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Introduction
Motivation

Demands:
Higher data rates and capacity are
required in modern communication
systems (e.g., 5G, 6G).
To provide higher data rates,
expanding available bandwidth
through increased frequency is
essential.

Time XG Aim Data rate
1979 1G Voice 2 - 3 kbps
1991 2G SMS 20 - 40 kbps
1998 3G Data 0.5 - 3 Mbps
2009 4G Streaming 20 – 100 Mbps
2019 5G Sensing 100 – 400 Mbps
2030 6G Intelligence 1 – 10 Gbps
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Introduction
RIS implementation

Comparison of technologies used for the realization of RIS [1].

The arrangement of thermotropic LC molecules [2].

[1] Alejandro Jiménez-Sáez et al. “RISs with LC Technology: A Hardware Design and Communication Perspective”. In: arXiv:2308.03065 (2023).
llll[2] Guillermo Blanco-Fernández et al. “Lipidic lyotropic LCs: Insights on biomedical applications”. In: Adv. in Colloid and Interface Sci. 313 (2023), p. 102867.
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∆ωmax = 2πl(
√
εr,∥ −

√
εr,⊥)

f
c
,

∆ωmax(T) = 2π
( Tc − T

Tc − Tr

)β
.

Tr: Reference temperature,
T: Current temperature,
Tc: Clearing temperature
β: A physical constant parameter.
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Figure: The relationship between phase shift
and applied voltage for an LC at different
temperatures is depicted. The experimental
data is taken from [3, 4].

[3] Robin Neuder et al. “Architecture for sub-100 ms LC RIS based on defected delay lines”. In: Commun. Eng. 3.1 (2024), p. 70.
llll[4] Henning Tesmer et al. “Temperature characterization of LC dielectric image line phase shifter for mm-Wave applications”. In: Crystals 11.1 (2021), p. 63.
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Figure: A schematic of a wireless channel
model where an BS serves a legitimate user
via an RIS trying to decrease the received
signal by an eavesdropper.

SR = [log(1 + SNRu)− log(1 + SNRe)]
+,

SNRu =
|(heff

u )Hq|2
σ2

n
,

SNRe =
|(heff

e )Hq|2
σ2

n
,

where (heff
g )H, g = {u, e} is the

end-to-end channel from the BS to the
legitimate user and eavesdropper, q is
the BS beamforming signal, and σ2

n is the
noise power.

Our goal is to maximize the secure rate (SR)
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Problem formulation
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Figure: Pu and Pe are the green and red
areas, respectively.

P1: max
ω,q,α

α

s.t. C1: SR ≥ α, ∀pu ∈ Pu, ∀pe ∈ Pe

C2: 0 ≤ [ω]n < ωmax,∀n,

C3: ∥q∥2
2 ≤ Pt.

α is an auxiliary variable and describes
the worst case for the secure rate.

Alternative optimization on BS and RIS
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Temperature-aware LC-RIS phase-shift design
Beamformer design

1-Beamformer design:

P2: max
q,α

α

s.t. C1: SR ≥ α, ∀pu ∈ Pu, ∀pe ∈ Pe,

C3: ∥q∥2
2 ≤ Pt.

Lemma
Assuming a dominant LOS link, fixed RIS
phase shifts, and blocked direct channels
for both the legitimate user and the
eavesdropper, the optimal beamformer
for P2 is given by q =

√
PtaBS(pRIS).

Proof.
The proof is provided in [5,
Lemma 1].

[5] Mohamadreza Delbari et al. “Temperature-Aware Phase-shift Design of LC-RIS for Secure Communication”. In: arXiv: 2411.12342 (2025).
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RIS design

2-RIS design:

P3: max
ω,α

α

s.t. C1: SR ≥ α, ∀pu ∈ Pu, ∀pe ∈ Pe

C2: 0 ≤ [ω]n < ωmax,∀n.

s △
= [ej[ω]1 , · · · , ej[ω]N ]T,

S △
= ssH,

Ag =
diag(hH

r,g)HtqqHHH
t diag(hr,g)

σ2
n

, g = {u, e},

α
△
= log(γ).

Ĉ1 : (1 − γ) + sH (Au(pu)− γAe(pe))︸ ︷︷ ︸
A(γ)

s ≥ 0, ∀pu ∈ Pu, ∀pe ∈ Pe.
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P4: max
S,γ

γ

s.t. ̂̂C1 : tr(A(γ)S) ≥ γ − 1,∀pu ∈ Pu, ∀pe ∈ Pe,

C2: 0 ≤ [ω]n < ωmax, ∀n,
C3: S ⪰ 0,C4: rank(S) = 1,C5: diag(S) = 1N .

̂̂C1: Convex,
C2: Non-convex,
C3: Convex
C4: Non-convex,
C5: Convex.
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C4: rank(S) = 1 [6]

P5: max
S,γ

γ − η(i)
(
∥S∥∗ − ∥S(i)∥2 − tr

(
λmax(S(i))

× λH
max(S(i))(S − S(i))

))
s.t. ̂̂C1,C2, C3, C5.

i: Denoting ith iteration,
∥S∥∗ =

∑
j σj: Nuclear norm,

∥S∥2 = maxj σj: Spectral norm,
σj, ∀j: Singular values of S,
λmax(S): Eigenvector associated with the maximum eigenvalue of matrix S.

[6] Xianghao Yu et al. “Power-Efficient Resource Allocation for Multiuser MISO Systems via IRS”. In: Globecom. 2020, pp. 1–6. doi:
10.1109/GLOBECOM42002.2020.9348054.
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C2: 0 ≤ [ω]n < ωmax,∀n [5]
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[S]n,i) + tan
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2
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[S]n,i) ≤ 1,∀n,

where Re(·) and Im(·) denote the real and imaginary parts, respectively.
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Lemma
Let us assume ωn is uniformly distributed
in interval [0, ωmax]. For sufficiently large
N, matrix S that satisfies the constraints
C2-C5, also satisfies:

N∑
i=1

[S]n,i = ej[ω]n N(1 − e−jωmax)

jωmax︸ ︷︷ ︸
ζ−1

,∀n.

Proof.
The proof is provided in [5, Lemma 2]

Lemma
The constraint 0 ≤ [ω]n ≤ ωmax, where
π < ωmax < 2π, is equivalent to
Re([s]n) + tan

(
ωmax

2
)
Im([s]n) ≤ 1.

Proof.
The proof is provided in [5,
Lemma 3].

[5] Mohamadreza Delbari et al. “Temperature-Aware Phase-shift Design of LC-RIS for Secure Communication”. In: arXiv: 2411.12342 (2025).
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Parameter Value
Frequency 28 GHz
Bandwidth 20 MHz
Transmission Power 40 dBm
BS Antennas (x − z axes) 4 × 4
RIS Elements (y − z axes) 20 × 10
Channel Model Ricean
Path Loss Model ρ( 1

d )
σ

Noise Level -95 dBm
Direct Blockage - 40 dB
β 0.25
Tc 127◦C
Tr 17◦C
T 57◦C
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Conclusion and future works

Conclusion
We need higher frequencies and LCs are one potential way for implementation.
Despite being good candidates to implement RISs, LC’s are sensitive to the
temperature.
We have optimized LC-RIS phase shifts in the secure communication scenario
when the temperature is not ideal.

Future works
Multi-user/eavesdropper case.
Developing a new algorithm with less complexity.
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