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Abstract—Terahertz (THz) communication is expected to be a
key technology for future sixth-generation (6G) wireless networks.
Furthermore, reconfigurable intelligent surfaces (RIS) have been
proposed to modify the wireless propagation environment and
enhance system performance. Given the sensitivity to blockages
and limited coverage range, RIS is particularly promising for
THz communications. Active RIS can overcome the multiplicative
fading effect in RIS-aided communications. In this paper, we
explore active RIS-assisted THz communications. We formulate
the ergodic rate, considering factors associated with active RIS,
including active noise and signal amplification, and THz signals,
including molecular absorption and beam misalignment.

Index Terms—THz, Active RIS, signal amplification, molecular
absorption, beam misalignment.

I. INTRODUCTION

Terahertz (THz) communication leverages frequencies in the
range of 0.1 to 10 THz, offering ultra-wide bandwidth and high-
speed data transmission. Nonetheless, THz signals encounter
severe energy absorption and increased path loss, primarily
due to molecular absorption caused by their short wavelengths.
Moreover, the directional nature of THz antennas poses another
significant challenge, namely, beam misalignment [1].

Reconfigurable intelligent surfaces (RIS) have emerged as
an enabling technology in 6G networks due to their ability
to actively reshape wireless environments [2]. Through the
manipulation of low-cost passive reflecting elements, RIS in-
troduces additional cascaded channels alongside the direct link,
effectively enhancing communication performance. Compared
to active relays, RIS offers significant advantages including
lower energy consumption, flexible deployment, minimal noise,
and cost-effectiveness. In RIS-aided communications, the path
loss of the cascaded channel is the product of the path losses
from the BS-RIS and RIS-user links. This multiplicative fading
phenomenon reduces the capacity gain provided by the RISs
and constrains their practical applications. To address this chal-
lenge, active RIS has been proposed, which involves integrating
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Fig. 1. System model of the active RIS-assisted THz communications.

a power amplifier within each RIS element. Active RIS ampli-
fies the reflected signal, thereby mitigating the multiplicative
path loss effect and bolstering communication performance [3].

A. Motivation

The consideration of molecular absorption and beam mis-
alignment in THz communications, along with signal am-
plification and active noise for active RIS, is essential for
accurately predicting signal behavior and optimizing system
design parameters. However, further investigation for analytical
modeling incorporating these key factors in active-RIS-aided
THz communications is required.

B. Contribution

In this paper, we explore active RIS-assisted THz commu-
nications, formulating the ergodic rate while considering key
factors such as active noise, signal amplification, path loss,
molecular absorption, and beam misalignment.

II. SYSTEM MODEL

We examine a scenario involving a THz communication
system aided by a RIS, assuming the direct link between the
base station (BS) and the user U is obstructed. The BS employs
an RIS with M elements to establish communication with U .
Given the substantial path loss in THz communications due to
molecular absorption and beam misalignment, the signal power



reflected multiple times by the RIS is assumed negligible.
The fading channel coefficients between the BS and RIS, and
between the RIS and U , denoted as fm and gm respectively,
follow complex Gaussian distributions [4].

A. Path Gain Coefficient

The path gain coefficient can be evaluated as hL = hPhA,
where hp is the propagation gain and hA is the molecular
absorption gain. We can express hP as follow:

hP =
c2
√
GaGb

(4πf)
2
dadb

(1)

where Ga and Gb denote the antenna gains, c is the speed of
light, f represents the frequency, and da and db indicate the
BS-RIS distance and RIS-U distance, respectively.

Furthermore, hA can be calculated as,

hA = exp

(
−κ(f) (da + db)

2

)
(2)

where κ(f) denotes the molecular absorption coefficient [1].

B. Beam Misalignment Coefficient

Let hM represent the beam misalignment with its probability
density functions (PDFs) is written as [1],

fhM
(x) = ζϕ−ζxζ−1, 0 ≤ x ≤ ϕ, (3)

where ϕ = (erf(s))2 is the power captured by U under perfect
alignment conditions. ζ = v2

4σ2 ; v is the beam-width and σ2 is
the variance of the beam misalignment. Moreover, erf(·) is the
error function. s =

√
π
2

r
u ; r is the radius of the U ’s effective

area and u is the BS’s beam footprint.

III. PERFORMANCE ANALYSIS

The received signal at U is given by,

y =
√

PshLhM

M∑
m=1

fmgmβejθmx+ βnr + nu (4)

where θm is the induced phase for the mth element, β is the
amplification factor for each element (which may exceed one
for the active RIS), x represents the transmitted signal from
the BS, Ps is the transmission power, and nr and nu are the
thermal noises at the active RIS and U , respectively.

The ergodic capacity of U can be expressed as,

Cu =
1

ln 2

∫ ∞

0

1− Fγ(s)

1 + s
ds (5)

where γ is the SNR at U , which can be expressed as,

γ = ρsh
2
Lβ

2|hM |2
(

M∑
m=1

|fm||gm|

)2

(6)

where ρs =
Ps

β2σ2
r+σ2

u
.

To determine Eq. 5, we utilize the cumulative distribution

function (CDF) of χ =
(∑M

m=1 |fm||gm|
)2

, denoted as Fχ(s).
Using the moment matching technique, χ can be approximated
by a Gamma distribution with shape parameter k, and scale
parameter ω. Thus, the CDF Fχ(s) can be written as,

Fχ(s) = 1−
γ
(
k, s

ω

)
Γ(k)

(7)

where k = (E{χ})2
V{χ} , and ω = V{χ}

E{χ} .
Assuming |fm| and |gm| follow a Rayleigh distribution, the

statistical values can be calculated as: E
{∑M
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}
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Finally, the conditional CDF of Fγ can be expressed as,

Fγ(s|x) = 1− 1

Γ(k)
γ

(
k,

s

ρsh2
Lx

2ω

)
(8)

The unconditional CDF of Fγ can be written as,

Fγ(s) = 1−
∫ ϕ

0

ζxζ−1

ϕζΓ(k)
γ

(
k,

s

ρsh2
Lx

2ω

)
dx (9)

These equations can then solve for the ergodic capacity of
U as detailed in Eq. 5.

IV. CONCLUSION

Active RISs have shown great potential for enhancing THz
communications by addressing the challenges associated with
THz signals, including limited coverage range and severe
losses, as well as the multiplicative fading effect in traditional
RIS communications. In our study, we investigate the use of
active RISs for THz communications and develop an analytical
framework for the ergodic rate, taking into account aspects
of active RISs, such as active noise and signal amplification.
Additionally, we consider factors related to THz signals, such
as molecular absorption and beam misalignment.
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