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How will it assist us? [1] Impact of RIS [2]
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Varactor PIN Diode MEMS Switch MEMS Mirror LC
Tuning time ns ns us 100s of us > 10 ms
Tunability continuous discrete (1 bit/diode) discrete discrete continuous
Power consumption  medium medium low low low
Scalability low (cost per diode)  low (cost per diode)  medium (encapsulation) medium (cost per area) high
Frequency range few GHz mm-Wave mm-Wave THz > 10 GHz
Cost high high high high low

Feature’s comparison [3]

Resonant architecture

Delay-line architecture

2 models for LC phase shifter [3]



@ IEEE ICC’ CiiSoc | ®IEEE

Communication-theoretic modelling
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Yk = (hG +h TH)aks + e, k=1,....K,
q e CM: beamforming vector,
seC: data symbol,
yk € C: received signal vector at the kth UE,
ng € C~CN(0,02): additive white Gaussian noise (AWGN) at the kth UE,
I € CV*N: diagonal matrix with main diagonal entries [I'], = [Q],ell« .

’ Kt 1
H= HLOS HnLOS’
Kf +1 Kf +1

where Ky denotes the K-factor and determines the relative power of the LOS component to
the non-LOS components of the channel. H*95 and H™©S are given by

HLOS = Carx(Trx)ag(‘Ptx)
[H"95], m ~ CN (0, 07 og)-
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Fig. (a): Side view of the measurement setup with a picture of the RIS embedded in its
supporting structure.
Fig. (b): Top view of the measurement setup.

Fig. (c): Heat maps, illustrating the measured normalized broadband response of the RIS for
desired steering angles between -60° to -20°, and 20° to 60°, respectively.
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Figure: Implementation of the LC-RIS [4].
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AWmax = 27r/Ang£,
c

Lowest permittivity Highest permittivity

Er —ii  —E € A
ot o Tg'” Ang = VEer, | — Vér, L,

I is the phase-shifter length,

N o . E)‘(pcrimcnta‘l results f is the frequency’

° — Fitted function . .
100 c is the speed of light.
" A= S where 1d he wavelength
“ = e w‘ ere enotf:s't e wave engt‘

and the relative permeability u, of LC is
25 .
_______ typically one [5].
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Transition-Aware LC-RIS Phase-Shift Design
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The Erickson-Leslie differential equation [6, 7]:

(K11 cos? ¢ + Kag sin® ) 2 T +(K33—K11)Sln90><C0590(—)2

Ki1

0

+eoAeE? sin p cos ¢ = 71( )

Y-

K11 and K332

eoAeE?:
£0-
Ae:

The LC’s rotational viscosity,

The LC splay and bend elastic constants, respectively,
The electric field energy density,

Vacuum permittivity,

The LC dielectric anisotropy.



Assumptions:

1- K11 ~ Ks ,

2-sinpcosg ~ (1 — %)

E=0: o¢(z,t) = ¢ sm( )exp{(—r—o)}
E #0: Again exponential! [8, 9].

[w(D)]n = [wd]n + ([wo]n - [wd]n)eﬁ,

Over-and undershooting technique:

[wg]n — [wO]n)

tln=1In(1+
[ r]n ¢ ( Wmax — [wd]n

[woln — [wq]n

[wq]n

[tln=7In(1+
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Analytical model
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Experimental result of an LC phase shifter

response time (green points) [4, Fig. 4a],
analytical model (red line).
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Pl: m|n ZHCKOAwk”z

Wk, Yk,

s.t. SNRk(W, ax) =y, vk

o S [wk]n < wmax, Vna k7

Il < Pr Vi ~_ “

Beamformer design:

VB,
llaps (¥ss)l

is valid when direct channel is blocked (hg x = Oy,) and LOS link is dominant.

dk ~ ags(¥ss),
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RIS design:

Awk =

. H 2 _ .
P2: a)T,IQk Z llck o Awk||2 A Wk —wg_1, ifk#1
= w{ — WK, if k=1.

s.t. SNRy >y, Wk
0 < [wk]n < 27,Vn, Kk,

Lagrangian duality: L(W, Q) = Z,’fﬂ (llck o Awgl|5 + Ak (y;(hr — SNRg (W, qk))),

The proposed decoupled dual problem:

K N
P3: mfxwer’%i/r)vx,{ ; ; Lo([wk]n, k), Solved via an iterative algorithm (see [1])



«IEEESOC ‘ &IEEE

Performance Comparison




CLEEE
IEEE 1CC’ mSoc

Qv

its
=)
(98]

)
S = o W A

Eff. data rate, R (b

——— User 2 (Linear phase shifter) —+— User I (Lincar phase shifter)
—— User 2 (Proposed phase shifter) —e— User 1 (Proposed phase shifter)
I . S T n I . S——— T
P e e e To—

2 4 1 12
0 0 0 . 60 80 00 0 To! 102
ime (ms) T, (ms)

—o— Proposed transition aware
—a— Benchmark transition unaware

(=}

K User 1 }( User 2 b

—_
(=}
=]



IEEE 1CC’

|EEE
ComSoc

Conclusion and future works

OIEEE




CLEEE
IEEE 1CC’ mSoc

Qv

Conclusion
Extremely large RISs (ELRISs) are required.
Despite being good candidates to implement ELRISs, LC’s response time is slower
than other technologies.
We have reduced the effect of this disadvantage in the TDMA application.

Future works
LC-RISs’ performance diminishes if changes in temperature and frequency are neglected.
These problems should be investigated.
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