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Introduction



RIS-Assisted wireless channel

How will it assist us? [1] Impact of RIS [2]



LC phase-shift principle

Feature’s comparison [3]
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Communication-theoretic modelling



Signal and channel model

yk =
(
hH

d ,k + hH
r ,k𝚪Ht

)
qks + nk , k = 1, . . . ,K ,

q ∈ CNt : beamforming vector,
s ∈ C: data symbol,
yk ∈ C: received signal vector at the kth UE,
nk ∈ C ∼ CN(0, 𝜎2

n ): additive white Gaussian noise (AWGN) at the kth UE,
𝚪 ∈ CN×N : diagonal matrix with main diagonal entries [𝚪]n = [𝛀]nej[𝝎 ]n .

H =

√︄
Kf

Kf + 1
HLOS +

√︄
1

Kf + 1
HnLOS,

where Kf denotes the K -factor and determines the relative power of the LOS component to
the non-LOS components of the channel. HLOS and HnLOS are given by

HLOS = c arx(𝚿rx)aH
tx(𝚿tx),

[HnLOS]n,m ∼ CN(0, 𝜎2
nLOS).



Experimental platform for LC-RISs

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.

Figure: Implementation of the LC-RIS [4].



LC phase shifter
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Δ𝜔max = 2𝜋lΔn𝜀

f
c
,

Δn𝜀
△
=
√
𝜀r ,∥ −

√
𝜀r ,⊥,

l is the phase-shifter length,
f is the frequency,
c is the speed of light.

𝜆 = c
f√𝜀r 𝜇r

, where 𝜆 denotes the wavelength
and the relative permeability 𝜇r of LC is
typically one [5].



Transition-Aware LC-RIS Phase-Shift Design



LC time response model

The Erickson-Leslie differential equation [6, 7]:

(K11 cos
2 𝜑 + K33 sin

2 𝜑)︸                          ︷︷                          ︸
K11

𝜕2𝜑
𝜕z2 + (K33 − K11) sin 𝜑 × cos 𝜑( 𝜕𝜑

𝜕z
)2︸                                    ︷︷                                    ︸

0
+𝜀0Δ𝜀E2 sin 𝜑 cos 𝜑 = 𝛾1( 𝜕𝜑𝜕t ).

𝛾1: The LC’s rotational viscosity,
K11 and K33: The LC splay and bend elastic constants, respectively,
𝜀0Δ𝜀E2: The electric field energy density,
𝜀0: Vacuum permittivity,
Δ𝜀: The LC dielectric anisotropy.



Solution to this equation

Assumptions:
1- K11 ≈ K33

2- sin 𝜑 cos 𝜑 ≈ 𝜑(1 − 𝜑2

2 ):

E = 0 : 𝜑(z, t) ≈ 𝜑0 sin
(
𝜋z
lg

)
exp

{
(− t

𝜏0
)
}
,

E ≠ 0 : Again exponential! [8, 9].

[𝝎(t)]n = [𝝎d]n + ([𝝎0]n − [𝝎d]n)e
−t

[𝝉c ]n .

Over-and undershooting technique:

[tr ]n = 𝜏+c ln (1 + [𝝎d]n − [𝝎0]n

𝜔max − [𝝎d]n
),

[tr ]n = 𝜏−c ln (1 + [𝝎0]n − [𝝎d]n

[𝝎d]n
).
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Problem formulation

P1: min
𝝎k ,qk , ∀k

K∑︁
k=1

∥ck ◦ Δ𝝎k ∥2
2

s.t. SNRk (W, qk) ≥ 𝛾thr
k , ∀k

0 ≤ [𝝎k]n < 𝜔max,∀n, k,

∥qk ∥2
2 ≤ Pt ,∀k.

Channel estimation
RIS configuration

Data transmission

K K K1 1 1

𝝎1 𝝎2 𝝎3 𝝎K

Beamformer design:

qk ≈
√

Pt

∥aBS(𝚿BS)∥
aBS(𝚿BS),

is valid when direct channel is blocked (hd ,k ≈ 0Nt ) and LOS link is dominant.



Proposed solution

RIS design:

P2: min
𝝎k , ∀k

K∑︁
k=1

∥ck ◦ Δ𝝎k ∥2
2

s.t. SNRk ≥ 𝛾thr
k , ∀k

0 ≤ [𝝎k]n < 2𝜋,∀n, k,

Δ𝝎k
△
=

{
𝝎k − 𝝎k−1, if k ≠ 1
𝝎1 − 𝝎K , if k = 1.

Lagrangian duality: L(W, 𝝀) △
=
∑K

k=1

(
∥ck ◦ Δ𝝎k ∥2

2 + 𝜆k
(
𝛾thr

k − SNRk (W, qk)
) )
,

The proposed decoupled dual problem:

P3: max
𝝀

min
W∈WN×K

K∑︁
k=1

N∑︁
n=1

Ln( [𝝎k]n, 𝜆k), Solved via an iterative algorithm (see [1])



Performance Comparison



Simulation results

0 20 40 60 80 100 120
0
2
4
6
8

10
12
14

𝛾thr

User 1 User 2

Reduction of time configuration

Time (ms)

SN
R

(d
B)

User 2 (Linear phase shifter) User 1 (Linear phase shifter)
User 2 (Proposed phase shifter) User 1 (Proposed phase shifter)

100 101 102
0

0.5
1

1.5
2

2.5
3

3.5
4

𝑇𝑠 (ms)

Eff
.d

at
a

ra
te

,𝑅
(bi

ts s
)

Proposed transition aware
Benchmark transition unaware



Conclusion and future works



Conclusion and future works

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.



References I

[1] Mohamadreza Delbari et al. “Fast Transition-Aware Reconfiguration of Liquid
Crystal-based RISs”. In: accepted for publication in ICC (2024).

[2] Vahid Jamali et al. “Impact of channel models on performance characterization of
RIS-assisted wireless systems”. In: 17th European Conference on Antennas and
Propagation (EuCAP). 2023, pp. 1–5.

[3] Alejandro Jiménez-Sáez et al. “Reconfigurable Intelligent Surfaces with Liquid
Crystal Technology: A Hardware Design and Communication Perspective”. In: arXiv
preprint arXiv:2308.03065 (2023).

[4] Robin Neuder et al. “Architecture for sub-100 ms liquid crystal reconfigurable
intelligent surface based on defected delay lines”. In: Communications Engineering
3.1 (2024), p. 70.

[5] Y Garbovskiy et al. “Liquid crystal phase shifters at millimeter wave frequencies”. In:
J. Applied Physics (2012).



References II

[6] Jerald L Ericksen. “Conservation laws for liquid crystals”. In: Transactions of the
Society of Rheology 5.1 (1961), pp. 23–34.

[7] Frank Matthews Leslie. “Some thermal effects in cholesteric liquid crystals”. In:
Proceedings of the Royal Society of London. Series A. Mathematical and Physical
Sciences 307.1490 (1968), pp. 359–372.

[8] E Jakeman and EP Raynes. “Electro-optic response times in liquid crystals”. In:
Physics Letters A 39.1 (1972), pp. 69–70.

[9] Haiying Wang. “Studies Of Liquid Crystal Response Time”. PhD thesis. 2005.



Thank you for your attention
Should you have any questions, please send me via email:

mohamadreza.delbari@tu-darmstadt.de

Link to the paper:

mohamadreza.delbari@tu-darmstadt.de
https://arxiv.org/pdf/2402.05469

	Introduction
	Reconfigurable intelligent surface (RIS)
	LC phase-shift principle

	Communication-theoretic modelling
	Signal and channel model
	LC phase shifter model

	Transition-Aware LC-RIS Phase-Shift Design
	LC time response model
	Transition-aware phase-shift design

	Performance Comparison
	Conclusion and future works
	References
	References
	

