4%% BD-RIS 7]% T4 F4 Al29¢ 9% 3599 Zdag 47
%A, olAds

Foered AL AATHE
yukyum2001@kaist.ac.kr, *sihyeon@kaist.ac.kr

Wave-Domain Precoding Design for Stacked BD-RIS—-Assisted
Wireless Systems.

Kim Yukyum, Lee Si—-Hyeon*

School of Electrical Engineering, KAIST

29

]:
golold 22 s} 71%‘3% @%f& ﬁdr, SBIM —3— DJO‘ ﬂﬂ 10% BD-RIS uﬂu] KWE w} A5} r;f;xj_%%% 9IS g

A4 A58 FWH(Reconfigurable Intelligent Surfaces, e V‘UAUADQH Rl
RIS A7) g 5402 Aojgtozs RF A9 gggﬂ joy

+8 FOlWMARE YEY o)5E AT + Ur 49T Yoon%5 :

2 B4 EE FRLL S e € RS £ o sy 00 A
iz § ddE RA"EY] e sbd 239 !

AHrE7E AR, v AR SHgoA Hd s a9 1. AlxE 2

Ao AAsE b F2H BAE 7MY oy E Alz=gs aggth. 7AwS A dynt s,
SAE FEI7] 9 e dololE HFd Stacked RE F3F UEwe L7)e) #ololz FAE SBIM 4%
intelligent metasurface(SIM) 27} A¢tE A oU(1 M = MM, 709 HERARAL R o] FolZ] UPAT-ZE 7HAH
golo] ¢ ZF7}e] we} Rayleigh-Sommerfeld 7]4F -‘1]3—;1_ gojo] @ wetaz 7] AL d,=d, =051 OF
d wdol eAnu, AdE WA v Ao AN ggua mo WA dEaAe HLL, G =
T3 Ho] AE = EA7} &4 .1 Ad 2 m

e a]]o]L ;L Zowﬂ }@Eﬂﬁti&v] Wgﬁé Sg]% (mod(m—1,m) +1,[7]) o= 24 SBIM ulel
%It} Beyond-diagonal RIS(BD-RIS)¥ wWepazt v BD-RIS Akelel AdE Rayleigh-Sommerfeld 7]1ke]
ozt A% SeTond e A A8 MR 4 (Wi, =2 ()T o2 Hoan &P
B SR S oglon], agof goloflo R O gy o = uEARe] WAL NS, dy, =
W 243 Ass 74 4 do. a8y 7E mAA ] 9= Axol o]A Holojo] nuA -?jﬁ\_/?f;],o/]
drse T2 wd dolef BDRIS o dHo} fleml, g omgd. SBIM & 3@ F dojqt gde
% dolel BD-RIS & A% A& wWe de oldd BD-RIS ol4¢ Suea 2 uHel <4 Wl g

#H2 st o] g 5“45_’_ Twdl ool AR FYTRE g 3 ) glo]o] o} l+1ﬂ4aﬂ golo] Atole] Y W,

=T A E tF dolo] BD-RISE A% 3 stacked bd— k2 5 _gg}u o 7o P o] oA Qb wat
reconfigurable intelligent meta surface(SBIM) :rL Woo A9 oteubel A #lolo] Atele AYS ow] st}
n#3ste, A9 zero-forcing(ZF) precoder & J‘rE G=¢LWL—1¢'L—1WL—2 . @ W, UFAEF BSIM 2] o]o] ol A
el SArehE wAS FEAE2AHMSE) 7SR g g Ao AYE path loss B & I
guskdry. =9 BD-RIS o unitary AP A oojated Rayleighhy ~ EN(0, fR,) % 2R 81 o,
HESFE layer—wise alternating optimization 7]%¥+e] A=A 02 end-to-—end channel & H=[h1 he] &
MUE= HAst 7IHE Atd 23 WG o ez e 2 Qui[1]. wak, of 7o
omE:2 AWGN Z&& 3la, BS oA _H;__LHL‘ /\‘Ii ~ET W

s=lon..sd o 99 @RE  wEas p-
¥ oEROAE K=N Q) UPA 28 7IA%E B diag([py,.. o) & W@ A s wue
sFea s ARgAelA AulaE ATEE MIMO  HGPs+n o e 2 9tk s



SBIM olMe] AdE HAE AREY LAY Gy &
2AbetE s BASFR gt 98 mEedAE FUHA
wale] ZAME HlaLgkt)

47449 end-to-end Ade] TAE ZE|IY Gy &
S8 WEWI end-to—end NG HAGy, I A EHA
3=, Pu:rgiglllaHHG—HHGZFll,%Q]- SBIM oA 9] o]
AREA ZEFAY Gy ol ZAF HA e Psilgiéllla(}—
Guellz HAlelch F opael gojme, AwiA wae
A Al A AR eAvE Ad waAEA
dalE o] AR ol vk vl vk nk awkg 2d o]
agheh FHA Aol A9 Ade] FHl AR
AL B 9kdEtr] el del®=rF Exuk 39l
Aol og FAE HASE £ v T
minimization wAE WA} WA SEH= A
F7HA S AT WA -2 EAE deolo] e
o8 Qg g P 7HA 3 e ol dlAsh]
A3 A0 WA AREsloF sk, e #olole AT
dElell A gk Wel gk #lolojrt o] Este WAS

U F

h)
ot

i
his
i

ofo
of
(3

-

HPAoz AltET, olE FI| HudGe= PFEY
2ALE DET [1]. 3 o]Fo 94 WE gdo
unitary 9 o AFS A WESZ] 98] Takagi
B2 2 gsle] EAES unitary Hol| ik HZ 3}
FA 2 HE3H[3]. o] F Wirtinger V&S 53 Aakd
gradient & unitary iU Zs9] HIZFo R A5t
skew-Hermitian 3 W3S Z&E3ta, A odH4
AUl EE HE&gFozN EE wH FAoA  unitary
A ko]l Ags] FAHE LOEe S"
Ao EolA 9 FHE FATF ghe] Ao wWEERo]
AbdE A gt e Bt} F&38] HolAE Aol
ALHoz AA 34 o) AT A S

r
o

I
i
>
a

A max o = (<]
Aoz Westuy QUIES FrITh 1 oF

=
@gel A% AHEy LmAZs B9

6],

A Ay 2o AlEHIAS Y3 WAF 5 m 9 el
B2 25 o ALgA7F SBIM S F3] AR zero-
forcing precoder & ©|&3dte] 4% W] F AEES
Hl w3kl AlEdold A3E 3 SBIM 9 A5
ARl g ajldl wE Aol §EAS HYS
Z18kith. i SNR A = FS dFo] vmls|A
A AA sol AuHeolBE, p, o @ #elo] BD-
RIS ¢} precoder 7152l P, SBIM (L=3)7} AL
sum-rate d5S YA ol= B, oA= A
FAQ Aol EF o] flojx7] wiite] o
s afAdoE AT = v wEolrh. wkd
o] xujH<l A-%F SNR oA P, SBIM (L = 2,3)°]
o 53 ds5S e AE AT F QA o&
A-% SNR oAE Ad A7I7F & ASE Adis
BEFE VA=, BT A FAANA Al 2
QRS FATeREA Hd WA EAg o
A A7y 2 AsHA @t =3 PE SBIM 9 dlo]o
T7F 5ol2FSE FAMEC] ¥ FobA|7] wiitel, i SNR
G AollA= 3-dlo]o], 2-glolo], 1-#olo] £o R A5 o]

el =

MNAaAEE AL A = Yo dH A5 SNR

Aol M= A HAgoa WA= &A= Q] Ad

8ol ¥ #F& 3-dolo] SBIM R, Aoz g

w2o] & 2-dolo] SBIM °] 7} 43 sum-rate
Ql

sheiek,

B =FodME vs #olole BD-RISE %3 SBIM
T-ZE 1dgsle], gAY ARXA ZYPzgE I%F
FAolA ZASE EAE MSE #dolM A4 3sla,
FUeE e WAAS BnESY HAHEEn. o Ay,
SBIM & #¢ks uw 7]& 33]9] BD-RIS 2% A &
AR FTAE ZAE F deS AT 5 AT =S
AR 24 FHME @A golo] BD-RIS 7]¥F ZA}
Hant § $543 AeS BYS F9 & ¢+ ik
ol#1gt Z¥+= SBIM & T3l 7|9 v #elo] BD-
RIS Bt} ¢ &2 mdEy §AdA4S 7K o B2
NS ZAF & 5 des HAFEr. FFo MSE
kel

e R

ﬂ,‘
B~
Lot
8]

L)

[o

i
2
pe
2
of
il
N

Jus)
T,
o,
Yy
i)
)

o

ACKNOWLEDGMENT

o] =i AE (FrEHHnTAF) Ade=z
AR EA 78 H 719 (RS-2024-00398948 7] o1& 50%)<]
A3, AREN7DF7IYA-6G-F2H$E By THES

A8 wS-AF 2F FB(ITP-2026-RS-2024-
00428780 7199& 50%)2 A4S wol 3w A<,

Faxed

[1] AN, Jiancheng, et al. Stacked intelligent metasurfaces for
efficient holographic MIMO communications in 6G. /EEE
Journal on Selected Areas in Communications, 2023, 41.8:
2380-2396.

[2] NERINI, Matteo; CLERCKX, Bruno. Physically consistent
modeling of stacked intelligent metasurfaces implemented
with beyond diagonal RIS. /EEE Communications Letters,
2024, 28.7: 1693-1697.

[3] TAKAGI, Teiji. On an algebraic problem reluted to an
analytic theorem of carathéodory and fejér and on an allied
theorem of landau. In: Japanese journal of mathematics:

transactions and abstracts. The Mathematical Society of
Japan, 1924. p. 83-93.

[4] HIORUNGNES, Are; GESBERT, David. Complex-valued
matrix differentiation: Techniques and key results. /EEE
Transactions on Signal Processing, 2007, 55.6: 2740-2746.

[5] SANTAMARIA, Ignacio, et al. MIMO capacity
maximization with beyond-diagonal RIS. In: 2024 [EEE
Zbth  International Workshop on Signal Processing
Advances in Wireless Communications (SPAWC). 1EEE,
2024. p. 936-940.

[6] YU, Wei; GINIS, George; CIOFFI, John M. Distributed
multiuser power control for digital subscriber lines. /EEE
Journal on Selected areas in Communications, 2002, 20.5:
1105-1115.



