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1 WALE MIMO HEARTE.
Table 1 Summary of existing holographic MIMO research.

Work Channel model Scatter Research context
[7T~12] Wave-number channel Rich Space performance
[13] Spatial channel Rich Space performance
[14~16] LoS channel - Space performance
This paper Spatial channel Rich and sparse Space-time performance
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B7~19] 3 1 U161 45t 7 A 4 8 MIMO BFFURUR S A S K 5 A s b, ZhaSfAr R 2 e e 3R H 1Y
—IRFHE, & SN “FERT 5 RRSY] N 22 0 DRk e 8 28 THRE Sz i 82 . - 8 3 T 5 70 4 7T S S
PEAAARAL, We SR (8] gARP R, fnSCik [20] AW RIS 8] 2 ns 8 PIN &R B ST AL . 1% PR
TR SIS T B S8 6 555 RSN [W) A P R A T A AR M0 S 7] DAAE — N5 i o 300 A B S B
ZUEE. R, XSS TEAR R AT EANY (5 51 T IR DL, SEIUXHE 5 AN R 48 2 1 22 O
I, T RE S IRAT LT A5 P RE.

N T ATRAZIE 4R MIMO fELZIEE RGP, A0 734 MIMO R4,
ARG EIA 4L MIMO FR G K X AL T2 B AT 5 RS A 22 OB i A K T 5 e A AR L
Wi IE. E A S R WA 220 T 26 22 R T REAEE A R SR T AR 4 B R 4., B R A i R AL FT % (3R
TSR TCHL R, R T AR AR TR U 2R 2 R RS AR A B J S5 e AR AE X 1
FUREIE . A SCHR Y T — A N S A ACHE R, i I S P 42 8 MIMO R EQ R 2R T 50 T A 52 i



AxRFEF HERZE:EERE 2025F #Es5E F3H ea1

RF DARH-

MIMO Scattering

chain

u Cluster 1

N DARH- RF

J)‘ e \\ MIMO chain

fl £0e B E
.y‘)\ J - ~o \
M - =; —_ A\

__ﬁ N 5 1
J)u RN : =
N @ Yy ([ HEE=———]
N\
Receiver

Transmitter .
Cluster 3

1 (REIERE) T2 8 MIMO.
Figure 1 (Color online) Dynamic agile reconfigurable holographic (DARH) MIMO.
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1E5 KR, SISO (single-input-single-output) 253 . MIMO ZFI A1 MIMO 25 B 38 (5 TE A5 84 % A AR [ 17
KRR R, SISO BRTEHTE FAR, MIMO SIS BRI A7 v bRid, MIMO %50 524+
BUIE S b fric.

2.1 28 SISO R&THEEHER

B e AWUR RGBSR EH 224> W] E A A )2 T 5 0 4E R, A 4T EE 2 T B o LA K
[ EEHED, FLpkHh, 25 & Bk B (SISO) M4 BRI R4, MIRERLEW v2 FIHNE. R RLE
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55 n AR T TR T IR S A BN

Sn = [Samy Syms Szm] - = [82(n)As,0,5,(n)A]", s4(n) = mod(n —1,N,,), s.(n) = |n—1/Ns.|,

PEAL s4(n) AT s, (n) Ron5 n ANERIERITHIKPAE BRG] FEZBCREG M N, SRR
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(azimuth angle of departure, AoD). &2 /77 ffi (zenith angle of departure, ZoD) N ¢;_,0,., FAEY &
A Agy, A, [FIFERNERE 1,1, = 1,..., L, FOEIEMIA (azimuth angle of arrival, AoA). Fi&
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AR, R0 T T4 B MR B RN, id ay, 2 [0, 61,]7 ) Qu, 2 QY x Q1.
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Figure 2 (Color online) Structure of MIMO DARH transceiver.

PEAL am (ap,, )y an (o) M Hy (0, 0, ) AR (1) H am (0u,), an (aq,) B H (o, cu,) BEERIR,
aly = [am (o) ... am (aq,)]" € CUXT FIRE m MRIGBRTTHRITE 1, K EIARMRITHIAR,
als = [an (1) ..., an (o, )] € ChXV TFH n ARIFBREETLE 1, 48 LM GR,
H's € Chrxde RoRGE I, SR REHEAE 1, K BIERRIATCLIATEEWNL, g, = [of, ..., qf,]" €
CNox1 g € {r,s} FonBICRIR IR T K AR, Ay = [ay,...,af ] € Cho*No JOR
N (Ng) MW RS BRI o A Bk (B 2) RN EIm L (R R, HYl e CNexN-
TR N, MEWCR N, MR 1 FBERRAE 1 538 LR EUREE, b
Aj - BIHWIRL A, MBI BEIEARL HY'e 3 W48, Hy = 7 S S Hs € CNexNs
FoN BT SUR BB 2R THI 5. 8] i A AR A P e U S 18

B (2) PN, E A S E ORI P AE SRR g7, g ~ AR ay, (e, )« RIFTRL @, (o)
MICLIIEETE REL H, (ap,, o, ) 5 B SEFGE. 15 GHEE @B 78705 JR WU R R AR
(IS, 25 R 3] 4 BOR 2R AT #1038 R R AN AT DA B A8 AN [) 24 1) 7 i) b LA AN [ F Ry
ik, 7 HL AT DA 37 Bk ()b ) el s AR X R AR SR B A AR 4 B MIMO PR AR Hi K A

2.2 28 MIMO R&ZTHEERE

HRAE ik SISO BB, % RGHES 5] MIMO R4 FREHAELE Ly, g € {r,s) KB ERMFIA
AR, BB d; ANTAR A8 M AR N AMERRREHEHSIA R 3904 D, x D, =
MD,, x Dy Rl Dyy x Dy = ND,p x D, WRSTABICRES], W0lE 1 frs. SAREHE N, M
FETH ¥ TE, ORI A 5 NN, Fl MN, A6, SCRHGHaE 2 Bz, i MIMO I8 & 15iH
H e CVXM R

i, L
—~ 1 A ~pp g — 7~ ~ e~
He e ). 3 QU AN A Q. = QUHLQ., 3)
strf=1l,=1 T~
Hi's

ekt H,, € CNNexMNe Sy SR8, F R 2 s HE 1 7 2R O PR R e AN T A A,

. 1 Ls L, 1 Lo L.
H,=—— Hil = ——— AV H! A 4
L‘SLT%; LSLTgZ lr lb ( )

I,=1

Q, 2 blkdiag [g},. .., Y] € CVNN FoRBEEESIARLININ, G = [¢f .- ai, )T €CV L ucU &
{1,..., N} TR u MEMCREARBIMRL, Q, 2 blkdiag [gL, ..., qM] € CMNXM KRR GHEES AT
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FBLARIERE, G0 = (g5 ... afy. )T € CVXL v e V 2 {1,..., M} FoRE o MRIFRE M AL
R, A, HY', A; R HEE 5R0(2) 1 Ay, HE, Ay, R HY' DU SCHF.

LA A EETERESE RN y = He +w, @ = [1,...,20]T € CMXD RREHES,
w = [wy1,...wen]T € CN*! FoREMT (Gauss) FAMER | w,, FREEMERCRL MRS

2.3 FIAELTLE MIMO X&=RESFEER

TSRS MIMO K261 STy da i, 1 3 T AR 7 M 97 s (8] — %y g AP 2 1201 mT LTE[H]
— T RN I K B AS AR R T B AR W N, K B MIMO I E B A HE O S
HEEER, FTE S5 B A ¢ (I, IS S EHETRN yt) = Hit)o((t) + w(t) =
Q) Ho, (1) Q. (t)a(t) + w(t). NiE—3HiTi, 1ELL R M.

(1) RSN T W L FRREGHE G A, B HY (1) = HEL(t) = HE, 2(ty) =
z(t) ==z, 0 <ty <T. FEMBFERIE DL AIEREE T, X — IR 5 RO

(2) HEFTE 270 R0 BARGL, TTLE (0, 2n) IESEIAL, [Q)iw = ¥in, Vie T2 {1,...,N,},
Vu €U, [Qulj0 =¥, Vi€ T 2{1,... N}, Yo eV, ¢, 05, € (0,2n].

BT B A B, M0 B M Ok N I MIMO R4, fERF SRS T WIRDEE AR K Ik
WOR R B ER T AR AL B, ¥ K IRBERUE S REBWS N KN ENERUE 5 REN

i/ E QTH(tl) ths Qs(tl)
1 u .
R o) S -
LSLT lo=11,=1 ~H = ~
Q; (tx) Hy'" | [ Qs(tx)
(o8 Hirls Q.
1 Lo Lr 1.0
= — ZZH&S:IH—E:HCwﬁ—E, (5)
V' Ls Ly l,=11.=1

B Q, € CHNNXEN FIQ, € CRMN-XM IR BRI FIZ AR B, H,© € CRNNrx KM,
FORH I, RIS I, ISR  fHEY, B = Q H,,"Q, € CKVM Rr# I, 4
BERR I, RSSO 008, He = A= Tf, O He = QUHLQ, € OV

AR A, 'y = A SF L SF ' e CRNNTIMNG R B A 9 5 2 s
{5, @ € CHN1 FoRE T M.

M BRI HTAT AN, (EAR B 5 S A 00, AR 4 8 MIMO RIS, EHFHIIE T KN
M A% MIMO {5 TEHERE. MIMO 3R GU A 0L B 2 A 4 2 0 (25 38 UV, T LLR 6 1 o
SPEER S RINE TR RS, 3 RO R T 250 2 & (IR PERE, R T AT 407 He.

3 HFAETLE MIMO RZGBEHENH

MIMO FZiH) H i SR 55 R SR s 4R ft ML IE E R AN, A BB E R, &
RAL T AR LN EE FEREE R LRI, X (5) AR, sh &R 2 S MIMO REUH 4
R T FICAR R N A IE 1SRRI YT RS E, R MIMO JE{E I — Mtk Ee, 2 (5) FEMIEIE
Heo WK E . He = Q, H,Q, MBS RAIRIAR Q, & HFEFIZE I AR RL Q, Al
HAENHUNEE H, 4%, Bt He Bk (ABE) SBCRREE N, M. SOR R ZGE 2R 1 50
Ny, Nov AL REFEAS B K AR R AN BEYT AR OK.
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BRONMSCA U 4 ) MIMO IRSZ AR, Bt G AnmT LMERS Q, A1 Q, BNk, Il He HIFK
Wik T (5) T8 Hy. ¥ H, BFFRRNNH, = diag{ﬁw, . .,ﬁw}, R (4) P H, YUE H,
(R, H,, BRI CHE 7 2R O PR R i, AR A%, R RIS 60T H, 10k

R STk [21), H,, WK EITE BRI YR WOR B RS RIBE B R i L R e, BT
JEUEBA G 1 (513 1 it s 50 (1) 1 (2) HAMEFEHE S S ).

SIEEL  BRAIE vz FIHBCER A Dyo x Dy ., g € {r,s} B4R SISO f&4i R 4%, M5 P A77E
L, NENER Ly NS ERRE, 8 1, DRIEME 1, AN EARFEE 421 AoD, ZoD, AoA F1 ZoA %
AL 6, € Qp & 61, — Aby,, 01, + A6, ], ¢, € fo £ (o1, — Ad,, o1, + Ay, |, THERE BN

min (dy, ds) ,dy 2 Dy 2Dy Q]|%], ds 2 Dy Dy 0| Q5|0 (6)

A Qp, QU by, O, Ay, Ady, NEHE 1, () AoD, ZoD, AoA M1 ZoA FEEIEH. Hub R
FEY IR, Q) 2 QLU UQY, QF 2 Q) U - U Qy FoRFTE RN AT R 08 f T
FH, |Qi| = fQi sin gy, dey, = Zi*‘;l |Qi§” = Zi*‘;l fQ;g sin ¢y, dey, = Zngg:l2sin<Z>lg sin Agy,, |QF] £
ng sin6;,d6;, = Zi"’zl fﬂég sin 6, d6;, = Zigzl 2sinf,, sin A0, g € {r,s}.

MERR  VE4HUE B AR LR R AL

I3 1w E, RSN Dy, x Dy ., g € {r,s} BIAE SISO fE¥ R 4%, UM THAEE L, DF
IR Ly NESEZRER, HHEA min (d,, dy). #E—PHi%42E SISO R 2 M & N 4R
MIMO FE5 Z 48, WOR 2R T 5 e H BRI B T 22 P, M K N U MIMO K5 B 51 R
N Dgy x Dy, = MD; ;. x D ., WS A D,y x Dy, = ND,., x D,.,, USSR H L, Mz
1%, AT A3 5] B 2.

5382 rank(ﬁw) = min(JT,cZS).

WERR  TE4HUE IS AR LR SR B.

BT H, WBN min(d,,d,). #—H00R 5) hEN RS EEEN He O, A28 1.

EI1 rank(Hc) = min(KN, M, ds,d,).

WERR  VR4HUE I AR LB % C.

HERE 1 Al 81, He BN rank(He) = min(K N, M, d,, d,), BIZhZ&E#2 4 E MIMO R4 H
N min(KN, M, d, d,).

&it1 HEWLAE MIMO HHEN min(KN, M, ds,d,), % E B R oA A7 R4E
ARUHL BRSCR AL RO RZ AL HUN B RIOR BRI RS SL R P, min(ds, d,) A P58 25 55
H O EIE, AR, YR REGHCR THRICREE (M > N) B, B HEZ R TERREE, 2
FEAE K U B 1] CARR e 23 I B A5 AT R, BRI B B BN min(KN, M, d, d,.). JEE7ER ) 4
JEE B A5 AR AR AT P S 46 7 [E) 24 2 R T, AERRUSOR 2o/ T R B RGN mT DASR iy I RS 2 R 5 R 4L
HUNTHRUOREE (M < N) B, H B2 R REHIR S, rank(H ) = min(M, d,, d,), FIGEh &
AR FRAL A BN B . BRA, BN S A EE R (5) ATA, ORI Bl A AR I N B i
AR ROR . X TAUR M im AR, 40 FH K i 2) A AR R P R SR AN 5] B B N, 49 4n % o 1 4
A K UORST K AR, A B i A& i RO RF 5 RREEII 1/K, M T4 1 (s
e, JEANRE SR E

4 FEETLE MIMO RGN EEE S

MIMO F 4t H) 7 S 1 28 SE R IR it 22 MM VK I TURAE 5, TR BRI om & IR 15 5 4k
TR, REIBER A5, R RSB BE et ot B (5) He TRl
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M IE YR SR 2 Bu(t) 2 [Hel,, ,, w el veV, ke k2 {1 K} %5 t
SF u ARBICR A 2 o B R 2 A2 2 L, AL F AT He o
(1) 5907 Ho HIEE Fu(te) I (2) SPHRRZ Ho RIEE Ru(te) 2RI 5 56% 58
P 5 5.
(1) ST A1 Ho %65 hu(te) 50, AR (2) 00, ¢ MZIS o MR % 5
o R AIA 2 5  RE 25 R 2.1 N4 B SISO % B e

T (t) = @ (8 H gV (1) Z Z [H™] ej<ﬂfn,u(tk)ejwi,v(tk)7 (7)
m=1n=1

BEAL g (te) € CN*Y, Yu € U 30K ty, 2RSS o MREBRCREAIALARL, ! (t) € CNY, Vo € V FR
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%2 FBELTLE MIMO REGHEGRER.
Table 2 Summary of communication gains for DARH MIMO systems.
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Figure 7 (Color online) Capacity versus SNR with different numbers of receiving antennas and agile times.
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Abstract In this study, we propose a dynamic agile reconfigurable holographic multi-input-multi-output
(DARH-MIMO) wireless communication system utilizing intelligent metasurfaces. By fully utilizing the ability of
metasurfaces to dynamically manipulate electromagnetic signals, we deploy these structures as MIMO antennas
with agile reconfiguration capabilities for both the transmitter and receiver. Subsequently, we introduce a spatial-
temporal dynamic agile reconfigurable framework for this DARH-MIMO system. Within this framework, the
phase response of each metasurface element is reconfigured multiple times within a single symbol duration,
enabling the construction of an equivalent extended spatial-temporal channel and enhancing communication
potential. We then analyze the system’s multiplexing gain (degrees of freedom, DoF), diversity gain, and array
gain under multipath fading channel conditions. The results highlight the following: (1) A clear relationship
between the DoF and parameters such as agile frequency, angular spread, antenna size, and number of antennas.
This conclusion indicates that when the number of receive antennas is smaller than that of transmit antennas,
the dynamic agile reconfiguration of metasurface element phase response significantly enhances DoF. (2) A direct
relationship between diversity gain, agile frequency, and DoF, indicating that diversity gain increases with higher
agile frequency. (3) A proportional relationship between array gain and the size of the DARH-MIMO array size.
These findings provide valuable insights into optimizing holographic MIMO systems for next-generation wireless
communication.
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