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Abstract

In this article, we present a downlink cooperative non-orthogonal multiple access
(NOMA) network using Reconfigurable Intelligence Surfaces (RIS)-Aided with the
decode-and-forward relay. RIS is fitted with a finite number of elements under Rayleigh's
fading channels. The scenario is made by user’s relaying without the direct link for near
and far users and is addressed in depth. We carefully derive analytical expresses of the
probability of loss for several users as the key success metrics. Also, we measure the
closed-form expression of coverage likelihood only as a function of statistical channel
information. Simulation results are used to verify empirical terms. Diversity of user
orders is accomplished in the high signal-to-noise region. Numerical data are provided to
verify the feasibility of the proposed RIS-assisted NOMA transmission strategies.

1 Introduction

In traditional wireless communication systems, the propagation medium has been considered as an
entity that behaves randomly between transmitter and receiver, in which a decrease in the quality of the
received signal due to the uncontrolled interaction of transmitted radio waves with surrounding objects
is inevitable. The recent presence of reconfigurable smart surfaces (RIS) in wireless communications
makes it possible to expand the coverage, by controlling the characteristics of radio waves (scattering,
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reflecting, and refraction) to eliminate the negative effects of natural wireless propagation by network
operators.

The challenging criteria and possible new usage cases for future 6th generation (6G) and beyond
cellular networks that contribute to the future of mobile connectivity look promising. The idea of a
reconfigurable smart surfaces is evolving rapidly as a crucial approach to meet the need for huge
networking, powered largely by the future Internet of Things (IoT) (Jung, 2019). After the advent of
the modern age of wireless communication, the means of transmission has been viewed as a random
entity between the transmitter and the receiver, which degrades the efficiency of the obtained signal due
to the uncontrollable interference of the transmitting radio waves with the surrounding objects (Basar,
2019). Reconfigurable Intelligence Surface (RIS), which are man-made surface of electromagnetic
(EM) material that are electronically controlled with integrated electronics, have received considerable
attention due to their unique wireless communication capabilities. The key benefit of RISs is their ability
to monitor the transmitting environment and enhance the signal efficiency of the receiver, and thus they
can be thought of as allowing environments to be turned into smart ones. Compared to wireless relay
technologies, RIS does not require external energy sources and can form wireless signals by soft
programming (Yang, 2020). The RIS consists of a huge number of almost passive modules with ultra-
low power consumption. Each unit is capable of electronically regulating the phase of the
electromagnetic wave event. It achieves this with unnatural properties, including negative refraction,
perfect absorption, and anomalous reflection (Dai, 2020) The most advantage of RIS is its artificial
planar passive radio array solution, which is highly versatile in terms of cost-effectiveness and energy
usage. In specific, by applying an individual phase change to the incident signal, the IRS-adjusted
cellular systems reconfigure each passive factor in RIS to vary the channels between the base station
(BS) and mobile users constructively or destructively (Hemanth, 2020).

In principle, the electrical size of the unit reflecting elements (i.e., meta-atoms) deployed on RIS is
between A/8 and A/4, where A is a wavelength of radio frequency (RF) signal (Cui, 2017). Note that
conventional large antenna-array systems, such as a massive multiple-input and multiple-output
(MIMO) and MIMO relay system, typically require antenna spacing of greater than A/2. As a result,
RIS can provide more efficient and space-intensive communications than traditional antenna array
systems, as clearly described in (Jung, 2019). In addition, a large number of reflecting components can
be arranged on each RIS, thereby providing precise control of the reflecting wave and enabling it to be
coordinated coherently with the desired channel.

The problem in this study is whether the outage probability in RIS-aided wireless has a better
performance than the conventional wireless communication model for two users of a signal transmitted
by a base station where the analysis carried out in this study is limited to the outages probability without
a direct link to rely on. It is to prove whether using RIS-aided wireless can replace conventional relay
systems to resolve the attenuation of the signal transmitted by a base station after being received by a
receiver. In this case, we use two receivers, such that near the receiver and far receiver. For that purpose,
we conduct experiments by making a mathematical model related to the outage probability performance
of each receiver, both near and far from the base station, so that the outage probability performance can
be compared.

This paper organized as follows. In Section 1, what is RIS and the motivation for this research are
introduced. Section 2 presents the related works of this research. In this section 3, our research approach
explains how the system model is used and performance analysis through a mathematical approach in
order to obtain a mathematical equation plotted in the Cartesian field. Section 4 explains the plot results
of the equations obtained and then has a discussion. Finally, we conclude this study in Section 5.
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2 Related Works

In the previous analysis, examine the asymptotic efficiency of IRS passive beamforming with an
exponentially large number of reflective elements and equate it to that of conventional active
beamforming/relaying. Simulation results show that the IRS-assisted MIMO system can achieve the
same efficiency as the benchmark large MIMO system without the use of IRS, but with greatly reduced
active antennas/RF chains. We also draw valuable insights into the optimum implementation of IRS in
future wireless networks (Wu, 2019).

Owing to these advantages, the use of an RIS in wireless communication systems has recently
received significant attention as in (Tang, 2020). An RIS is typically used for two main wireless
communication purposes: a) RIS as an RF chain-free transmitter and b) RIS as a passive beamformer
that amplifies the incident waveform (received from a BS) and reflects it to the desired user. In [2], the
authors analyzed the error rate performance of a phase-shift keying (PSK) signaling and proved that an
RIS transmitter equipped with a large number of reflecting elements can convey information with high
reliability. The works in (Tang, W. et al, 2019) and (Tang, W., et al. 2018) proposed RF chain-free
transmitter architectures enabled by an RIS that can support PSK and quadrature amplitude modulation
(QAM). Meanwhile, the joint active and passive beamformers built in (Q. Wu and R. Zhang, 2018)
have been designed to reduce transmission power at BS, under discrete and continuous phase changes,
respectively. Also, in (Han, Y., et al, 2018) and (Huang C. et al, 2018), the authors developed a passive
beamformer that optimizes ergodic data rate and energy consumption. In addition, the study in (Basar
E., etal, 2019) theoretically studied the average symbol error rate (SER) resulting from the ideal passive
beamformer and showed that the SER decays exponentially as the number of reflective elements on the
RIS increases.

Being a new technology, RIS for applications in wireless communication systems have been
recently studied in (Q. Wu, and R. Zhang, 2020); (Bi, S., et al, 2015); (Huang, C. et al. 2019); (Pradhan,
C. etal., 2020). For example, the authors of (Q. Wu, and R. Zhang, 2020) proposed using RIS to realize
massive device-to-device (D2D) communications where each RIS acts as a signal reflection hub to
support simultaneous low-power transmissions through interference mitigation.

It should be remembered that RISs are distinct from other and at first glance, similar systems
commonly used in wireless networks, such as relaying, MIMO beam forming, and backscatter
communications. Information will be given in the sequence, but it is appropriate to state that the RISs
have the following distinguishable features (Basar E., et al. 2019): a) They are nearly passive, and,
ideally, they do not need any dedicated energy source, b) They are viewed as a contiguous surface, and,
ideally, any point can shape the wave impinging upon it (soft programming), ¢) They are not affected
by receiver noise, since, ideally, they do not need analog-to-digital/digital-to-analog converters (ADCs
and DACs), and power amplifiers. As a result, they do not amplify nor introduce noise when reflecting
the signals and provide an inherently full-duplex transmission, 4) They have full-band response, since,
ideally, they can work at any operating frequency, 5) They can be easily deployed, e.g., on the facades
of buildings, ceilings of factories and indoor spaces, human clothing, etc.

In contrast to the above studies, the main contribution of this proposed study is to present an RIS
assisted wireless system by comparing the use of RIS assisted wireless in near users and far users which
is better than conventional relays which is focused on:

e  System without direct link influence from Base Station (BS)

e Consideration of perfect Channel State Information (pCSI) on propagation.

e Obtain the outage probability equation for each condition using a wireless system assisted by
RIS as a conventional reflector, relay and relay.

¢ Knowing the performance of using RIS assisted wireless for users near and far.
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3 Methods
3.1 System Model

We supposed the system model is depicted in the figure. 1. The transmitted signal, s(t) from the
Base Station (BS) is intended to the two users, U1 (Near User) and U, (Far User).

hy gzt

(o)

(U2)
Near User

Base (1)

Station

Figure 1. The System Mode

Because the system using NOMA (Non Orthogonal Multiple Acces), the transmitted signal, s is
superimposed of the x,(t) and x,(t) that are targeted to Near User (Ul) and Far User (U2)
respectively stand for the data symbol selected modulation (PSK/QAM) constellation. We use the
symbols of a,and a, is the power level of the signal x, (t) and x, (t) respectively

S= |a1Psx1 + |a;Psx, 1)
And the received signal by the near user, U1 from S is:
Ysu1 = [hD1 + hfl‘bgn](\/ aiPsxy + azPsz) +ny; 2

= [hp, + Tiey R gy ]| (Var Poxy + JazPoxy) + nyy
= [a Xio1 by gue?® + hp | (Vaur Poxy + \JaaPoxy) + gy
= [((Ip,| + &) + (Bralful 1wl + )] (VearPoxs + JazPoxz) +
ysur = ((|h,| + ex) (VarBoxy + azBxz) ) + ((Bhoal bl 190l + ) (Var By + YazPcz)) +nur - (3)

Similar above, the received signal by the far user, U2 from S is:

Ysuz2 = [(|E02| + ez)(\/ a;Pex; + aZPsxz) itz (Zf=1lﬁl| [G21] + eé)(\/ a;Pexy + azPsxz)] + ny» 4)
And the received signal by the far user, U, from U; :
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Yuiuz = [hDg] \/Frxz + Ny, = [|E03| + es] \/Frxz + Ny2 (5)
Where, a;and a, is the level power of the signal x; and x,respectively and P is the signal power of
transmitted signal and B. is the signal power of the transmission power at U;. x;and x, stand for the
data symbol selected modulation (PSK/QAM) constellation. n;, and n;, are AWGN at U; and Uy,
respectively with n~CN (0, Ny) is the Additive White Gaussian Noise (AWGN) that is modeled as a
zero-mean complex Gaussian distribution with variance, Ny. dgy,, dsg, and dgy, are the distances for
BS — Uy, S — RIS, and RIS — U,. x is the path loss exponent, then hy, , h; and g4, is fading coefficient
that is represented by a Complex Gaussian Random Variables (RV) with zero mean and unit variance.
¢, is the adjustable phase applied by the [-th reflecting element of RIS. 1 is the relative channel
estimation error. g is the expected value, and the a € (0,1] is the amplitude reflection coefficient with
a = 1 corresponding to lossless reflection.

3.2 Performance Analysis

According to figure 1, we divide the model become two parts, i.e Near User (U1) and Far User (U>).
At the Near user, U;. Based on the assumption of power allocation coefficients, the signal of U2 is
decoded firstly by exploiting successive interference cancellation from the received superposed signal
at U1, where U2 with more transmit power has less the inter-user interference. The received signal to
interference and noise ratio (SINR) for U1 to decode signal x2 of U2 can be expressed as

o 2 B
p = |ZIL=1|hl||£711|| a2p5+|hD1|20{2ps ©
UinU; = — - = _
1-U2 <|h[)1|2+ |Z%=1|hl||§1l|| )a1p5+n1(dsul) Hp5+772L(dSR)_”(dRU1) ”P5+1
- B o
(|Z%=1|hl||§1l|| +|hD1|2)a2pS
Pu,u, =

1 Z = 3
(|h131|2+ |ZIL:1|’11||§11|| )(l1ps+fl1(d5u1) * ps+m2L(dsr )" *(dru,) ¥ pst+1

Where, p, = S—S is the transmit signal to noise ratio (SNR).
0

(|Z%=1|El||§1l||2+||ﬁD1||2)a1Ps (7)
ﬂl(dSUl)_Xps'H'IzL(dSR) ”(dRul)_uPs"'l
and we define, X; + e{ = |Xi, A%} d)gu| +|hD1| + e, then its mean is obtained by the independence
of channels as :
- ~ 2 L fHae A2
E{X} = E{|hD| } u E{lZl:l hi' @G| } = Bsy + LBsrBru
Which is obtained due to circular symmetric properties.
PN ~ s 2

E{J2} = B{|lAl" + |2k A og ] ]
E{|%]’} = {||hD + hphfiog, + hogl @Mk, + |l g, | }
{ 2| }=1E{|a+b+c+d| }
E{|%|"} = E(lal?} + E(IbI?} + E{|cI?} + 2E{ad} + E{|d|?}
Where;

E{la|?} = 2[352111 s E{|b|?} = E{|c|*} = LBsyBsrBru ; E{ad} = LBsyPsrBry: and

E{|d|2}2: (2L% + 2L)BEy By

E {|XA1| } = 2Béy + 4LPBsyPsrPru + 2L* + 2L)BiyBér

var{£,} = E{|%.|"} - [E{£.}|" = B2 + 2LBsuBsnfru + (L2 + 2L)f2fy

_ (E{xp)? _ (Bsu+LBsrBrU)? _ (Bsu+LBsrBrU)?
T Var(®) ~ BZy+2LBsuBsrBru+UP+2L)BpBRy | (Bsu+LBsrBRu)2+2LB2pBRy

Puiy, =
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_ Var{X} (ﬁsu+Lb’SRﬂRu)2+2LﬁsRﬂRU = By + LBsrf, 28%rBEy
E{{)} Bsu+LBsrBRU i srPru + Bsu+LBsrBrRU
Similar above, if:

X1+91 |Zl 1h CD911| +|hD | +e1
E {|X1 } = (BSU1 + 771(dsul) ) + L(Bsg + 12(dsg )™ )(,BRU1 + 773(dRU1)_”)

_(E(| + o))’
Var(X, +e;)

1
B ((fgsu1 +m (dsul)in) + L(Bsg + 12 (dsg )_M)(ﬁku1 + 773(dRu1)7K))2
((ﬁsu1 +m (dsul)in) + L(Bsg + 12 (dsg )7”)(ﬁRU1 +13 (dkul)ix))z + 2L(Bsg + 1, (dSR)in)Z(ﬁRUI +13 (dkul)ﬂ)z
9, = V;{T)({if:j’ll}) (Bsu1 +M (dsul) ) + L(Bsg + 12(dsg )™) (ﬁRUl + Ua(dRul) ) +

2L(Bsr+n2(dsr)7)? (ﬁRU1+173(‘1Ru1) )
(ﬁslil+771(dSU1)_%)+L(BSR+TIZ(dSR )_”)(ﬁRuﬁle(del)_u)

Now, we consider the network coverage probability, defined for either an arbitrary or optimal phase

shift as follows.
- _ 1) __ AipThn, _ Miprh, _
By Settlng’ pThl - Ps i = (arps) ' 2= (‘12—051PTh2)Ps ' and Al N

ni(dsg)ps + Lno (dsi)ps-n3(drl, )ps + 1,8, = 1,—11 where, @, > a1pry, , then

F(my) = [,"y™.e™ dy andy(my,y) = [ y™ e Vdy; T(my) = (my — 1)!
L

And, y(my,y) = (my — D11 - e T (3]

(2R2_

2R1q
% and  prp, =

()

i

r(my) = (my = D, and y (my, ) = (my = 1! [1 TS Vi

= m1 1 yl l

W) mmo-e s ()| o ()

= fd — 19 15 AL Ca

Thus, Py, ) D =1l-e 12 n

In this case:
Py, =1—Pr(X >1,,X > 1)
Py, =1—PB.(X > max(t,,7,) )
()
Py, =1~ (e_ﬂ Zﬁlﬂ_l%)

-61T Zml il (5;‘!’5)] (8)

—1—e

At the far user, U2 only needs to treat signal x; of U1 as noise to decode its own signal. The received
SINR for U2 to decode its own signal X is given by

“th| +|Zl 1|hl||gzl|| |a2ps

)

P1ru
2 [1noa P+ ks matlgad [ Jesperna(a) pst

The received SINR for U2 to decode signal x2 for relaying link is given by
2
||hD3|| p

173(du)_ﬁp+1
The received SINR after selection combining (SC) at U2 is given by

Pu, =
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s |inosl’p 1, [+ S Irullganl| @2
Uz 713(d,4)_%p+1 ||’102|+ Zf=1|hl||.921||20‘1Ps+712(du)_”ﬂs+1
(10)

In the first scenario, the outage events of U2 occur if one of the following two events is satisfied.
The first event is that U1 fails to decode the signal x2. The second event is that U2 fails to decode its
own signal x2 when U1 can successfully decode the signal x.. Based on the above events, the outage
probability of U2 can be expressed as follows:

Py, Nopir = Pr(pl,Uz < pThz) + Pr(PZ,U2 < PThy Pru, = pThz)

If, X, = |ﬁ§’l¢§21|2+|ﬁD2|2, then its mean is obtained by the independence of channels as :

5 ~ 2 ~ ~ 12

E{Xz} =E {|h02| } +E {|hﬁ®gzz| } = Bsu, + LBsrBru,

The using the similar steps above, it can be obtained Which is obtained due to circular symmetric
properties.

E{|)?2|2} = 2%y, + 4LPBsy,BsrBru, + (2L* + 2L) Biy, Bér
Var(%,} = B{|%.|"} - [E(X} = B2, + 2LBsu, Borbru, + (12 + 2L)B3BRu,

- , ~ 12 1 12 ,
X, + e, = |Ti, A @G| +|hD2| + e
& 112 - _ -x
E {|X2 + ez| } = (,Bsu2 + 7]4(‘15112) ) + L(Bsp +1s5(dsg )™ )(.BRUZ + Ue(dRuz) )
So that, it can be obtained the equation as follows.

(([”su2 + 14 (dsuz)_x) + L(Bsg + 15 (dsg ) ™* )(ﬁRUZ + 76 (dRuz)_K))z
((ﬁsu2 + 14 (dsuz)_”) + L(Bsg + 15 (dsg )_")([”Rul + 76 (dRuz)_K))z + 2L(Bsg + 15 (ds‘}e)_”)z([;}w1 + 176 (dRUZ)_%)Z

—x _ —x 2L(Bsr+15(dsp) )% (Bruy+n6(dru )_K)Z
2= (BSUZ + TM(dSUZ) ) + L(ﬁSR | ns(dSR) H)(BRUZ + né(dRUZ) ) y (ﬁSUz+774(dSU2)_n)+L(ﬁSR+775(dSRZ)_u)(ﬁRUZZ+716(dRU2)_n)

m, =

Then, ¥ = |hp, |2, then its mean is obtained by the independence of channels as :
E{Y}=E {|ﬁ03|2] = Bu,u,

Which is obtained due to circular symmetric properties.
B {17} = £{| 1A’}
For, E {|?|2} = E{|al?} and

E{|?|2} = IE{IaIZ} = 2'81211U2 and Var{?} & E{|?|2} T |]E{?}|2 | 2'81211U2 - '81211112 = '351U2 !
then

E{Y + e3} = (,3U1U2 + ’77(‘1”1”2)_”)

-
IE{|17 + e3|2} =2 (ﬁ,,l,,z + n7(dU1U2) )
So that,
_ EWD? _ Bhiu,
37 var(®y T Biu,
_ var{?} _ Bhyu, _ 8
37 K T pygu, U2

2

Var(? + es} = E{|7 + es|"} = [E(? + &3}|* = (Bu,0, + n7(duluz)_”)2 = B2y, +

2.8U1U2777(dU1U2)_h + (U7(dyluz)_y)2

Similar to above, for arbitrary phase shifts, the coverage probability is computed as
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~(8272+8373) M ~1 ymz—1 (8173)/ (8573)* (11)

PUZ,NoDir =1-e j=0 k=0 jlk!

A
Where, T3 z%,lz_ = nzdlzups'i' 1 ,a.nd 62 =19i, 53 =19_
S 2 3

4 Result and Discussion

Numerical results are presented in this section to evaluate the outage performance of the cooperative
NOMA network with pCSlI in terms of possible outages via the Rayleigh fading channel. MATLAB
programming software is used for making simulations by setting reasonable parameters. All of the
above analyzes were numerically verified using an arrangement where the locations were mapped into
the Cartesian coordinate system. Specifically, the source (S) is located at (0, 0) and the IRS at (40, 10).
Assuming the positions of BS, Uy, and U are in a straight line. We generalize that the distance between
BS and U, is normalized to one, that is, do = 1, and we can obtain d> = 1 - d1, where d; and d; are the
normalized distances between BS and Ui, and between U; and U,. The following tablel sets the
simulation parameters.

Table 1. Simulation Paramaters

Description NOMA
Power allocation coeficient a,; =02, a, =08
Path loss exponent =2
Fading parameter m=m,=1
Relative channel estimation error N, =7, =1x10"*~9 x 107*
Distance between two nodes dgy, = 0.04 (40 m), dgy, = 0.04~1, dsg = 0.04(40 m),

dy,v, = 1= dsy, dpy, = 1,d, = 0.04~1

Transmit SNR ps = 0~50dB
The antenna gain at transmitter and G, =3,.2dBi,G, = 1.3 dBi
receiver
Target Rate R, = 3,6 BPCU,R, = 1BPCU

Then using the eq. (8), we can be obtained the plotting Outage Probability versus transmit signal-noise—
ratio (SNR) as follows.

107 User2-Nodirect o

0 5 10 15 20 25 30 35 40 45 50

o o o

Figure 2: The Outage Probabilty versus transmit signal-noise—ratio (SNR)
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The approximate user pair outage probability curves are plotted according to (6), (7), (8), and (9)
respectively. It is observed that the outage probability decreases as the transmission SNR increases at
low SNR and reaches a fixed value at high SNR. The fault floor exists at a high SNR due to channel
estimation errors, leading to zero order diversity. We suspect, since U, only receives signals from the
link relay while U3 receives signals from the link relay and direct link in the next scenario, the reliability
of the signal received by U2 in the second scenario has been improved.

Furthermore, we model the large-scale-fading coefficient [dB] at near user by f, = G; + G, +
10x, log, (f—:;) — 30 + z, where u € {SU,, SR, RU, } and z, = shadow fading.

o o o

N=800

a
Coverage Probability

10 12
- Required information rate [b/s/Hz] o

Figure 3: The graphics of Outage Probability versus the required information rate at Near User

Figure. 2 plots the coverage (outage probability) versus the level of different required information,
where the destination is located (40, 0), while the shadow fading z, = 0 and a number the phase shift is
N =100, 200, 800.

From this figure, it can be seen that the greater the number of RIS elements, then the greater the
probability coverage is obtained for scenarios without a direct relay. Likewise for the amount of the
required information rate it also gets bigger as the number of N.

5 Conclusion

This paper has used the incomplete Gamma distribution and Rayleigh channel statistical information
to obtain closed-form expressions of possible coverage for optimal or arbitrary IRS enhanced
communications. In contrast to previous studies, in this study, we consider the Rayleigh channel error.

Performance analysis is carried out for near and far users. From the simulation results we have done,
it can be seen that usage of RIS-Aided in the NOMA communication system can actually increase the
probability of coverage and the number of information rates required is proportional to the greater the
number of RIS elements.
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