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*» 2.1 Re-understanding multiplication & RIS

Human Precoding: X = Ws As # of antennas increases
= 2000 x
m Al
—zp= || zzmw "‘{‘ S ‘ H,
- T J i I
~—mfw || —agA || Ze+= || wwtx ” ﬁ c1
1X4=4 |2X4=8 3X4=12/4X4=16 5 h =+ v,
' TAC AN
” >—o0C2
k% || =xt= || EAxFA |[9x=tw| Ex=+ [rx=+x
1X6=6 [2X6=12 3xb=184xe=245xa=30@>x6=34 c3
—tfk || =xtw |[ze=t—|we=tA| BLzta [rrut= ‘,{:cm+q ;—D___D _D—l—c
1X7=7 [2X 7=14/3X 7=21/4 X 7=28 5 X 7=35 6 X 7=42)7 X 7=49)
—ABA =AtHE || ZAZtm||wAa=+=] EAwt |[RAm+A ’tr\j_'?' *||AAA+w Boc
1X8=8 |2X8=163X8=24/4X8=32 5X8=406X8=48{ZX8=548X8=64& B1 O0——t
—~ABA || ZAHA ||ZAt LWzt AAN+E [AAETS ‘zﬁ.-ﬁ+5)\ AREF= | AAAF— __D—
1X9=9 2X9=18 3 X 9=27|4 X 9=36 5 X 9=45 6 X 9=54)|7 X 9=63 8X 9=T2| 9 X 9=81
E .
nergy-consuming,
. .
time-consuming

—ifE || 25—+ | 25+5 || wa=+ | BE=+5
1X5=5 |2X5=103X5=15/4 X5=20 §X5=25

Rule-based lookup table

Antenna  Antenna RIS
=l l=l=I==l=]=]=
El=l=l=I=R==1=R=]=!

Oo0ooooooooo
X1 | | Rx1 RIS-BS Channel Oooooooooo
Ooooooooooo \aR]SChannel
Tx2 ’ | Rx2 ED i ED
° J

o

Txs ——:!' Rx3

MIMO = N ..
Automatically completed, Controllable,
not controllable insufficient DoF

SIM ™~

g - AV
User i ] \\\ Y
Direct Link 4 RF chain 2 I
irect Li -—‘»\D
\
\

Small

Does it work?



» 2.1 SIM: Prototypes
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*» 2.1 SIM: Propagation Modeling
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2.1 SIM: MIMO Precoding
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<+ 2.1 SIM: Benefits
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2.1 Will more layers decrease the received power?
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» 2.1 Will more layers decrease the received power?
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2.2 SIM for DOA Estimation
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2.2 SIM for CF mMIMO: Distributed Deployment
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oo 2.2 SIM for CF mMIMO: Antenna-UE Association

A |

:ﬂ?l,m = VPim 1 Wim, 181 T \/Plm2Wim282 + ** * + y/Plm K Wim,KSK |

Each layer with N meta-atoms

e §
: Antenna-UE Association

| s o yRLS

: 2521-%%%@@ DEDD

: -l YR

: 25 syl

: : 4%% Ugle

| LR

v
___________________________________________ Heuristic method
_ As L increases infinitely , _
For each AP: Find the Nearest M UEs o Asymptotically Optimal
- Gain Dominant --- MRT

[R10] E. Shi, J. Zhang, J. An, G. Zhang, Z. Liu, C. Yuen and B. Ai, “Joint AP-UE association and precoding for SIM-aided cell-free
massive MIMO systems,” IEEE Trans. Wireless Commun., vol. 24, no. 6, pp. 5352-5367, Jun. 2025.



» 2.2 SIM for Wideband Communications (OFDM)

e e el o i -wte Sl sl g eSO \
I 1
1 Z 1
| 1
| TX-SIM RX-SIM ;
1
: TX p RX |
I q n !
: Subcarrier LA - | fff | ffﬂ/ﬁff |’ff :
| index Ns ,.’. e : : ff : Wﬂl}, 1
: AL/ wrr PP e ];AC & RF chain 4 : 1({( H ! qﬁ ( FFT :
: Stream E 7' IFFT | tfl; 2C &I.{F chein H : ffff¥ ll %ﬂ{fﬁ :
I dex'S E : ff%trrF i . : T]qﬁ :
! i o i) SIM-aided it |
, 1
: [ MIMO OFDM ! !
\

Interference-free Interference-present : H iy : - H g

e Lo b .mingle-subcarrier -  Multiple-subcarrier
Bandwidth "B<B. ] B> ﬁ ] i
f+IMHz f,+1MHz B

Fitting 5
Imin =0 I'min >0 :
error min min - -
5 : =
2 f=28GHz 4 2 [=28GHz
5 0 5 0
2 2
w 3 [0
. | f -IMH f -1IMH
Illustration | =. et B
of the
end-to-end f,-10MHz f,-10MHz
channel | ! 1N
Receive 2 Receive 2
antenna index ~ , - : : antenna index ” 4 - - : 3 )
1 2 3 45 6 1 2 3 a5 6 4 1 2 3 4 0 4 | 2 3 4
T tantenna ind Transmit ant d Transmit antenna index Transmit antenna index

[R11] Z. Li, J. An and C. Yuen, “Stacked intelligent metasurfaces-enhanced MIMO OFDM wideband communication systems,” IEEE
Trans. Wireless Commun., (Minor Revision) Online: https://arxiv.org/abs/2503.00368



*» 2.2 SIM for Wideband Communications (OFDM-IM)
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o 2.2 SIM for Multi-Modal Semantic Communications
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o 2.2 SIM for Multi-Modal Semantic Communications
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3 Flexible Intelligent Metasurfaces (FIM)

3.1 Motivation



% _Flexible cape forrobots _____________

Flexible aircraft in remote areas

4
4

/

*%
»

*%

c
O

t

Iva

Mot

Flexible wearable devices

Flexible textile

4
4

/

*%
»

*%

3.1 FIM

e

*




3.1 FIM: Prototypes
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*» 3.1 FIM: Surface Shape Morphing

---- Potential of FIMs in Wireless Communications ----
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-------- FIM-aided Multiuser MISO -------- Scaling Law: Power vs. Morphing Range
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* 3.2 FIM for MIMO: Capacity vs. Morphing Range

o 4 Tx elements and 4 Rx elements

o L = 16 scattering clusters, each having 4 paths

o (i) Morphing range: 0.1A;
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< 3.2 FIM for MIMO: Multiplexing Gain

o 7 X7 MIMO Transmission, Tx-FIM, Rx-FIM

o Multiplexing Gain: FIM can improve channel gain of poor eigenchannels, thus supporting
more data transmission
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* 3.2 FIM for Mitigating Beam Squint

- FIM-Aided Wideband System -, Optimization Problem Gain Loss vs. Bandwidth
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<+ 3.2 FIM-Enhanced Channel Estimation

————————————— Compressed Sensing ------------- NMSE vs. Morphing Range
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3.2 FIM-Enhanced Wireless Sensing

------------ System Model -----------~ Transmit steering vector:

An FIM with N; elements
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* 3.2 FIM-Enhanced Wireless Sensing
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