LEO-t}+= RIS A &€ oA 2D-DFT 7] 4t
FFB|, AT,

NE Az BSB89 29 ¢ndE
B A

{yangdh95, hssjung, rkdwjddhks77, remero}@hanyang.ac.kr

Localization with 2D-DFT based signal path classification in LEO-Multi RIS
systems

Duhui Yang, Hongseok Jung, Jeongwan Kang, Sunwoo Kim

Department of Electronic Engineering, Hanyang University

i

w2 A= g;qz ggal =9 7|HS Ao}
A

FEAS AFSH
I.A &

LEO (Low earth orbit)-t}% RIS (reconfigurable intelligent
surfaces) 719+ Z$] A|282 LoS (line of sight) B7o] o8& &4
3173l A] degree of freedom o] A Z907} 7hssiche el vk
[1]. o]= 9l ZF vkA} AR 7He] AuAo] RAE YA Zzupd @
LEOS] 73 =Ze] ol ngjd Aa A= 2] 7o) sttt [2].
b & =S 71E RIS 9AE T =59 3o B4 $ 2D-DFT
(discrete Fourier transform) 7|¥t A& A= #g 7|HS %8 DFT
719k §1F 2 akddo] A-8-¥ RISE F9d &-&3ith A& oS 3l
At 71 fadE HET

l
Hﬂ
‘?‘_l‘

E =E2 GCS(global coordinate  systems)s WEH, =9
Avde o= a7 19 2tk v, € R* 9 %7 ok p, € R4
IAF @ LEO 9140l L7he] Aua K7je) Fukdsiz pAd
OFDM (orthogonal frequency division multiplexing) reference A <&

ahe Jaw S48 M BF RIS p,,€ R?, (m € 1,-,M)

N/ 845 7N+ URA(uniform rectangular arrays)® A% ™,
pE RPol X3 do] RISEE HE while 255 A8 98
o] 54l A% Ye C i tg o] Aojgr)

M
Y=Y, A, 0F(H, 0X)+N Sy

m=1
4714 A, € C "= m WA RISS WA} Aol tldt fast-time
EZy Hol anE UFE}LHL gdolt} [1]. F, € C B4 K= OFDM
modulationg 9@  AAe] DFT &%, X e Cie
X, )i d=1% =38k reference 4l&o|ch Nme C K<Le A%
4 FEoR N~ ONOg ,0°1 4, ) BA 7HRAE 2EE

get H,& € re ggat o] gelg,

H,=B(r,v,)®C(,)®G,(®,) 2)

714, mWA RISS A7 A 7, £Fe} Hol v, 2 Bl €
B 913 el &4 B (7,0,,)€ C e thet 2t

m?

*jQWkAf(T — v 0T, ) (3)

[B TV )}k‘[ =e m ‘m*Lsym ,

ok
=)

O (Low Earth Orhit)-t+s RIS (Reconfigurable Intelligent Surface) A]2~&lol| A 2D-DFT (discrete Fourier transform)

ol bl TEO 9438 &4 344 LoS (line of sight) B3] ogd7] wjite] 2

Ak 7] DFT 714k H*P reatddw Aure] Bd the RISE AH6h 584 A3 42 295 9% 2D-DFTE 483

EO $149] w2 &io & X Ho|& Qld] A2 Q&F A7} SAIs] wlie] 7] RIS Y215 &43lo] o]5 HAFSIL
< o AMEHEH £F 9 45 Aol 7HeEs FAs

29] 88 A] A3to|

T o

A
1.2 FA Faeolth Cly,) =1,c(y,,) e C 5L = slow-time
|

Az 2ol A OFDM A& 4o,
=28 Ho] A= [c(v)], =/ g 2y

mWA RIS response #E G,,(0,)€ C = YA-RISY
AoA(angle of arrival) 9} RIS-2<] anlge of departure(AoD)=Z 3%
={onort e mdy ) 7 YR tgy) 2o

o1«

angle tuple 6,
CEEE]
G, lre =148, = (s(07,)©s(67) "W,
714, s, (0)e C¥= m WAl RIS angle steering
W, CYe ¢dA 8] HgH® RIS configuration #E o],
[Sm]n:e*JZWf(T,,,,”(@), [ij]n :ejd);i"/ol‘:]‘. O]UH Tmn(g)l:_ m‘%ﬂ’ﬂﬂ
RIS EA n¥Al 824 1F A Ao, ¢ = nWA 849 ¢

4

e,

Ao ke YA+ Holth RIS responsed AE A wE
g, Cre RISY 94 zZ=sd wWg g o WA o5
w,(0,)€ CZ tg3} o] & 5= it}

g'"l = w"’.(el”)ﬂTIL, (5)

1714, DFT 7|4k 914 xzoddeo] Hgdue g =[F,] =
AR,



@ : RISs center candidates : Selected RISs center Pm VM

a% 2. AEH el 918 LEO 914, RIS, W 914 44

III. 2D-DFT 7]8t A3 A2 27 ¢ 92 29 duzgs
=

T3 A5 LEOS o] g o I nge] Mole ¥R, 7%
RISY| 9AE &3 BZg zlol& AN § o|& rAsh} 1] =51
Hol7k wagg 4 1% g9 Ye € ie tey 2o

Y=C oB, oF (A OY)
w(am)brcs (Tm)(c (V:IGLS) Qﬁm)T
3714 A, B, ,C, E 71F RIS 91412 Ed) 343 ©3e Hol2

23 A slow time, F¥H451) fast time =28 o] Holth AE
AR el tg3) o] g} WA 2D-FFT7 448 =32 5

A5 YoM dEgto] & AR F MY peakE HETTE i— 1WA
peak o] AAH 2D-FFT Ao thsle] o]= v 2t

7, v;= argmax S, (rv), )
olw S, (r,v)& 2D-FFT A&7k S(rv) = |F,YFi|elA i—19A)

peak ‘3ol AAE FHo|tt ofF, S ALl F4 A3 g
P 230 s s & 24 A2 AolZ R 5 % M )
FE AR Aol 7, Balo] wde] 9XZ FAHT. oy wrus)
LEO 94 7+ N ZF o =AM 9 X 7F A =4 A] BAle= Af REAS
123k TDoA (time difference of arrival) 7|9 2915 2 3gt} [

V. AlEdold 2%

dugFe]  FEAE ATl Hstel MATLABS &8
Monte-Carlo A8 22 8§ RIS9 4} LEO $143¢] elevation angle 6,
W 59 Aes st o 21 28 AlEeolAdA 183 LEO, RIS,

chate] 942 BojFErh LEO 9149 1%+ 600 km, 0,E GCS 54
0 =[0,0,0]"m 7] 40,60,80° & 2|5} azimuth angle 6,
90° o2  uAHk wT  YxE  p=[20,—150,1.5) ' m=
dtglom, &8 RIS v 6~24% ARG T4 Fars
f.=20GHz, Hu&ot {Pﬁ A,=120KHz, W3k F=
K=3x10°2 AAsgth A4 RIS F4 7+ 17 dyee 25mE

AAFA oM, GCS 715 g =200mE WA B2 dh= Whelof we}
RISE w4 Hlx&dct. odf RIS $419 HUl AEE hyv EE
RIS9| element v N=42= AAsA} AbA xge]g RIS 9z %
SMNE Adnteh 492 *45“0}M~D1 o]

mean sqaured error)9} RIS WA} A 29 A& 85
2th BE elevation angled]A] RMSE: /=8

N

6 8 10 12 14 16 18 20 22 24
Number of RISs, M

19 3. RIS ¢ elevation angled] @& ¢ RMSE

Prob. of correct detection

6 8 10 12 14 18 20 22 24
Number of RISs

1% 4. RIS 49} elevation angledl] W& RIS ¥} A2 A% 38

Hejow RE 7Z99A RMSEE 147mz AR #e Btk
0, =40,60" 1A Z M=8,16 °|F RMSE7} 20m o] #23]
7t on] F 4% BE ok 204.8m & HEY A% FE 492
2o, o whalh ARe AE FEo| WolARE RMSEZ #7453
ke Aoz d4E 4 9tk 0,=90°9 A%, FLA AA
T A&Hor FEEte] o 0.62me RMSEEZ B3 ot
elevation angle Z7}2 918] RIS =28 Ho| zlo|7} %Li 3171

B =89 OD-FFT 7%k X3s A= 8y 7|4 €43 LEO-th&
] S 3L

RIS Alz=" 7|9k 29] 7]W& A3t 7] RIS 94 &8 =59
A 87 2D-FFT 7|9k A5 A2 B85 4890 ANEHoIA
Az MY F3o AW S99} 7hsdhe st & RISY
F7F 7k u RIS ¥ =E8 o] ol& WAlE: AR 7+ FuA
g BA side] Zasl,
ACKNOWLEDGMENT
0| fev‘i—% Xé%(ﬂr@ﬂgﬂiiﬂﬂ < Aoz

AREN) o} ]
RS 20-00S37857, 56 % T NS 71 (13728 HaH29] 1%
)

ZF1EH
[1] S. Saleh, M. F. Keskin, B. Priyanto, M. Beale, P. Zheng, T. Y.
Al-Naffouri, G. Seco-Granados, and H. Wymeersch, “6G RIS-aided
Single-LEO Localization with Slow and Fast Doppler Effects,” in

Proc. 2024 IEEE Global Commun. Conf (GLOBECOM
Workshop), Dec. 2024.

[2] K. Keykhosravi, M. F. Keskin, G. Seco-Granados, P. Popovski, and
H. Wymeersch, “RIS-enabled SISO localization under user mobility
and spatial-wideband effects,” IEEE J. Sel. Top. Signal Process,
Aug. 2022.



