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Abstract: A good wireless device in a system needs high spectral efficiency. Non-Orthogonal Multiple Access (NOMA) is a technique used to enhance spectral efficiency, thereby allowing users to share information at the same time and same frequency. The information of the user is super-positioned either in the power or code domain. However, interference cancellation in NOMA aided system is challenging as it determines the reliability of the system in terms of Bit Error Rate (BER). BER is an essential performance parameter for any wireless network. Intelligent Reflecting Surfaces (IRS) enhances the BER of the users by controlling the electromagnetic wave propagation of a given channel. IRS is able to boost the Signal to Noise Ratio (SNR) at the receiver by introducing a phase shift in the incoming signal utilizing cost-effective reflecting materials. This paper evaluates users’ error rate performance by utilizing IRS in NOMA. The error probability expression of users is derived under Rayleigh and Rician fading channel. The accuracy of derived analytical expressions is then validated via simulations. Impact of power allocation factor, coherent and random phase shifting of IRS is evaluated for the proposed IRS-NOMA system.
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1  Introduction

The role of wireless communication systems has become inevitable across domains. The utility has increased with devices and various applications. Then, there is a need for massive connectivity with ultra-reliable and low latency among devices [1,2]. Appropriate techniques are developed and similar techniques are integrated into the Fifth generation (5G) wireless communication system to meet these requirements. This combined effect of technologies fulfills essential requirements, including high achievable rate, user fairness, energy efficiency, high spectral efficiency, low latency and achieving extremely low error rate within a wireless communication system [3,4]. To fulfill these demands of achieving enhanced spectral efficiency and low-latent transmission, Non-Orthogonal Multiple Access (NOMA) is utilized as a channel accessing mechanism in 5G and beyond cellular systems [5,6]. NOMA enables simultaneous transmission from multiple users to share their information by super-positioning either on the power or code domain. In the power domain, different power levels are assigned for users based on the channel fading conditions. In case of two-user NOMA system, users are categorized as near user and far user. It is assumed that near user has better channel condition than far user. Therefore, near user is allocated with less power and far user with high power. NOMA differs from conventional OMA techniques wherein a single user alone is allowed to access resources in a given time or frequency. It’s feasible with NOMA as it employs Successive Interference Cancellation (SIC) mechanism at the receiver to decode the user’s information based on their power allocation order. SIC decodes the highest power signal and then detects the concerned user’s signal, thereby canceling the user with the highest power allocation. Multiple users in the NOMA system can complicate the SIC mechanism. Accuracy in SIC decides the user’s error rate at the receiving end.

With the evolution of integrated electronics [7], Intelligent Reflecting Surfaces (IRS) is a fabricated structure to make the complete wireless system intelligent [8]. IRS has been integrated with other technologies, which require a highly reliable and energy-efficient system. It interacts with the environment and enables constructive energy focusing on the users. The incident signal at IRS is reflected by an angle to achieve the energy focusing in the broadcast environment. The reflected signal is strengthened to extend the coverage area of the system. In recent times, many research works utilize the benefits of IRS and NOMA to accomplish the demands of the next-generation wireless communication system [9].

1.1 Related Works

1.1.1 Error Rate Analysis for NOMA Systems

In the research work [10], error rate performance of cooperative-NOMA network is analyzed. The expression of error probability is derived and the effect of power allocation on BER performance is analyzed. In [11], BER performance is investigated for two-user NOMA system with square Quadrature Amplitude Modulation (QAM) scheme. The authors of [12] consider the analysis of BER in downlink-NOMA system under Rayleigh fading channel for Binary Phase Shift Keying (BPSK) modulation scheme. The BER analysis of relay assisted NOMA system is considered in [13]. Pair-wise error probability expression is derived by considering Simultaneous Wireless Information Power Transfer (SWIPT). The exact expression of average BER for a two-user NOMA system is obtained for generalized frequency in the flat-fading channel [14]. In [15], BER performance for two-user NOMA system is analyzed by considering SIC for both uplink and downlink transmission. Similarly, the authors of [16] also address BER performance in downlink NOMA system with consideration of SIC errors. The average bit error probability is derived for Space-Shift-Keying (SSK)-NOMA system with three users in [17]. The error rate performance of cooperative Orthogonal Frequency Division Multiplexing (OFDM)-NOMA system with index modulation is investigated in [18]. The Maximum-Likelihood detector (ML) and greedy detector are considered for deriving the analytical expression of BER at the destination. The error probability of the OFDM-NOMA system is analyzed in [19] by considering Quadrature Phase Shift Keying (QPSK) modulation. The BER performance is analyzed over Rayleigh, Rician and Nakagami-m fading channels in [20] by using Minimum-Mean-Square-Error (MMSE) detector for downlink NOMA system.

1.1.2 Error Rate Analysis for IRS Aided Systems

IRS is utilized for improving error rate performance in the wireless communication system. The research works of [21–23] analyze the error rate of IRS aided transmission. IRS acts as an access point as well as the reflector in [21]. Blind transmission (without knowing the environment) is assumed between the transmitter and users. Enhanced symbol error probability is achieved in IRS aided system. SNR performance of IRS aided wireless system is compared with massive MIMO in [22]. It also provides the relationship between a number of array elements and SNR. It is stated that SNR in the IRS system varies nonlinearly with the number of reflective elements, wherein massive MIMO has linear variation. The closed-form bit error rate expression of IRS-NOMA is derived in [23], the number of reflecting elements in IRS is equally divided to enhance the signal propagation for the near and far user.

1.2 Contribution

Motivated by the above-mentioned recent works on NOMA and IRS, the proposed work considers NOMA-based wireless communication supported by IRS. The closed form expression of bit error probability in two-user downlink NOMA system is derived in [15]. Based on [15,21], the error probability of the two-user downlink IRS-NOMA system is derived in this paper. In the article [15], the near user signal is modulated using QPSK and BPSK modulation is used for far user. In this article, BPSK modulation is considered for both users. The main contributions of this article are

•   Closed-form expressions of average error probability of received signal at IRS-NOMA are derived by considering SIC mechanism under Rayleigh and Rician fading channel.

•   We consider Coherent and Random phase shifting at IRS and evaluate the BER performance of users.

•   Optimum power allocation on BER performance is investigated in the proposed IRS-NOMA system.

1.3 Structure of the Paper

This article is organized as follows. IRS-NOMA system model is described in Section 2. In Section 3, the analytical expression of NOMA users is derived. The BER performance of the proposed IRS-NOMA system is discussed in Sections 4 and 5. The article is concluded in Section 6.

1.4 Notations

The detailed symbols and corresponding descriptions are listed in Tab. 1.
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2  System Model for Proposed IRS Supported NOMA Communication

A downlink IRS-supported NOMA system is considered, as shown in Fig. 1. The proposed system consists of two users, IRS with N passive reflective elements and a Base Station (BS). In NOMA system, users are ordered and allocated with different power levels according to their average channel power. In the proposed two-user IRS-NOMA system, near user is termed as U1 and the far user is termed as U2. The power allocation (α) should satisfy the condition 
∑i=1nαi=1
for n-user NOMA system. The far user is allocated with high power, wherein the near user with low power. In this proposed system, the BS transmits the superimposed signal from two different users with the power allocation of α and (1 − α). The transmitted superimposed signal (x) is given by


x=Ptαs1+Pt(1−α)s2=a1s1+a2s2
(1)

where Pt and si (i = 1, 2) denote the total transmit power and modulated symbols of users. The product terms Ptα and Pt(1 − α) are substituted as a1 and a2 for near and far users respectively.
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Figure 1: An illustration of IRS-NOMA aided transmission

2.1 Impact of IRS on Signal Transmission

In the system proposed, IRS is kept in between the BS and users to aid NOMA transmission. The users are assumed to receive a signal from BS and IRS. IRS is a reflecting array made up of periodic metasurfaces. Metasurfaces are artificially composite materials, which have been utilized in wireless communication for introducing considerable phase shift on the incident signal [24]. The array elements are termed as cell fabricated with PIN or varactor diode to introduce phase shift on the RF signal. The unusual characteristics of metamaterials in IRS make it to interrelate with both electric and magnetic fields of the input signal. The collective effect of array elements is utilized to focus the energy in the directions of users. As illustrated in Fig. 1, the IRS receives the incoming superimposed signal (x) and introduces the phase shift of θ on the reflected signal. The users in the focusing area can receive the reflected signal from IRS. The phase shift θ can be tuned or adjusted to focus and de-focus the energy in the relevant and irrelevant directions.

2.2 Channel Fading

This paper assumes that the users receive direct signal as well as reflected signal. We analyze the IRS aided NOMA transmission in both Rayleigh as well as Rician fading. The direct channel fading coefficients between BS-U1 and BS-U2 are denoted as hD1 and hD2. Let g denotes channel fading between BS and IRS, g1 and g2 be the channel coefficients between IRS and users (U1,U2). Therefore, the received signals at the end-users (U1,U2) are written as


y1=gH⁡θg1⁡x+hD1x+n1
(2)


y2=gH⁡θg2⁡x+hD2x+n2
(3)

where hD1x and hD2x represent the direct signal received at the users from BS. 
gH⁡θg1⁡x
and 
gH⁡θg2⁡x
represent received signals at U1 and U2 via BS-IRS–user channels. θ is the phase shift matrix (NxN) introduced in the IRS to focus power towards users, which is given as diagonal matrix as 
θ=diag{β1ejφ1,β2ejφ2,…,βNejφN},βi(0,1),φi∈(0,π)
. βi and φi represent the amplitude of reflection and phase-shift at ith reflecting unit of IRS. Fading coefficients of indirect channels (BS-IRS, IRS-users) are denoted by the vectors g ∈ CNx1,  gk ∈ CNx1 where (k = 1, 2). In the case of the Rician channel fading model, the fading coefficients hDk, g and gk are given by


hDk=K1K1+1h¯Dk+1K1+1h~Dk
(4)


g=K2K2+1g¯+1K2+1g~
(5)


gk=K3K3+1g¯k+1K3+1g~k
(6)

In (4), K1 is the Rician factor of hDk, 
h¯Dk
and 
h~Dk
represent the dominant LoS and non-LoS (NLoS) terms. K2 is the Rician factor of g. 
g¯∈CNx1
and 
g¯∈CNx1
indicates direct LoS component and NLoS terms. Similarly, K3 is the Rician factor of gk. 
g¯k∈CNx1
and 
g~k∈CNx1
are the LoS component and NLoS terms. We assume that Maximal Ratio Combiner (MRC) [25] is employed to combine the direct and indirect signals at users. The channel is considered as the Additive White Gaussian Noise (AWGN), where ni = N(0, σ2i) (i = 1, 2) and σ2i is noise variance. In case of NOMA-based communication, far user U2 decodes its information directly by considering other user’s (U1) information as noise. The U1 (near user) applies SIC mechanism to decode its symbol s1. First, U1 detects U2, then subtracts the detected signal from the received superimposed signal y1 and then decodes its own signal.

2.3 Types of Phase-Shifting at IRS

Introduction of phase shift θ at IRS can be coherent phase shifting and random phase shifting as mentioned in [21]. In the case of intelligent transmission, it is assumed that IRS has known the channel characteristics perfectly; the reflection angle θ between IRS and users could be adjusted to maximize the received signal strength at the user. The IRS introduces phase shift randomly in the random phase-shifting method. In this paper, both phase-shifting methods are considered at IRS to evaluate the BER performance.

3  Performance Analysis

In this section, the average bit error probability of users (U1 and U2) in IRS-NOMA system is derived by assuming BPSK modulation for both the users under Rayleigh and Rician fading channel.

3.1 Average Error Probability of Far User Under Rayleigh Fading

For the BPSK modulation signal, the constellations of the received signal at U1 and U2 are as illustrated in Fig. 2. (b1, b2) represents the binary symbols of U1 and U2. The ML detector [26] is employed to decode the user symbols. The decision boundary depends on the amount of AWGN noise (ni) present in the received signal. For BPSK signal, decision boundary could be 
yi>0or yi≤0(i=1,2)
. The total error probability is calculated by summing up the error probability of every BPSK symbol multiplied by its prior probability. The prior probabilities of the superimposed signal in BPSK are 
14
, since the probabilities of occurrence of all possible symbols (s1, s2) are equal. In BPSK modulation, the in-phase component of noise influences the detection boundary [27]. The error in the detection occurs whenever the noise is higher than the signal. From the constellation diagram, the error probability U2 is expressed as P2(e),


P2⁡(e)=12pr(y2>0|b2=−1)+12pr(y2≤0|b2=1)
(7)
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Figure 2: Signal constellation map for two-user IRS-NOMA system

Using the ML detection principle, the conditional error probability is written as


P2⁡(e)=12pr(n2≥(a1+a2)(gHθg2+hD2))+12pr(n2≥(a2−a1)(gHθg2+hD2))
(8)

The error probability expressed in (8) can be written using complex Q-function [[28], Eq. (7.108)] with noise variance of 
N02
.


P2⁡(e)=12[Q[(a1+a2)(gHθg2+hD2)No2]+Q[(a2−a1)(gHθg2+hD2)No2]]
(9)

Eq. (9) can be represented using instantaneous SNR as


γ1=2(a1+a2)2|gHθg2+hD2|No2,γ1¯=2(a1+a2)2E[|gHθg2+hD2|2]No
(10)


γ2=2(a2−a1)2|gHθg2+hD2|No2,γ2¯=2(a2−a1)2E[|gHθg2+hD2|2]No
(11)

In (10) and (11) γ1 and γ2 represent SNRs, 
γ¯1
and 
γ¯2
are the corresponding mean values. Where E [.] denotes the expectation operator. The expression (9) is rewritten in terms of SNR as


P2⁡(e)=12(Q(γ1)+Q(γ2))
(12)

Average error probability in AWGN over fading channel at far user is calculated by integrating the product of Gaussian Q-function and channel fading Probability Density Function (PDF) 
fγk(γk)
, k = 1, 2 using [[29], Eq. (5.1)]


P¯2(e)=12[∫0∞Q(γ1)fγ1Rayleigh(γ)dγ1+∫0∞Q(γ2)fγ2Rayleigh(γ)dγ2]
(13)

By substituting the Gaussian Q-function (10) can be rewritten using [[29], Eq. (5.2)]


P¯2(e)=12[1π∫0π2{∫0∞exp⁡(−γ12sin2θ)fγ1Rayleigh(γ)dγ1}dθ+1π∫0π2{∫0∞exp⁡(−γ22sin2θ)fγ2Rayleigh(γ)dγ2}dθ]
(14)

where PDF of the SNRs for the Rayleigh distribution is given by [[29], Eq. (5.4)]


fγ1Rayleigh(γ)=1γ¯1e−γγ¯1
(15)


fγ2Rayleigh(γ)=1γ¯2e−γγ¯2,γ≥0
(16)

Using [[29], Eq. (5.3)], the term 
{∫0∞exp⁡(−γk2sin2θ)fγk(γk)dγk}
, k = 1, 2 represents using Moment Generation Function (MGF) for the Rayleigh fading and (14) is expressed in terms of MGF as


P¯2Rayleigh(e)=12[1π∫0∞Mγ1Rayleigh(−12sin2θ)dθ+1π∫0∞Mγ2Rayleigh(−12sin2θ)dθ]
(17)

Using [[29], Eq. (5.5)], 
MγkRayleigh
k = 1, 2 for Rayleigh fading is expressed as


Mγ1Rayleigh(−s)=11+sγ¯1,Mγ2Rayleigh(−s)=11+sγ¯2
(18)

where 
s=−12sin2θ
for BPSK modulation. With the use of [[29], Eq. (5.6)], by substituting (18) in (17), the error probability of far user becomes


P¯2Rayleigh(e)=14[(1−γ¯12+γ¯1)+(1−γ¯22+γ¯2)]
(19)

3.2 Average Error Probability of Near User Under Rayleigh Fading

In NOMA system, the near user signal is decoded after canceling the far user information using SIC process. Far user information can be decoded correctly or erroneously during SIC process. Therefore, the error probability of near user is calculated as the sum of error probability under far user information decoded successfully and erroneously. The constellation map is shown in Fig. 3.


P1Rayleigh(e)=P1(e|U2successful)+P1(e|U2unsuccessful)
(20)
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Figure 3: Signal constellation map for U1 signal detection (a) Decision boundary for U1 when U2 is detected successfully, (b) Decision boundary for U1 when U2 is detected unsuccessfully

In (20), P1(e) represents the probability of error at U1, p1(e|U2successful) indicates error probability of U1, while U2 the signal is detected successfully. p1(e|U2unsuccessful) represents error probability of U1, when U2. signal is detected incorrectly. The constellation map of correct decoding and incorrect decoding of U2 is illustrated in Fig. 3. U1 signal is affected by channel fading and AWGN noise after SIC mechanism. During the detection of U1 symbol, the error probability of successful detection of U2 the symbol is considered as prior probability of different superimposed signals. Therefore, p1(e|U2successful) is expressed as


P1(e|U2successful)=12{[Pr(n1≤(a2−a1)(gHθg1+hD1))Pr(n1≤−a1(gHθg1+hD1)|n1≤(a2−a1)(gHθg1+hD1))]+[Pr(n1≤(a2+a1)(gHθg1+hD1))Pr(n1≥a1(gHθg1+hD1)|n1≤(a2+a1)(gHθg1+hD1))]}
(21)

Using conditional probability of two events A and B, 
P(A|B)=P(A∩B)P(B)
, (21) is written as,


P1(e|U2successful)=12{Pr(n1≤−a1(gHθg1+hD1))+Pr(a1(gHθg1+hD1)≤n1≤(a2+a1)(gHθg1+hD1))}
(22)

The first term 
Pr(n1≤−a1(gHθg1+hD1))
and second terms 
Pr(a1(gHθg1+hD1)≤n1≤(a2+a1)(gHθg1+hD1))
of (22) can be represented in Q-function as


Pr(n1≤−a1(gHθg1+hD1))=Q(γ3)
(23)


Pr(a1(gHθg1+hD1)≤n1≤(a2+a1)(gHθg1+hD1))=Q(γ3)−Q(γ4)
(24)

where, 
γ3=2(a1)2|gHθg1+hD1|No2
, 
γ4=2(a1+a2)2|gHθg1+hD1|2No
and the mean values are 
γ¯3=2(a1)2E[|gHθg1+hD1|2]No
, 
γ¯4=2(a1+a2)2E[|gHθg1+hD1|2]No
.

Therefore error probability of U1 when s2 detected correctly is calculated by substituting (23) and (24) in (22) as


P1(e|U2successful)=12[2Q(γ3)−Q(γ4)]
(25)

In case of incorrect detection of s2, this is shown in Fig. 3b. When the symbol b2 = 1 is transmitted for U2 and is decoded as b2 = −1. Thus, the error probability of symbol s1 at U1 is calculated by taking the product of the error probability of every symbol in the constellation map shown in Fig. 3b. with respective prior error probability of U2 symbol. From the constellation map, p1(e|U2unsuccessful) is expressed as


P1(e|U2unsuccessful)=12{[Pr(n1≥(a2−a1)(gHθg1+hD1))Pr(n1≤(2a2−a1)(gHθg1+hD1)|n1≥(a2−a1)(gHθg1+hD1))]+[Pr(n1≥(a2+a1)(gHθg1+hD1))Pr(n1≥(2a2+a1)(gHθg1+hD1)|n1≥(a2+a1)(gHθg1+hD1))]}
(26)

P1(e|U2unsuccessful) in (26) is rewritten using ML principle as


P1(e|U2unsuccessful)=12{[Pr((a2−a1)(gHθg1+hD1)≤n1≤(2a2−a1)(gHθg1+hD1))+Pr(n1≥(2a2+a1)(gHθg1+hD1))]}
(27)

The first 
Pr((a2−a1)(gHθg1+hD1)≤n1≤(2a2−a1)(gHθg1+hD1))
and second term 
Pr(n1≥(2a2+a1)(gHθg1+hD1))
of (27) are expressed in terms of Q-function as


Pr((a2−a1)(gHθg1+hD1)≤n1≤(2a2−a1)(gHθg1+hD1))=Q(γ5)−Q(γ6)
(28)


Pr(n1≥(2a2+a1)(gHθg1+hD1))=Q(γ7)
(29)

where 
γ5=2(a2−a1)2|gHθg1+hD1|No2
, 
γ6=2(2a2−a1)2|gHθg1+hD1|No2γ7=2(2a2+a1)2|gHθg1+hD1|No2
and their corresponding mean expressions are 
γ¯5=2(a2−a1)2E[|gHθg1+hD1|2]No
, 
γ¯6=2(2a2−a1)2E[|gHθg1+hD1|2]Noγ¯7=2(2a2+a1)2E[|gHθg1+hD1|2]No

By substituting (28) and (29) in (27), P1(e|U2unsuccessful) is written as


p1(e|U2unsuccessful)=12[Q(γ5)+Q(γ7)−Q(γ6)]
(30)

By combining (25) and (30) and using (13), (14), (17) and (18) the probability of error for near user U1 signal is written using as,


P¯1Rayleigh(e)=12(1−γ¯32+γ¯3)+14[γ¯42+γ¯4−γ¯52+γ¯5+γ¯62+γ¯6−γ¯72+γ¯7]
(31)

3.3 Average Error Probability of Far User Under Rician Fading

The average error probability of far users under the Rician fading channel is derived by substituting the PDF and MGF of Rician distribution in (14). Where PDF of Rician fading is expressed using [[29], Eq. (5.10)]


fγkRician(γ)=(1+K)γ¯ke−Kexp⁡[−(1+K)γkγ¯k]Io[2K(1+K)γkγ¯k],k=1,2
(32)

where Io [] represents the modified Bessel function. Similarly, the MGF of Rician fading using [[29], Eq. (5.11)] is represented by


MγkRician(−s)=(1+K)1+K+sγ¯kexp⁡[−Ksγ¯k1+K+sγ¯k],s>0,k=1,2
(33)

By substituting alternate representation of MGF for Rician fading in (17), the average error probability of far user is expressed as


P¯2(e)=12[1π∫0∞Mγ1Rician(−12sin2θ)dθ+1π∫0∞Mγ2Rician(−12sin2θ)dθ]
(34)

Therefore by substituting (34), the average error probability for the far user under Rician fading can be expressed as


P¯2Rician(e)=12{ 1π∫0π2(1+K)sin2θ(1+K)sin2θ+γ¯1exp[ −Kγ¯1(1+K)sin2θ+γ¯1 ]dθ+1π∫0π2(1+K)sin2θ(1+K)sin2θ+γ¯2exp[ −Kγ¯2(1+K)sin2θ+γ¯2 ]dθ}
(35)

3.4 Average Error Probability of Near User Under Rician Fading

Similarly, the error probability of successful detection of U2 signal at near user under Rician fading can be expressed by introducing (32) and (33) in (25)


P¯1(e|U2successful)Rician(e)=12{ 2π∫0π2(1+K)sin2θ(1+K)sin2θ+γ¯3exp[ −Kγ¯3(1+K)sin2θ+γ¯3 ]dθ−1π∫0π2(1+K)sin2θ(1+K)sin2θ+γ¯4exp[ −Kγ¯4(1+K)sin2θ+γ¯4 ]dθ}
(36)

The error probability of unsuccessful detection of U2 signal at near user for Rician fading is expressed by rewriting (30)


P¯1(e|U2unsuccessful)Rician(e)=12{ 1π∫0π2(1+K)sin2θ(1+K)sin2θ+γ¯5exp[ −Kγ¯5(1+K)sin2θ+γ¯5 ]dθ−1π∫0π2(1+K)sin2θ(1+K)sin2θ+γ¯6exp[ −Kγ¯6(1+K)sin2θ+γ¯6 ]dθ+1π∫0π2(1+K)sin2θ(1+K)sin2θ+γ¯7exp[ −Kγ¯7(1+K)sin2θ+γ¯7 ]dθ}
(37)

Thus the total average error probability at U1 under Rician fading is calculated by summing (36) and (37)


P¯1Rician(e)=P¯1(e|U2successful)Rician(e)+P¯1(e|U2unsuccessful)Rician(e)
(38)

4  Simulation Results

In this section, we analyze the error probability expressions of near and far user numerically and verify the results via simulations. The simulation parameters are listed in Tab. 2.
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4.1 Theoretical BER Evaluation of Proposed Method with Coherent Phase Shifting

In the simulation results, near and far users are denoted as U1 and U2. The IRS-NOMA transmission is investigated at an indoor environment model [30] with a path loss exponent of 1.6. Far user is allocated with the factor of α =0.8, wherein near user with α =0.2. The derived analytical expressions for Rayleigh [(19) and (31)] and Rician fading [(35) and (38)] channel are verified via simulations as shown in Figs. 4a and 4b. The simulation results show the accuracy of the derived expression. We also compare the performance of the derived BER expressions of the proposed two-user IRS-NOMA system with simulation results.
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Figure 4: Performance verification of derived expressions under Rayleigh and Rician channel (a) coherent phase shifting, (b) random phase shifting

4.2 Theoretical BER Evaluation of Proposed Method with Random Phase Shifting

Fig. 4b illustrates the analytical BER performance of the IRS-NOMA system with random phase shifting at IRS under Rayleigh and Rician fading. It has been shown that the BER of users at coherent phase-shifting outperforms the random phase-shifting method in low SNR regions.

4.3 Performance Comparison Between NOMA and IRS Aided NOMA System

The impact of IRS in the NOMA system is evaluated as shown in Fig. 5, it has been demonstrated that BER performance of IRS aided NOMA system outperforms the conventional NOMA system under both fading channels. The proposed IRS-NOMA system achieves an approximate 30 dB SNR gain to obtain 10−3 BER than NOMA system for both users from the simulation results. From the simulation analysis, the proposed IRS-NOMA outperforms NOMA, especially in the low SNR region. While comparing the BER-performance of the proposed IRS-NOMA system with the conventional NOMA system in [15], the former has a gain of 30 dB SNR at BER of 10−3 under Rayleigh fading channel. Wherein [15] considers QPSK modulation for near users and BPSK for far users. The performance comparison between the proposed IRS-NOMA system with reference to NOMA system [[15], Fig. 4a] is listed in Tab. 3. It has been shown that introducing IRS in NOMA system enhances the BER performance considerably than NOMA system. The proposed simulation work as shown in Fig. 5 is obtained by considering BPSK modulation for both users with the pathloss exponent of 1.6 and 32 number of reflective elements in IRS under Rayleigh fading channel.
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Figure 5: BER comparison between IRS-NOMA and conventional NOMA system (a) Rayleigh fading, (b) Rician fading
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4.4 Effect of Power Allocation Factor on IRS-NOMA System Under Rayleigh and Rician Fading

The effect of power allocation on BER performance of IRS-NOMA system is investigated and illustrated as shown in Fig. 6. The variations of BER performance with power allocation for various transmit SNR are analyzed and illustrated as shown in Fig. 7. In case of U1, though the power allocation is increased, the BER performance is limited because of SIC process. The better BER performance is achieved at α = 0.25with the transmit SNR of −10 dB under both fading channels.
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Figure 6: BER performance evaluation for different power allocation factors (a) Rayleigh fading, (b) Rician fading
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Figure 7: Impact of power allocation on BER performance for different SNR (a) Rayleigh fading, (b) Rician fading

5  Discussion

In the simulation results, both Rayleigh and Rician channel fading are considered. Rician distribution has dominant LoS component, therefore the performance of Rician channel is better than Rayleigh channel. In Rician fading BER of 10−3 is obtained with 10 dB lesser SNR compared to Rayleigh fading channel as illustrated in Fig. 4a. Similarly, the random phase-shifting method requires 20 dB more SNR than coherent phase shifting to achieve the particular BER as shown in Fig. 4b.

As shown in Fig. 6, effect of power allocation also influences the performance of IRS-NOMA system. Under Rayleigh fading, the BER performance of U2 is better at power allocation α = 0.55, it achieves 2 dB SNR gain to reach the BER of 10−3 than power allocation of α = 0.8. In the case of U1, the better performance is obtained at α = 0.2. In case of Rician fading, a 5 dB SNR gain is obtained for far users at α = 0.55 than α = 0.8. The proposed work is analyzed for an indoor environment; the optimum number of reflective elements with appropriate power allocation factor decides the performance of the proposed system.

6  Conclusion

In this paper, we derive the closed-form error probability expressions for two-user downlink NOMA system by considering SIC over Rayleigh and Rician fading channel. We consider random and coherent phase shifting at IRS. Based on the simulation results, we analyze performance comparison between IRS aided NOMA and NOMA systems. Our objective is to improve the error rate performance of the proposed system considering the practical SIC method. From the evaluation results, the proposed IRS-NOMA outperforms NOMA in the low SNR region. We evaluate the effect of the number of reflective elements on BER performance. The proposed system is analyzed by considering the simulation set up of indoor pathloss model with minimum pathloss. We have considered the fixed distance among the devices. The proper placement of IRS could be explored. The simulation results are obtained with 32 number of reflecting elements at IRS. The power consumption of the passive reflecting elements will be considered for evaluation in the future. In the future, we optimize the IRS parameters to further enhance the performance of the proposed IRS-NOMA system.
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Table 1: List of mathematical notations

Notation

Description

0
PiRayleigh (€), Porayleigh(€)
PRician(€), Parician(€)
E[]
fYkRayleigh (V)
kaRician h')
L[]
YiRayleigh
ViRician
hp; and hp,
g
g1 and g,
Diag( )
CMxN

O"

Phase shift matrix introduced at IRS

Average error probability of U; and U, under Rayleigh fading channel
Average error probability of U; and U, under Rician fading channel

Expectation operator

PDF of the SNR 7, under Rayleigh fading

PDF of the SNR 7, under Rician fading
Modified bessel function

Moment generating function of Rayleigh fading
Moment generating function of Rician fading
Direct channel fading between BS-U; and BS-U,
Channel fading between BS-IRS

Channel fading between IRS-U; and IRS-U,
Diagonal matrix

MxN complex valued matrix

Conjugate transpose
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Table 3: BER Performance comparison of IRS-NOMA and NOMA system

Target User Required transmit SNR(dB)- Required transmit SNR(dB)-
BER NOMA [13] IRS-NOMA
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Table 2: Simulation parameters

Parameters Type
Channel AWGN
Modulation BPSK

Power allocation for users

Number of transmitted bits

Fading channel

Number of passive reflecting elements
Rician factors

Distance between BS-U,,BS-U,
Distance between BS-IRS

Distance between IRS-U,;, IRS-U,
Pathloss exponent (y)
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