5=

[

20254k 5k=E

[ |

AA = AGEN AlE—A
Efo]g B4 7]

= & =4 o) ST 2~
TAE, 79N, 2%, £

AlSF

2| otHISelet=2 ]
$F AUS AT BT £
ol B3 A7

5, g

HE AP

{jhmoon100, yeongbin94.ryu, keunpyo.hong,

dongho37.song, wnsghks7045}@hanwha.com

A Study on Timing Correction Method for Slot Alignment in
LEO Satellite Communication Systems

JiHun Moon, Yeongbin Ryu, Keunpyo Hong, Dongho Song, Junhwan Park

Hanwha Systems

Q

a

Qe o FA A2 %
o

ok
o

g2 Fl dlolHE Fandotol k. 56, A= 9144 (Low Earth Orbit,

LEO)E A7 o] ¥ 722 Qi) Aed o] Ado] a7dth. 2o, AR 9142 A&A o5 o= A-A33t

727k Wstate] dutA| el o) EUg Ims Eelw 7]

Fooz:

U

$41 Blol9 S HEs) F713ehs Ao ot mhebA,

B o3t= OFDM(Orthogonal Frequency Division Multiplexing) 71%F 2] A%} TDMA(Time Division Multiple Access)

7]
Ims ©9]¢] Blo]

Hk &3 2o AT dike 747 1PPS(Pulse Per Second) A1 35 71502 242 Ims 7H4 9] ERol 7]5S g
N ~E dgsto] AoAAE AP FAstaL o] FA A BA 7S Agkgte]. gloln) B

AL 93l 9142 index ARE ol F71H o7 AFetaL, dEE o]F FAlste] =7 AR 7] vlagtows HopAA

N tlo

%o st HolHst =dd =S Eold

Vivado A& 0]4E& 53 Aot 7|He] &5

510
Zo“ﬂ'?_v‘

A5l

FA O A= $14, OFDM, TDMA, A7+ 43, PPS

I.A &
ZHO A

A %=(Low Earth Orhit, LEO) $14 28 AAAE 94354
o} vlaste] $143 T zke] Bl At # 1, whE ol5AdS 717
wlol] oA A Fgo] A3 FA Alglel| wls) m= A e Tl],
3], TDMA(Time Division Multiple Access) B4l A= 2} whiko] &4l
oA @ &%l Ags] Falshr] g8 Fal
olt}, 7|22} 1PPS(Pulse Per Second) 714k g uh
Az okt FAEAA e T F7F
RTD(Round Trip Delay) 714 8.4 HPH-& 3
Hgo] HoRITH3]. o]l whet A HAFEA Al
& S Eto| BA 7I¥e] adTi4l

A, B =Fo A= Ims W index ARE &85}
s AAREO R FA5L, o]F 7I¥o R F4l Bro]Y

Akgitt,

EA] /\]

[SRR

=3

7t

re
R oy

i
> o fo

o
ne

[e)

=

I. A2d 873
He AAELEO) 91497 oF 50071,200km AzjellA 2lah, 9

i
15 %
i

z
.

94

O

d
2 AE 540l upe} vy} 14 7 AR 9 Al SR e S5
Foke] A o] A&Hog Wkt 17 12 AT v 7t
4 mAgket Aog A wHA AlaAe] FA
OBP(On-Board Processor)9} #4 @& zte]l #as A3

OFDM(Orthogonal Frequency Division Multiplexing) 7]5+] &2 A=

A
kS
H 7

1o

29 Ay @

o

AAOR FYPE 2 AT ke Bie] $41 Aol Wgso], B2 H= OBP(On-Board Processon)®] 521
P
53

gt} HDL(Hardware Description Language) 7|9 22 4
el =

3} TDMA(Time Division Multiple Access) #2]¢] &3 7)u t}=4 %
TFEE Agste] Fojx Fa U9 F Ul A A7 B9IE v AMEA
1 FESE S 34 7Y OBPeF WS GPSENE 208
1PPS A 52 E4 72} A4 1ms tickS A ek A7 5712 913 A4
Efo]

[Eo2 Ah=th

rlr

°K

A

i

1:ro]

i
N

M. Index 714t E}o] AF 719
thre] Uplink 4414 4 8H3] TDMA &5 237 9J8i4= OBP}]

NS
A7F 715 o), & A A A (one-way delay) S AHsHA FAsfof s,

[e)

=

index HE

1529



20254 st=Salst

AR A-E F74317] $138] OBP7} $4181= 1ms index HRE o]-§-3fal
i ARE 7|Hko 2 tide] FAl oS BASE TE2E At
AL Ims 719 tick ”i‘)ﬂ b A index #he 23S ERolT
ARE F7)H o7 vk A4t} a9 index 7 1PPS AsE 7|%
o% 27| & 0%H 99977}X] T 08 ZIteit) M kA A-S OBP
7} 4138 Ims @9 index F R} thdoll =23k A3} 19 index Fhol
g8k o 24 1ms tick 718k A12+e] Aol & F3) F4o| 7hssith
TAA R, B AAo] HEe index whe TG £k 24 ]7W+
IPPSE 7|Wke & e 24 o] At Alel9] WAt A
AAo g 7HFE) Index #3 24 A4S B3 324 A d(t):
thE3 o] Aejgnh

d(t) = Tjrx,mder (t) - 71]0cal,indez<¢>’ (1)

T

rx_index

Tt inges ()5 5208 indexol] Sj3ate wheb

loc

(1) wo] OBPEHE index AEES $418 Al7to|a

= ngpjr(t) *d(i), (2)

2 ofplge, wee A5t A9 neld A Al mus
£5 $2 A0S 2435, o)tz TDMA 714 B4 Az8olq 53 3
S WA AU ol AT ke YA 4B £
it

V. Agdold A3

Agelol e Salel7] 13 OBPS} T 7k A2l o 0km. 7143}
3, 914 ool Slah A7kl et AstA o] Mskeh Alubeleg v
Gtk ANE Q43 A% d Afe] AU 441 vl B8 9l

ATAD F4o) ATEst $4 BoY AT A AFH,
1% 2+ HDL 7|9te 2 AA 2 38 249 AlEdo
A9 B @ $4 B 1A AR wolE,

AR Hhol A TME %M o Matehs Ak BYIE
T o 0.12059) 4 AR ()3 2A AIAD 29l 9%

2% R e uelFh BE, 9 S A4S F49 A9

Aol w2} Ao lizé%‘ﬁf—_*i OBP9] =41 AJAdel |

o
v
N
oL
J
ol
-

= ™o O
V. 48
2 l&%ow“ TDMA 7]9ke] &4 ﬂ 7]%% AHskE A= 914484

Al 2=gle]
thab] Slaf ou
718k AgAe

q
e}
Vivado /‘]ﬁﬁlolﬁ—% 3 Aok 7Ho =

OBP 41 A1y

AlEdlold Azt

ACKNOWLEDGMENT
HOEN D) AR U7 E0FATL)
F¥ AFA(KRIT-CT-22-079)

Z a1 E 3

[1] Ma, J., Zheng, P., Liu, X, Zhang, Y., & Al-Naffouri, T. Y. (2024).
Integrated Positioning and Communication via LEO Satellites:
Opportunities and Challenges. arXiv preprint arXiv:2411.14360.

[2] Smith, Austin M., and David M. Bevly. "Precision Timing with
LEO Satellite Time and Location Signals.” Proceedings of the 54th
Annual Precise Time and Time Interval Systems and Applications
Meeting. 2023.

[3] T. T. T. Le, N. U. Hassan, X. Chen, M. -S. Alouini, Z. Han and
C. Yuen, "A Survey on Random Access Protocols in Direct-Access
LEO Satellite-Based IoT Communication,” in IEEE
Communications Surveys & Tutorials, vol. 27, no. 1, pp. 426-462,
Feb. 2025

[4] F. S. Prol et al., "Position, Navigation, and Timing (PNT) Through
Low Earth Orbit (LEO) Satellites: A Survey on Current Status,
Challenges, and Opportunities,” in IEEE Access, vol. 10, pp.

83971-84002, 2022



