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Abstract

Recently, the sixth generation (6G) networks have become tremendous research topics. Intelligent
reflecting surface (IRS) technologies have been envisioned, to increase spectrum and energy efficiency for the
fifth generation (5G) mobile networks, towards the sixth generation (6G) communications. In this paper,
especially for the strongest channel gain user, we investigate the bit-error rate (BER) of non-orthogonal
multiple access (NOMA) systems with intelligent reflecting surface (IRS). First, we derive a BER expression
in a closed-form of Q functions. Second, we investigate the BER performance improvement of IRS NOMA
systems over NOMA systems versus the power allocation. Moreover, we analyze the BER performance
improvement of IRS NOMA systems over NOMA systems versus the number of IRS devices. In results, NOMA
equipped with IRS technologies could play an important role in the paradigm shift from 5G mobile networks
to 6G mobile networks.
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1. Introduction

Recently, the most of mobile communications have been using the fifth-generation (5G) communications
[1]. Non-orthogonal multiple access (NOMA) is considered as key technologies in 5G [2-4]. However, the
power efficiency and spectral efficiency have been more required in the sixth-generation (6G) networks [5].
The intelligent reflecting surface (IRS) has been investigated to solve the demands [6-8]. Therefore, this low-
cost antenna device can be used to NOMA, i.e., IRS-NOMA. Then, spectral efficiency and the connectivity
would be increased by IRS-NOMA. For non-uniform source NOMA, the bit-error rate (BER) was analyzed
[9]. A bit-to-symbol (BTS) in NOMA has been proposed [10]. In this paper, especially for the strongest channel
gain user, we investigate the bit-error rate (BER) of NOMA systems with IRS. First, we derive a BER
expression in a closed-form of Q functions. Second, we investigate the BER performance improvement of IRS
NOMA systems over NOMA systems versus the power allocation. Moreover, we analyze the BER
performance improvement of IRS NOMA systems over NOMA systems versus the number of IRS devices.
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o We derive a BER expression in a closed-form of Q functions.

e Then, we investigate the BER performance improvement of IRS NOMA systems over NOMA
systems versus the power allocation.

e Moreover, we analyze the BER performance improvement of IRS NOMA systems over NOMA
systems versus the number of IRS devices.

2. System and Channel Model

An IRS-NOMA transmission system is considered from a base station to two users. There is a direct channel
between the strongest channel gain user and the base station. The direct channel is Rayleigh distributed,
denoted by h having the second moment EIZE“;,JZ} . The base station sends the superimposed signal

x = [Pas, + JPQ- aJs,, where the total transmitted power is 7. the signal s is with the unit power for
the mth user, m= 1,2, and the power allocation coefficient is « .. After successive interference cancellation
(SIC), the signal r, received by the strongest channel gain user is expressed by

n= |h|\/@51+ N, (1)

where h=h +h{, ©h,, and additive white Gaussian noise (AWGN) is n, ~ N(0,N, /2) . For a given number
N of IRSdevices, h,, denotesthe N- 1 flat-fading channel from the basestation to the IRSand h,, isthe

flat ~ =<1 y channel from the IRS to the strongest channel gain user. The IRS is expressed by the diagonal

matrix 0 — wdiag(e, .. &), i€, e (0,17 plitude reflection coefficient and the phase-shift variables
are .. 6,0, obtains the maximum channel gain:
N
|h|1nﬂx - ‘]71‘ + (UZ‘<hbi’ )ir (hf'lf )n‘ - |hl| +§‘ (2)

- n=l

where (: = U)i|(hb;» ),, (hru ),,

n=1

3. BER Expression over Rayleigh Fading for IRS-NOMA

For the strongest channel gain user, an analytical expression for the BER of IRS-NOMA is derived over
the Rayleigh fading direct link. We start from The following conditional BER:

(IRS-NOMA) -0
l”hl‘

(|f”‘1\+75):ﬁ 3)
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[:33
where 0(y)= f ‘\%edez . Then we average aﬁ'ﬁf"“om) over the Rayleigh fading pdf,

(RS-NOMA) __ (|hl|+ )”GP\ |;| | | )
e A ey RS L1 @)
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We integrate as follows:
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where the SNR is as y, . = P ith 75 = LV bnom © Coomm = S and the variables are changed by

N ’ =

JZig =i and x=|g|+& . - By the integration by parts
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By changing x— 2= __, we have
(T+7)
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By changing the variable «/2(1+ %)y = x, finally, we have

s o )y e 0 [‘ P eATd

(8)

=Q[ za'b:r%onn]_gl 2(]+]'b)‘:§onn[ }'b' ](’ \

4. Numerical Results and Discussions

Numerical results are presented; to this end, we assume that w=1, % =1, (hb,)nz 0.01 and
(hru )n = 0.01. First, we depict the BERs versus 0#a 0.5, to investigate the BER improvement, with N = 100,
in Figure 2.
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Figure 1. Comparison of BERs of IRS-NOMA and NOMA systems for strongest channel gain user,
(o#a 05)
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The BER performance of the IRS-NOMA network improves over 0#a 0.5, compared to that of the NOMA

system, as shown in Figure 2.

Second, to verify the BER improvement for reflecting elements N, we show the BERs versus N, with

a= 0.1, in Figure 2.
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Figure 2. Comparison of BERs of IRS-NOMA and NOMA systems for strongest channel gain user,

(o#N 100)

We observe that the BER of IRS-NOMA improves greatly with the number of IRS elements N, with respect
to IRS system, as shown in Figure 3,

5. Conclusion

In this paper, especially for the strongest channel gain user, we investigate BER of NOMA systems with
IRS. First, we derive a BER expression in a closed-form of Q functions. Second, we investigate the BER
performance improvement of IRS NOMA systems over NOMA systems versus the power allocation.
Moreover, we analyze the BER performance improvement of IRS NOMA systems over NOMA systems versus
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the number of IRS devices.

As a result, IRS NOMA have been considered as promising technology to enhance spectral efficiency and
the energy for wireless communication networks. Especially, IRS NOMA is able to reconfigure signal
propagation environment to intelligently perform tuning IRS units for changing the phase or magnitude of the
incident signal. Therefore, the reflected signal over IRS can be focused toward the desired user and removed
out the others.
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