537k Azl A= Aol $1A

433



The Journal of Korean Institute of Communications and Information Sciences "25-03 Vol.50 No.03

2 1. dRE el A 9 o 59 A
Fig. 1. LEO satellite multi-bcam hopping system in South
Korea
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