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3.1 Introduction

This chapter integrates RIS with NOMA to enhance spectral and energy efficiencies.
Moreover, a downlink RIS-assisted index modulation NOMA for the next-generation
wireless systems, referred to as R-INOMA has been proposed. In the present work,
the cell-edge user (user-1) carries the information in the spatial domain using the
transmitted antenna (TA) index, and the remaining NOMA users transmit infor-
mation using constellation points with various power levels. Therefore, R-INOMA
mitigates IUI among the users and serves more users in one resource block as com-
pared to the conventional NOMA system. We summarize the main contributions of

the chapter as follows:

e In this chapter, a RIS-assisted INOMA (R-INOMA) for a downlink system
with one BS, and T number of cluster, each cluster consisting of three users
are considered. The proposed novel R-INOMA system is more flexible, effi-

cient, and supports more users with varying QoS (quality of service) than the

individual NOMA or I-NOMA.

e The proposed R-INOMA system aims to decrease IUI among the users and

enhances the spectral and energy efficiencies.

e The diversity order of the proposed is analyzed system and derived an upper

bound on the probability of error.

e The analysis of the proposed system design in terms of symbol error rate,
diversity order and the sum-rate over Rayleigh fading channels is carried out,
and also compared with conventional NOMA and IM-NOMA-based systems.

The simulation results show that the proposed R-INOMA system achieves a
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better BER at low SNR due to the effect of passive reflecting elements, and it

is also verified analytically.

e Further, the impact of transmitting and receiving antennas, reflecting ele-
ments, imperfect channel, and modulation order is studied in the proposed

R-INOMA.

e BER is also computed in Rician fading channel scenario and compared with

Rayleigh fading channel.

e Finally, the effect of imperfect SIC and energy efficiency analysis is considered

in the proposed system.

This chapter is organized as follows. In Section 3.2, the proposed RIS-assisted down-
link INOMA system is presented. The analytical expressions of BEP performance is
presented in Section 3.3. Analytical and simulation results are presented in Section

3.4, and the summary of the proposed work is discussed in Sections 3.5.

3.2 Proposed R-INOMA System Model

In the present work, RIS-assisted downlink INOMA (R-INOMA) is considered, as
shown in Figure 3.1, In R-INOMA, cach cluster has three users, and the BS is
equipped with N; transmit antennas and each user having N, received antennas.
Moreover, the BS communicates to users through RIS, a consisting of N passive
reflecting elements. In Figure 3.1, IM is integrated with power domain NOMA (PD-
NOMA) at BS, where the user U; is assigned in the spatial domain and the remaining
two users U, and Us are using the NOMA technique. NOMA users transmit the

information using constellation points such as binary phase shift keying (BPSK).



Chapter 3. RIS-assisted Downlink INOMA System 41

RIS (N x 1)
ooooooooo
Transmitter (BS) ggg%ggggg&! > .1- "Receiver-17 T

. : : . |
1| User-1 TA Index L ; : Go : !Nr Detection
‘| Data . .

| User-2 Symbol .
. Data Selection - BS :

NOMA

1| User-3 Symbol \ : Gs
| Data Selection Ny ; :

FIGURE 3.1: The proposed RIS-assisted INOMA (R-INOMA) system model.

Further, all the system parameters are defined in Table 3.1. The channel from the BS
to RIS and RIS to users are denoted by H € CV>*¥ and G, € CN*¥ | respectively,
where k = 1,2,3. All the channels are flat Rayleigh fading which are independent
and identically distributed (iid) with H ~ CN(0,1), and Gj ~ CN(0,0%) [67].
The absolute channel gain of U, is higher than the Us, i.¢, |Go@H| > ||G3;PH||.
Therefore, Uy and Us are also referred to as near user (NU) and far user (FU),

respectively.

The user-1 U, transmits at the data rate log, (V) bits per symbol and its transmit

antenna (TA) index is expressed as,

x; =10,...,0,1,0,...0] . (3.1)
N—— N——
(t-1) (Ni—1)

t'" index position 1’ and the remaining elements are zeros.

Therefore, x; has only
NOMA users Uy and Us transmit at data rate log,(M), where M denotes the mod-
ulation order, using activated TA by U, and the superposed signal at BS is given
by

x=10,...,0,8,0,...0/", € CNex! (3.2)
N——
(t-1) (Ne—1)
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where, S = va1Pyxo + VasPpxs, with o € Xy and z3 € X3. P, denotes the total
transmit power at the BS for users. The a; and ay are power coefficients which are
assigned according to channel gain conditions, therefore as > a; and a; + as = 1,

and X3 and A3 are constellation points of users Uy and Us, respectively.

TABLE 3.1: Nomenclature

Definition Parameter
Number of transmit antennas at BS N
Number of receive antennas at each user Ny
Number of passive reflecting elements N
Modulation order M
User-1 Uy
Near user (NU) Us
Far user (FU) Us
The channel between the BS to RIS H
The channel between the RIS to users Gy
Superposed signal at BS X
The constellation points XK
The power coefficients are assigned for NOMA users ar
Additive white Gaussian noise for k receiver ng
The channel coefficients between the [-th reflecting elements and ¢-th transmit antenna hy ¢
The channel coefficients between the [-th reflecting elements and i-th k th user receive antenna ng,L
Phase matrix Lo
The reflection coefficient of a lth element of RIS panel Bi
The phase is adjusted according to CIRs between BS to RIS and RIS to user ¢
Phase between the [-th reflecting elements and ¢-th transmit antenna Pt
Phase between the [-th reflecting elements and i-th k th user receive antenna wlk,t
The received signal at kth user Yk

>

Decoding antenna index at user-1

Applying SIC at NU user ¥2,81C

Decoding symbols for k& user by using ML detector Xk
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3.2.1 Detection of User-1 (U;) Signal

The information of U; is mapped to only TA index, and it’s received signal y; is
expressed as

y1 = G;®Hx +n; € CM*, (3.3)

where, n; ~ CN(0, Noly,) is additive white Gaussian noise (AWGN) vector with
zero mean and variance Ny, the elements of channel matrices, H and Gy are given
by |hyele 79t and |gf;|e 714, respectively, where {l =1.2,..N}, {t =1,2,...N;},
{i=1,2,...N,}, and k = 1,2,3. hy; represents the channel coefficients between the
I"h reflecting elements and " transmit antenna with phase ¢;; and gl’fi is chan-
nel coefficients between the " reflecting elements and i"* receive antenna with
phase f; for k" user. The @ is a diagonal matrix, which is represents as ® =
diag[B1e7%1, Byei?®2, . .. Bnei?N], where ¢ = @14 + Ele Yf; to maximize overall sys-
tem performance and f3; denotes the reflection coefficient. In general 5, € (0,1)
depends on the surface material. However, we consider 5, = 1 for all the elements

76, 717).

The equation (3.3) is rewritten as,
y1 = G ®hy +n; € CV, (3.4)

where, h, = Hx € CV*!, which is an activated TA vector. Therefore TA index is

estimated using maximum likelihood function (ML) which is given as [78],

f=arg min v - G ®h,||; (3.5)

where, ¢ is an estimate of t. The user U recovers information bits log,(N;) from t.

For example, £ = 1 denotes 00 data symbols for N, = 4.
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3.2.2 Detection of NOMA Users U, and U3 Signal

The NOMA users are carrying information through an activated TA with constella-
tion symbols. The Us is NU, and its signal decodes using SIC-based detection. The

received signal at NU is expressed as,
ys = Go®Hx + ny € CV! (3.6)

where ny ~ CN (0, NoIn,) is AWGN vector. We consider |Go@H| > |G3PH]|.

The ML detection of the FU Us at Uy is expressed as,

&?U = arg min , ly2 — G2<I>HXH§. (3.7)

x3€X3,te{l,....,Ny

After perfect SIC, the received signal y, is expressed as,
yasic = y2 — Ga®Hp, (3.8)

where, n = [0,...,0,vas B%YY,0,...0] is the FU’s decoded vector at the Uy. The
——

——
(t—1) (Nt—t)

NU’s symbol is decoded from the ys gic as,

%Y =arg  min }||y2,SIC—G2<I>Hx||§. (3.9)

X2€X2,t€{1,...7Nt

Next, the received signal y3 at FU is expressed as,

y3 = G3®Hx + ny € CVex! (3.10)
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where, n3 is AWGN vector. The ML detection for FU U3 is expressed as

sFU . )
X = arg nmin — G PHx||-. 311
’ ngeX;;,te{l ,,,,, Ne} s 3 ”2 ( )

Further, the NU signal is detected by considering an imperfect SIC which is expressed
as,

y2usic = Y2 — Go®Hr, (3.12)

where, £ = [0,...,0,va: x5V +¢,0,...0] is the FU’s decoded information at the
—— ——

(t—1) (Ny—t)
Us. ¢ denotes error in FU decoding which is assumed Gaussian distribution ¢ ~

CN(0, N;) [79]. Therefore, the NU signal ysic is expressed as,
yaisic = Go®Hw + ¢ + ny € CV. (3.13)

where, @ = [0,...,0,va; PoxyV+,0,...0]. The NU’s symbols are decoded from the
—— ——
(t=1) (Ne—t)
Y2,1s1C 35,

S — g - — G,®Hx|?. 3.14
X9 rg X26X2¢121{1117'..’Nt} ||Y2,ISIC 2 XHz/ ( )

where x5 denotes NU symbols using an imperfect SIC. We have also summarized

users’ detection in Algorithm-1

3.3 BEP Performance Analysis

In this section, the theoretical bit error probability (BEP) of the proposed downlink
R-INOMA system using pairwise error probability (PEP) over flat Rayleigh fading

channel is presented.
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Algorithm 1 Users Detection in R-INOMA
Input: N;, N, N and M.
for iterationl =1,2,...,SNR do

for iteration2 = 1,2, ..., bits do
Assign antenna index N; to Uy
Assign power coefficient to Uy and Uz P, = 0.3 andP, = 0.7
Generate channels and phase are H, G and ®.
Construct: ® = diag[s1e791, Boe7?2, ..., Byel?N].
set ﬁl = 1Vl and QSI(InaX) = Q1+ 1/1111 + wl%L + wl?:l
ML Decoding for Uy,
for t <+ 1 to N, do

- 2
= s - Gl

end for
Applied Perfect SIC at U,, after that applied ML decoder
Xy = HYQ,SIC - Ggq’HﬂHz-
ML Decoding for Us;
% = ||lys — G @Hx|".

end for

Calculate BER for U;, U, and Us.

BER of Uj is sum (xor(bits,decoded))/total bits

Similarly for U, and Ug.

end for

3.3.1 Performance Analysis of User-1 (i)

The PEP between the TA index t and erroneously detected index ¢, under the

condition on Gy, ®, and h; is represented as,

Pr(t — |Gy, ®,h;) = Pr (ly: — G1®h,[* > |[y; — G ®hy*)

=Pr (—G1<I> (h, — h)|*=2R {n} [G,®(h, — h;)]} > 0> =Pr(D > 0), (3.15)

where, D is a Gaussian random variable with mean and variance as

E{D} = —|G® (h, — hy)|>, Var{D} = 2N,|G® (h, — h,)|*. (3.16)
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Then, the conditional PEP represents in terms of Q-function as

(hy — hy)[?
2N,

Pr(t— |Gy, ®,h) = Q \/|G1q’ (3.17)

Further, we denote Z = G1® (h, — h;) and it can be expanded as

N
Z= (Z ri(ue — hl,i)ej[(m_w‘l’ﬁ%_%”) : (3.18)
=1

The channels coefficients of U, are h;; and gl{i are iid Rayleigh distributed with
mean and variance of E[h.g/;,] = I, and VAR[h.g9,] = (1 — 71%)’ respectively.
By applying the central limit theorem (CLT) for large number reflecting elements

Nm

N > 1, Z is approximated Gaussian distributed with the parameters E[Z]' = =
Var[Z] = N(1 — 71T_<23) The average PEP (APEP) is expressed as,

Pl - / e Q/%) fe(€)de, (3.19)

where § = |7 ]2. By applying non noncentral chi-square distribution, APEP repre-

sents as

-l / Y ! A (3.20)
S S\ 4N sin? A ’ '

where M¢(-) denotes moment generating function (MGF) associate with random

variable £ and is represented as [81]

1 % vN272
32N,
Me(v) = | —mmomy | &P | ~vae | - (3.21)
] — eNO6-72) ] — eNO62)

32N, 32N,

Tmperfect phase cancellation case mean can be different [80].
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By substituting the equation (3.21) in the equation.(3.20), and the error probability

=1 . .
P, is obtained as

—1 1 7\'/2 1 % - 32x2722)\
APe = %/ m exp m d)\ (322)
0 * 35 Nosn®A + 32 Nosn?A

Further, by considering A = 7/2 the upper bound of Fi is expressed as

X 1( ) )é _ N2q2
Tt B S <—N> (3.23)
e — N(16—72) N(16—m2)
2 1 + 32Ny 1 + 32Ny

Therefore, the ABEP Py, is represented as Pj, < Nj?;

Asymptotic Diversity: The received signal is expressed as S = SN | g illhuel [82]
and instantaneous SNR, v = Es% = 75?%, where, 7o = E,/Ny. At high SNR

4N521V71

probability density function (pdf) of S is written as fs(s) =~ TR [82] where
I'(-) denotes the Gamma function and the pdf of v is written as, f.,(v) ~ %.
1 ’YD
Therefore, the upper bound of APEP is expressed as
- 2N+2F N
1< —<)N (3.24)
© 7 2n(2N)any,

-1 _ . o .
Hence, P, &< 75", and the maximum diversity order is N.

3.3.2 Performance Analysis of NOMA Users

In this section, the ABER performance of NOMA users, Us and Us analyzed. The
Us is far from RIS, and its channel cocfficients are represented as, h;; and gfl

The product hy.g; is Rayleigh distributed with mean and variance E[hyg;] =

%, Var[hy,g)] = (16;2”2) respectively. The Us receives SC symbols from RIS, and

using BPSK modulation and all symbols are equally likely probable. U3 information
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is extracted by using ML detection and a symbol is detected erroneous if (n; >
Ve Hs — \/€2H3), where n; is in-phase component of AWGN, which is higher than
the in-phase component of symbol amplitude [83]. The quadrature component ng
does not effect Us decision, since U3’s decision symbol depends on real component of
the received signal. Further, ¢; = a1P;, and €5 = aoP;, are power assigned for users
U, and Us users, respectively. The Hs is channel between BS to Us through RIS and
is expressed as Hz = (Z;\;l giihl,t>2. Further, the error probability of the FU with

ML detection is expressed as,

P, = 5 [Q(/71) + Q(v/72) (3.25)

DO | —

where, p; and py are the maximized SNR towards the U3 with different constellation

points. The maximized SNRs of the user U3 are expressed as,

2 i 2 2 2
. N e e 52
0 0

ABER Fg of the FU with BPSK modulation is expressed as [83],

Py | [ QW fuoin + [T QU faoalire). (3.27)

By applying central limit theorem (CLT) for large number reflecting elements N >

1, the mean and variance of the channel, My are E[H;] = &, and Var[Hs] =

N (16*”2) respectively. Using MGF approach, the ABER is expressed as [81]

32
_3 1 /2 1 /2 1
P =— M — d\ + M ———— | dX 3.28
¢ 2 {/0 o ( 2sin? /\) /0 i ( 2 sin? )\> (3.28)
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The MGFs for SNR with one degree of freedom are presented as,

1 3 vN272 (\fe1—\/e2)
32N
My, (v) = (1 _ ’UN(lb’?T?)(\/H\/E)> *xp (1 _ ’UN(167T20)(\/H\/5)> and  (3.29)

16Ny 16No

] 3 uN2n? (e +y/E)
_ 32No
M, (v) = (1 — ’uN(167r2)(\/H+\/5)> eXp (1 — vN(lﬁwaawa)) - (330)
16 Ng 16 Ng

After substituting (3.29) and (3.30) in (3.28), the ABER, Fi is expressed in (3.31)

by considering the an upper bound at A\ = 7/2.

3 —N272(/e1—/e2)?
PPl ( 1 ) cxp( 32No )
e—4 N(16—72)(ver—/e2)? N(16—72)(y/e1—/e2)2
1+ 321\751 = 1+ 32N§1 €2
1 2 —N*mP(Vat+ye)®
1 32Ny
+4 (1 N N(167r2)(\/a+\/5)2) exp (1 N N(lGFQ)(\/a+\/5)2) (331)
32Ng 32Ny

the user, U, is near to the RIS, and its information is extracted by using perfect
SIC. The channels coefficients U, are represented as h;; and 912,i and effective channel
mean and variance as are E[h;g7,] = T, and Var[hy,g7,] = (1— 7{—;) respectively. The

U, receives superimposed symbols from the RIS. If the symbols of FU are decoded

without error, the error probability is represents as,

P. = 5 2Q(/7) - Q7 (3.32)

where p; and py are the maximized SNR towards Uy with different constellation

points, which are expressed as,

_ [Hal(va)
No

Hol (Ve + Ve (3.33)

and py = N
0

P3
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2 —
where Hy = <Zz]\;1 gﬁﬂl,t) . The ABER Pi of the NU, U, is given as,

[/ Q (V/75) o (p3)dps — / Q (V1) for(pa)dpa | - (3.34)

The upper bound of ABER for user U, is expressed in (3.35) by considering similar

procedure as FU.

1 ! b oemar
<z 32Np
Fe=3 (1 N N(16—W2)(\E)2) P (1 n N(16—7r2)(\/€)2>

16 Ng 16 No

) ) 3 —N2r2(fe+,/)?
_ ex 32N (3.35)
1\ ], Mo atva)? L P D NEENGE '
+ 16Ng + 16Ng

Complezity: The complexity of the ML detector is defined as, O((N+M)N?), where,
M is the modulation order and N; denotes the number of transmitting antennas.
Moreover, the complexity of ML detector is increased as increasing of M, N, and
N;, because the ML detector extracts both modulation symbol and M and antenna

index V; simultaneously [53].

3.3.3 Sum-rate Analysis

In this subsection, the sum-rate of the proposed system is analyzed. The average

sum-rate of the proposed R-INOMA system is expressed as,
sum-rate = log,(Ny) [1 — Fi] + log,(1 + SNRyy) + log,(1 4+ SINRpy) bits/sec/Hz.

The sum-rate of R-INOMA system depends on the spatial domain user (U4;) as well

as NOMA users. The achievable rate of U; is expressed as,

R1 = log,N; bits per frame, (3.36)
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where, N; is the number of transmit antennas and the sum-rate of U; with the

detection error is expressed as,

Ry = logy(NVy) [1 . Fl] , (3.37)

e

where Fi is an average BEP. The SNRyy of NU is defined as,

_Ei|[Half3

0

SNRxu with E; = (\e1)?(Ver + v/e2)?, and (3.38)

The signal to interference plus noise ratio (SINR) FU is written as,

[1Hs]13E>

CHslBE 2
Tl & vy e = (Ve - Vel (Ve ve) o (3.39)

SINRpy =

Therefore, the sum-rate depends on the reflecting elements, N. Further, the sum-

rate in the conventional NOMA (C-NOMA) is expressed as,

G1Pb|h1|2> ( a2Pb|h2|2 > .
sum-ratec_nc =1lo 1+ — | +1o 1+ ——————— | bhits/sec/Hz,
C—-NOMA 82 ( N 82 a1 Py hal? + No [sec/
(3.40)
where, h; and hy are the channel responses between the BS to NU and FU, respec-
tively. Hence, the sum-rate of the proposed R-INOMA system is achieved better

performnace the C-NOMA system.
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3.3.4 Energy Efficiency

The energy efficiency (EE) of the R-INOMA is defined as [84],

_BR

EE = — 3.41
= (341)

where, B is bandwidth and R is an achievable rate. The Pr is the total power
consumption of the system, which consists of both transmit power P, and dissipation
power Py in hardware components. The required power for RIS dissipated system

[85] is expressed as,

No
= (2R -1) —1—. 3.42
The total power consumption in the R-NOMA system is expressed as,
R __ PR
PT:7+PS+Pd+NPC, (343)

where, v denotes the efficiency of the power amplifier and P, is the power dissipation
per element. The required power consumption for a conventional NOMA system is
given as,

W:%+R+%, (3.44)

where, p, = (2R - 1) %, and h denotes the channel response between the BS tand
user. Figure 3.2 shows the EE with respect to an achievable rate, R for the R-
INOMA and a conventional NOMA system. The maximum EE is 6 bit/s/Hz for
both the systems but after the increase in R, EE decreases the NOMA system. The
proposed R-INOMA has better EE at a higher achievable rate, as observed in Figure
3.2.
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FIGURE 3.2: The energy efficiency as a function of the rate R with R-INOMA and

NOMA system.

3.4 Simulation Results and Discussions

In this section, we present the simulations and analytical results for the proposed R-
INOMA system. All users U;, Uy, and Us communicate over the flat Rayleigh fading
channels [82] with a; = 0.3 and as = 0.7, however, the power is splited between PD-
NOMA users which is optimized by using the maximin fairness (MMF) criterion [86].
The data detection for all three users is carried out using ML detectors. However,
user detection can be done by using a less-complex two-stage greedy detector [87].

Further, simulation parameters are summarized in Table 3.2.

The average BER performance of U; is shown in Figure 3.3. The BER performance
improved while increasing the number of the passive reflecting elements, N at the

RIS due to enhancement in SNR of if;. The same performance is observed from

the derived results at low SNR region because P! oc exp (—1]\67?\;;) and the error

probability is inversely proportional to the reflecting element N.
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TABLE 3.2: Simulation parameters

Parameter | Values

K 3

N 4

N, 4

N 2 to 64
M 4 and 8
a1 0.3

a9 0.7
SNR, 5dB
SNR, 10dB

SERsnr, | 0.0028
SERsnr, | 0.0006
P=P; | 100 mW [84]

B 10 MHz
v 0.5
5y 1

107!
% 102 [ e e N N
an} 3 I BN
SN =8 X esd e O Hosiiveiiii CHI F
s [AN=16 % :
1077 Fl-e~ N =32
—4o— N =64
------ Analytical : :
—4 1 1 - g
10 —30 —20 —10 0

SNR (dB)

FIGURE 3.3: Average BER performance of R-INOMA with N; = N, = 4 for user-1 U;.
Solid and dotted lines denote the simulation and analytical results, respectively.
The BER performance of NOMA-based users, Us and U3 are shown in Figure 3.4
and Figure 3.5, respectively. Their BER performance is also improves by increasing
N, and the BER of U, is better than that of Us, because FU’s interference is miti-
gated by using perfect SIC [88] at Us, as shown in Figure 3.4 and Figure 3.5. The

analytical and the simulated results are closely matched for U;, Us, and U3 as shown
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Fl-o- N =2,
Fl—&— N =8,Us
73' —A— N = 16,Us
107" El—o— N =32,

N = 64,U>

O] Analytical
_4 T 1 :
SNR (dB)

FIGURE 3.4: Average BER performance of R-INOMA with Ny = N, = 4 for NU Us.
Solid and dotted lines denote the simulation and analytical results, respectively.
Figures. 3.3, 3.4, 3.5, respectively, for higher values of N. However, a gap between
the analytical and the simulated results exists for N = 2,8 due to the limitation of
CLT approximation. U; has better BER performance over Uy and Us, as observed
in results. the R-INOMA has better performance over INOMA (“IM-NOMA?”), as
observed in Figure 3.4 due to passive beamforming at RIS. The BER performance
deteriorates in imperfect channel impulse response (“ICIR”) case [89] as observed
in Figure 3.4 for N = 16. Therefore, the quality of channel estimation determines
the users’ BER performance in the R-INOMA. Further, the BER performance im-
proves in Rician fading (with Racian factor=1) between RIS and users as compared
to Rayleigh fading, as observed in Figure 3.4 and Figure 3.5 due to the LOS path.
Furthermore, MMF results show a better BER performance than fixed power al-
location, as shown in Figure 3.4 due to adaptive power allocation between NOMA

users.

The BER performance is improves for all three users while increasing the transmit
antennas, V; at BS for fixed number reflecting elements, N = 32 with BPSK modu-

lation as shown in Figure 3.6. Figure 3.6 shows the BER performance of FU U3 for
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FIGURE 3.5: Average BER performance of R-INOMA with Ny = N, = 4 for FU Us.
Solid and dotted lines denote the simulation and analytical results, respectively.
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FIGURE 3.6: Average BER performance of R-INOMA with N = 32 and M = 2 for
Ny = 2,4, 8 for all users Uy, Us and Us.
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different modulation order M increases from 2 to 8 for a fixed reflecting elements
N = 32 and N; = 4. Observe that the BER performance degrades by increasing
modulation order M in Figure 3.6. Due to the probability of error for M-ary PSK is
P3 o e(sin*(w/M)N?) Therefore, the probability of detection error is increased with

(&

an increasing the modulation order, M.

Diversity order: The diversity order of the users, U;, Uy and Uz in R-INOMA is

calculated by using the slope of the curves at high SNR region. The diversity order
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equal to the negative slope of the curve which is defined as

10 [108;10 (EEEE: ﬂ
SNR, — SNR; '

Slope = (3.45)

where, BERgngr, and BERgngr, denotes the BER at SNR; and SNRy, respectively.

10[10g10 ( 0.0006

5] 1338 and for N =8

Therefore, slope of the curve for N = 2 is:~ T

s~ —

% = —2.02 shown in the Figure 3.3. Hence, the diversity order of R-

INOMA at high SNR is between 1 and N, which validates the diversity of R-INOMA
system. Since the diversity order of a user increases as N increases [80]. Further,
slope of the curve for N = 2 is: = —% = —1.151. and =~ —% = —1.019 for U,
and Us, respectively in Figure 3.4 and Figure 3.5. Therefore, the diversity order of

users is improves as N increases in R-INOMA.

Next, Figure 3.7 shows the NU’s BER performance by applying an imperfect SIC.
The imperfect SIC deteriorates the NU’s performance as compared to the perfect
SIC due to the presence of interference from the FU. Further, BER performance
depends on the cancellation error ¢ in an imperfect SIC cases, as observed in Figure
3.7. Furthermore, the proposed R-INOMA system performance is better than the
conventional INOMA system, due to improved received signal strength as shown
in Figure 3.8. The R-INOMA significantly reduces BER at low SNR region, for
example, BER=1073 is achieved below 0 dB SNR for all three users as shown in

Figure 3.8.

The average sum-rate performance [8, 47] of R-INOMA is shown in Figure 3.9 for
N = 2 and 16. The phase angle of RIS are optimized: 1. to get the maximum
sum-rate (“Opt.”), 2. to maximize NU sum-rate (“NU Opt.”), 3. to maximize
FU sum-rate (“FU Opt.”), and 4. by considering an average angle of FU and NU

(“Average”), as shown in Figure 3.9. The proposed R-INOMA system has better
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FIGURE 3.7: Average BER performance of R-INOMA using perfect and imperfect SIC
at NU with BPSK modulation and fixed reflecting elements N = 16 .
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FIGURE 3.8: Average BER performance of proposed R-INOMA and C-INOMA.

sum-rate performance as compared to conventional INOMA [90], NOMA [91], and

RIS-assisted OMA (R-IOMA) [86] systems, due to passive beamforming at the RIS

panel, as observed in Figure 3.9. Further, the sum-rate depends on the number of

reflected surfaces, N and angle optimization method in R-INOMA [80], as shown in

Figure 3.9.

The results of the summary suggest that the performance of the proposed R-INOMA
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FIGURE 3.9: Sum-rate performance of the proposed R-INOMA with conventional
NOMA and INOMA systems.

system is superior to that of C-NOMA, NOMA, and OMA. Additionally, the perfor-
mance of the R-INOMA system is enhanced by increasing the number of reflecting

elements and by supporting more users in each cluster.

3.5 Summary

In this chapter, a RIS-assisted INOMA (R-INOMA) system has been proposed to
achieve a better BER performance at low SNR by reconfiguring the channel condi-
tions of the users. Analytical expressions for the BER haven been derived for all
three users and its performance have been validated through simulation and observed
that they are closely matched. The proposed R-INOMA system has exhibited a high
data rate transmission while increasing transmit antennas at BS with improved BER
performance due to RIS. The BER performance has been improved with the number
of reflecting elements at the RIS due to the coding gain and enhanced diversity order
in R-INOMA. Further, the performance of the proposed R-INOMA shown that it

can includes more users in a resource block, as compared to conventional RIS-NOMA



Chapter 8. RIS-assisted Downlink INOMA System 61

and also observed that the R-INOMA does not require any complex channel coding
technique for a reliable communication system at the low SNR region due to passive
beamforming at the RIS. Finally, in present study the deployment strategy of RISs,
under the high scattering region not considered. Moreover, the aforementioned con-
ditions are addressed by considering multiple RIS-assisted NOMA systems and to

different deployment strategies in Chapter 4.



