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A2 A2 (Cellular) MEHIE He AvgAs
gnsty] A vge A 7IAFES wix st FA4
A4 U EY A(RAN, Radio Access Network)E A3},
RAN & 3o UEYIS} AAdste] &4 2 dolH
Aul 2~ Alggit. ey, o)ye AYHE FE B4
A9 2RI 4R AHE FAE AAEY] wiel,
AE A9, &, A FelAe Al ARMA YT
dAsth 58], Ald T Al Al&gE S Ehe)
A AAA Y] BAl A2 FHE oA S
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ol#1dt AW X|(Coverage)e] AE R8st 13
geto @ AAE(LEO, Low Earth Orbit) 914 BAlo]
FEa k. AAE AL 1= 9 200~2,000
km oA &%, AAA%=(GEO, Geostationary Earth
Orbit) #14dell nlal Ad AlZH(Latency)©] #iL, 3
AALE dafo] o oy HE HE7F wEthe
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AutEE I A 5418 A Y3k Direct-to-Cell(D2C)
7le9] "HaAo] A7)=Ea gk
SpaceX © D2C 7|&S &85t Mxe diy]
flol 7€ 2=nEEY AAx 94 1 HAH T
7Fs 84l 8= ‘Starlink Direct-to-Cell’” ABH]AZ
Zolt} [1]. Starlink D2C AMH|2=E= kel &4k, Ad
A9 5 7€ AEHE HIol oy AYdA=
AAA T4l AuAE AFshe AL SRR s [1].
oM Starlink D2C 7]&9] Ay dEYA
, e V=Y AEsE fdl siEsl ok
78 Ved A D AT WIS AR S

1% 1. Starlink Direct-to-Cell MJEY A % [1]
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Starlink D2C 7142 SpaceX 9 3 AA= A4
€3l 71= LTE &vtEZ ] A4 A4S A dgo A,
A% AE dELAY 39 AR FA AHAE
Ve kA el Starlink D2C Al=Ele a7 1 3} o]
A= Aol ©HA¥E Regenerative eNodeB EH-S
3 xF LTE AvtEEDR A4 FAleH, o554l 7t
HA4$ 1.6-2.7 GHz T35 dl9S AME3te] Av|~
YA (Service Link)E A [2]. 914 1 EFHS
dlo]#A @A (Optical Inter-Satellite Link)E 3l
FAEA A AlEd o (Gateway)Z HAE®Y [2].
&7 Starlink D2C AH¥]AE w= T-Mobile, ¥
KDDI, #& M= One NZ 5 the] 229 o] 5 EAlALe}
JEUAS S FdHa dow, 7t FAAE ARAL

o

#9542 Starlink 9149 T WAlow Fean
Aok [2].
Starlink D2C Ajv]x¢ A F=go]=  Starlink

949l D2C FlolZ=(Payload)9t *4+ Alo] E glo]olt},
D2C 7]%<& Al&3h+= Starlink Version 2 A2 159
fE 94 ®ld  <te Y (Phased Array Antenna)$}
Regenerative eNodeB E %S A3t dg dHojz=E



¥t Yok 2024 JHE Falcon 9 AL =3
WAlE Starlink V2 Mini 9142 327] 2 4.1m x 2.7 m,
A ¢F 800 kg & 7FAM, 2.7 m x 2.3 m A7]¢9
A4 mE FEUE EAstn Advk [3]. o 4 WiE
telvt= -~ R WA} &AK(Radiating
Elements)= F4%H9, Z &9 AT AEHES
SHA0R Aoy EAH WFgor A=
s FA4E 4 g [2]13].

Starlink V2 Mini & 7]& V1.5 YA nla] &=
A8 a8 9 deoly A7 T8E& AT, 3GPP oA
A 2l3t Regenerative NTN(Non-Terrestrial Network)
TZ2E 7IWe =z 914 UdA AR s Hx fxd
Ay 2 W¥yS 33 [3]. Regenerative T2E
el ©Esl AlEE FE-FASE Transparent
Tz 2, 94 WH9 eNodeB EH#lo] A 235
BEx-Agsng, 4L AAHezR HE FAsn
#d F doem, FiaF AAE HA sl fEsttt
[3]. &, 994 UF< eNodeB Edlo] A4 w@itzlo
AR B2Es AYToRA At AEY YEISY
frAbeE 52to] Zhssxin

A% Wi StEVE 71AIA 3l glo] whE A Rb
%3 (Beam Steering)S A YstE =, 1% o)F
AT A 2ultEE I AL dF §A4
adAolty, =3, e YA HE
W (Narrow Beams)E Al Ads| F3b
o]5(Frequency Reuse Gain)S &g 4= glon o=
IEE A e FA &F Tt T]ogit. o
Tde Fag g v WS FAd FEsd
ZHd(nterference)e] AL 4 glem=z w=
FCC(Federal Communications Commission)+ %%
g skl §dol A shvte] HIwk ALEE ¢ RS
T S Algsta

Starlink 2|4 Alo]ESel= $AolA F4lE dlolEE
A Apel 9Byl W ErH(Backbone Network) HEE
ol EE ALY Fo] Y EYA(Core Network)® HE 3t
AES ot A4S A AnEEY FAE & AT
goleHE 2 AolEdelE s JdHUY = 4
ol &AL VEYAR AFstomH =AU end-
to—end FAlS A3
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Starlink ¢ #L AAE YAS o]&F D2C
Flol A= s Aslor 3 Ay YA A7 EA s

AA, Ay} HAZ &2 (Path Loss) TAlolty. AAX
A4 FA BHAAME U km AR QA A4 H
A @y 3 A AR E£4o] v dB o] 2
T AUk oy =4S Hedsty] $8 1o)s SteEuE
AHESte] HAaE JEAZIAY, AS A8S dsel whet
xd3te A9 Alo] 7]so] Hasitt

EA), =% &3 Doppler Effect) FAlolth. oF 7.5
km/s 9] 1&o 2 o]FdteE AAL AL XA T
&) Hol 450 kHz =59 == Ho](Doppler Shift) =
frasith, ol 5G A UEIA dutdo=
385 = =& Hol HART of 50w o] & o
A o"aY FIe Vs 2 oAld 4 A4¥8=
A JEgFs v S Qv ES, A gEr]Y
ARl wet AAE 49 1 ANYA delA A
EZ8 ozl AT = Qvd [4]. ol¥g EAES
dAdsty] M E EEFY BY |Ee] dF¥e=
a7EY, FAHeR, W FAHAAMY = ol
AREA SEY] A9 WS4 2he] AolE Qlg zho

¢

=Z2] Hol(RDS, Residual Doppler Shift)oll &l ARz
WS Faete wete] AFtH L vk [4].

AR, 94 7+ zHd(Inter-Satellite Interference)

5 AANE AT F9 7] olde $A4o]
Tdgt Fa5 gigedA F Axg 948z
= 7+ ANYATY HJE ABS, A9 14 (Co-
Channel Interference)o] A = <t 53], A4
G YA E vge e RRE T FIge
AE7F Egd F %, #A E#F 5
7bsAdol Er) ol#d S
T A W Mz g2 F38 Ads s Ay
AZE-37E A 7|0ke] 2 S B EeE Walo] &
T A4 1 Y dEYAHS 13
dFsta FHoR Uigste A W dE WA=
AT FAZ Weai g

G4, F34 Bl @ o]F ¢ (Heterogeneous Network)
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oo ZAed. fA-avEE i S
Agel oAM= A Az AR SR FdE

Fis d9s AT F 2 NTN 3
TN(Terrestrial Network) 3+ IHdE g dfoF sho
NTN ¥ TN 9 F&oz A% s ¥

T 71N s AE w9l SDMA(Space Division
Multiple Access), % A€z 3= S =43

NOMA(Non-Orthogonal ~ Multiple Access), 18l
AAg2E 2 4 AEES B RSMA(Rate-

Splitting Multiple Access)¥ 2 13 oS 7les
ke WE A ok [4].

V. 28

Starlink D2C 7]|&< 7|& AEZ A=~y
Ao EA AMYAE Aed F Ade EFAHoT
SpaceX ¥ 7]£ Starlink Ao E4 dHoRE=EE
Aakstal, 71E avtEER] A BAE sbEsEA s
a4 WMg <HEY Ves =gdosxn 71E LTE/MG
Fu g e T3 Muls AFE FER star ok
a8y Ax AR &4, 2Z8 Hel, M4 5 9Y
714 FAS dAdor a1, &5 56 © 6G 71&T9
TS F3 Avl o] o

=
F53

ACKNOWLEDGMENT
EooiE @gdAud Ade w599

71 247 A4 (RS-2025-00562095) % 4 H5417] &5 7HI (RS-
2024-00436887, RS-2024-00359235, RS.2022-0-00704,
and RS-2021-0-00260)¢] A& Wob a9 A4l

ZaE R

[1] https://www.starlink.com/business/direct-to-cell

[2] SpaceX, "Direct to Cell First Text Update," Online Report,
SpaceX, Jan. 2024. [Online]. Available:
https://www.starlink.com/public-
files/DIRECT_TO_CELL_FIRST_TEXT_UPDATE.pdf.

[3] 3GPP, TR 38.821 v16.0.0, “Solutions for NR to support
Non-Terrestrial Networks (NTN),” Jan. 2020.

[4] M. Toka et al., "RIS-Empowered LEO Satellite Networks
for 6G: Promising Usage Scenarios and Future
Directions," /EEE Commun. Mag., vol. 62, no. 11, pp. 128-
135, Nov. 2024,


https://www.starlink.com/public-files/DIRECT_TO_CELL_FIRST_TEXT_UPDATE.pdf
https://www.starlink.com/public-files/DIRECT_TO_CELL_FIRST_TEXT_UPDATE.pdf
https://ieeexplore.ieee.org/document/10559954
https://ieeexplore.ieee.org/document/10559954
https://ieeexplore.ieee.org/document/10559954

