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Abstract: This paper studies the throughput of intelligent omni-surfaces (I0S) when the source
recovers power from the sun and wind to broadcast packets to two users U; and U,. U; and
U, are located in the transmit and reflect spaces of IOS. The recovered power from the sun
depends on radiation intensity that has a Gaussian distribution. IOS is an excellent candidate for
6G communications as it offers significant performance enhancement. However, 10S using the
wind or the solar powers was not yet studied. The harvesting process is optimised to maximise
the throughput. 10S with 64 elements offers 48 dB gain.
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1 Introduction

IOS transmits packets to two users U, and U, in the reflect
and transmit spaces of I0S (El-Refay et al., 2023; Vinothini
et al.,, 2023; Zhang et al., 2022a, 2022b; Zhang and Di,
2022). I0S phases are optimised to maximise the SINR
and allow a large throughput (Xu et al., 2022; Zhang et al.,
2022c; Fang et al., 2022; Chen et al., 2022; Zeng et al.,
2022; Wang et al., 2022). Coding techniques for I0S were
presented in Zhang et al. (2022a). I0S for unmanned aerial
vehicles (UAV) systems was considered in Liu et al. (2022)
and Wang et al. (2021). Performance analysis of I0S was
presented in Cai et al. (2023), Benaya et al. (2023) and
Adhikary et al. (2023). IOS using NOMA was suggested in
Adhikary et al. (2023), Cai et al. (2021) and Zhang et al.
(2023, 2022b). The security of 6G wireless systems has
been improved using IOS in Asif et al. (2024). I0S using
cooperative beamforming has been suggested in Zhang
et al. (2024a). Spectrum sensing enhancement using I0S
has been proposed in Zhang et al. (2024b). The spectral
efficiency of IOS with channel estimation errors has been
studied in Li et al. (2024). The study takes into account
hardware impairments. IOS with energy harvesting using
solar, wind or radio frequency signals has not been yet
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studied and all previous results assume that the source has
a chargeable battery. I0OS using wind or solar energies was
not studied in El-Refay et al. (2023), Vinothini et al. (2023),
Zhang et al. (2022a, 2022b), Zhang and Di (2022), Xu et al.
(2022), Zhang et al. (2022c), Fang et al. (2022), Chen et al.
(2022), Zeng et al. (2022), Wang et al. (2022), Zhang et al.
(2022a), Liu et al. (2022), Wang et al. (2021), Cai et al.
(2023), Benaya et al. (2023), Adhikary et al. (2023), Cai
et al. (2021), Zhang et al. (2023), Zhang et al. (2022b),
Asif et al. (2024), Zhang et al. (2024a, 2024b) and Li et al.
(2024). In this article, we evaluate the throughput of 10S
when the source recovers power from wind and the sun
using a photo-voltaic (PV) system. We derive the SINR
statistics to deduce the throughput when the source uses
IOS and recovers power from wind signals and the sun.
IOS is an excellent candidate for 6G communications as it
offers significant performance enhancement. However, IOS
using the wind or the solar powers was not yet studied. The
harvesting process is optimised to maximise the throughput.
IOS with 64 elements offers 48 dB gain. Section 2 derives
the throughput when IOS uses both solar energy and
wind signals. Section 3 gives the results. Section 4 is the
conclusion.
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2 IO0S with solar and wind energy harvesting

In Figure 1, the source S recovers energy from wind and the
sun to broadcast a signal to two users U, and U;. An IOS
is from the source S and U,., U;. The transmit and reflect
coefficient are ! e/ and x7 el wit 0 < 9;‘;,9; <1 and
0<x" <1,0<xt <1 with (x2)?+ (x})?=1. U, and
U, are located respectively in the space of reflection and
transmission of 10S. The channel from S to n-th 10S is

= |fn|e??#n . The channel from n-th 10S and user U, for

—t s t2 = [t2 |7
The received signal at U, p = r, ¢ is written as

= Cp Z tanejeZ fnfﬂp
+ VEsCy Z t4x9e%% fox + n, (1)
n=1

where E, is the symbol energy, (, and (,» are power
coefficients for U, and U, with (,+(y =1 =z,
(respectively x,/) is U, symbol (respectively Up).

Figure 1 10S with wind and solar energy harvesting
(see online version for colours)
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The SINR at U, is
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I0S phase shift is
Oy = —¢r, — Pz “
The SINR at U, is
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attenuation and dxy is the distance between X and Y.
Let X}, = A2 and Y, = E, X, the CDF of +, is equal

where pla is the path loss

to

P (o) = By, (). 9

T

where Fy () is provided in Subsection 2.3.

2.1 Solar energy harvesting model

The recovered power P in S is written as

=nRI(t), ®)

with 0 <7 <1 and

Psolar

RI(t) = RI;(t) + RIa(t), )
where
Li(t) = {IMAX(gt —-3- %) = 0 otherwise (10)

I5(t) has a Gaussian distribution expressed as

1 — RL()]?
— exp <_[y 2A21( )] ) (11)

Let 0 < a < 1 be the harvesting time and 7" is frame length,
the recovered power during oI seconds is expressed as:

frI(y) =

Esolar _ CkTPSOlaT. (12)

The symbol energy E3°/%" obtained from sun is

olar  TsRI(t
E;olaT _ ( )CY’I] (13)
l1-—a
where T, is the symbol duration. The PDF of E$°l" is
_ 1 ly — M(t)]?
frsotar (y) = Voro? exp <_W ) (14)
with
RIi (t)anTs
M(t) = M (15)
l-«a
2 42 12..2
o2 = ATy (16)
(14+a? —2a)

2.2 Wind energy harvesting

The wind speed V' follows a Weibull distribution given by
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F=1 ke
frw)=(3)  ze @, (7)
where

p —1.086

k= () (18)
1

. n
CTTa+i) (19

o and p are the standard deviation and mean of wind
speed..
The CDF of V is

Fy(v)=1—e (" (20)

c is the wind strength at the and k is the peak value.
The recovered power P from wind is expressed as
(Vinothini et al., 2023)

Pwind — 0 5pAC?, (21)

where A = mr?, r is the rotor radius, C is a power
coefficient and p is the density of air.
The recovered energy at S during 7" seconds is

2

Ewind — OéTijnd. (22)

The symbol energy E¥"? recovered from wind at S is
written as

) Ewind aTPwind
wind __ _
Es T (1-a)T T (1-a)T
T, T,
TSPwind
— 0‘17 N (23)
—«
where
aTspAC
A= 24
2(1 — ) @4
The CDF of Evind js
Fguwina(z) = P(AV® < )
=1- e_(%)% el
—1_ e—(i?:,;xac))%ﬁ' (25)
The PDF of E¥" is equal to
k k
fopina(@) = 3Bt~ leP"? (26)

2(1—a) \ &
where 3 = (aégpz%)s x.

The total available symbol energy is the sum of energies

recovered from sun and wind
Es _ E;m',nd + E;olar (27)

As E¥nd and E$°l9" are independent, the PDF of E is
equal to

fB.(2) = (Fpsorer * fppina)(2),

where * is the convolution operator.

(28)
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2.3 Y, statistics
The variable Y}, is given by
Y, =E;X, (29)
where
X, = A2, (30)
We have (Li et al., 2024)
Fx,(y) = P(lAql < V)
—VY —ma
~ 0.5erfc| ———=
f ( V204,
VY —ma
- 0.5 e 31
erfc ( N (31
The CDF of the Y is:
o0 T
Foe) = [ gewr, (2)a
0
1 /+°° ( [yM(t)F)
~ exp|———%5—
2v2mo2 Jo 20
_\/E —my
Yy q
erfc| ——
f V2024,
1 /+°° ( [y—M(t)]2>
- exp | ———5
2v2mwo? Jo 20
Vi
erfc dy (32)

Yy
V204,

The packet error probability (PEP) is equal to (Xi et al.,
2011)
PEP;(a) < F, (W), (33)

where (Xi et al., 2011)

W:/O“‘”l
e o e

where L and M are packet and constellation size.
The throughput is

Thry(e) =1 —a][l — PEP,(«)]

> [1— ][l — B, (W)] (35)
The throughput is optimised as follows
Thry™ = Thrq(a). (36)

0<a<l1
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Figure 2 Throughput of hybrid energy harvesting for N = 8
(see online version for colours)
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Figure 3 Throughput of hybrid energy harvesting for N = 16

(see online version for colours)
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Figure 4 Throughput of hybrid energy harvesting for N = 32

(see online version for colours)
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Figure 5

Throughput of hybrid energy harvesting for N = 64

(see online version for colours)

0.9

0.8

o
o
T

Throughput in bit/s/Hz
=} =}
> Cd
T T

o
w

0.2

0.1

Wind+Solar Theory
4 O  Wind+Solar Sim
4 —— Solar Theory
; O Solar Sim
— — — Wind Theory

vV Wind Sim

-60 -40 -20 0 20
E,/N,(dB)

60

Figure 6 Throughput of IOS using wind and solar energies for
N =8, 16, 32, 64 (see online version for colours)
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Figure 7 Throughput of 10S using solar energy for N = 8§, 16,

32, 64 (see online version for colours)
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3 Numerical results

The used parameters are n = 0.2, 3 = 0.5, Ex =1, dg 05
= 1, dIOS’,Ut = 1, dIOS,UT = 1.5, dN,S = 0.5, L= 500, ple
=3,a=1, Inx =20 and ¢t = 12. The other parameters are
Gg=08=1-(y Tlff?ﬂl:%o

Figure 8 Throughput of I0S using wind for N = 8§, 16, 32, 64

(see online version for colours)
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Figures 2—5 show the throughput for ¢ = 12, o = 0.5 and
QPSK modulation and N = 8, 16, 32, 64. Hybrid energy
harvesting a higher throughput than using only the wind or
solar energy. Figures 6—8 show that IOS with 64 clements
allows 48 dB gain. These results are valid for both hybrid,
solar and wind energy harvesting.

4 Conclusions

In this article, we evaluated the throughput of 10S if the
source recovers power from the wind and the sun using
a PV system. The recovered power is used by the source
to broadcast data to users U, and U,. IOS phases were
optimised to maximise the SINR. IOS with 64 elements
allows 48 dB gain. As a perspective, we can study 10S
using non-orthogonal multiple access (NOMA). In fact,
NOMA will enhance the throughput of IOS since the
symbols of many users can be transmitted jointly using
optimised power coefficients.
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