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ABSTRACT Future 5G technologies increase spectrum efficiency and wireless capacity by supporting
numerous connections at once. New designs are therefore required in order to support the future 5G
vision. A desirable technique for beyond 5G, device-to-device (D2D) communication improves spectrum
efficiency, capacity and lowers end-to-end latency as devices in close proximity interact directly with
one another without using cellular infrastructure. As a result, the network needs a new, efficient D2D
communication framework that can boost network performance. D2D communication with re-configurable
intelligent surface (RIS) improves the performance of a communication network. In this work, a multi-
RIS-assisted D2D communication using non-orthogonal multiple access (MRDN) network is studied. The
proposed MRDN network model investigates the outage and throughput performance over Rician fading
channels. Two possibilities are taken into consideration in this regard: (i) choosing the best received signal,
and (ii) combining all received signals. Influence of imperfect successive interference cancellation (SIC) is
explored to maintain practicability as NOMA is employed. In this regard, a thorough network modeling is
carried out and new analytical formulas for the probability density function (PDF) of the equivalent channel
and combined channel, outage, and throughput are developed. It is observed that combining of all received
signals scenario performs better as compared to the other one. The impact of the number of RIS elements
on the performance of the MRDN is significant. The performance of MRDN improves as the number of
RIS increases. Performance of non-orthogonal multiple access (NOMA) scheme is also compared with
the conventional orthogonal multiple access (OMA) scheme. Capacity gain is also investigated to test the
superiority of NOMA over OMA.

INDEX TERMS D2D communication, MRDN, NOMA, throughput, RIS, outage.

1. INTRODUCTION resource allocation, mode selection, link selection, and relay

In recent years, the rapid increase in wireless devices as
well as the enormous growth in data traffic have fueled the
demand for more efficient and dependable communication
technologies [1]. Device-to-device (D2D) communication
can be one of the possible solutions to this problem,
which allows direct communication between adjacent wire-
less devices without the need for a centralised network
infrastructure [2]. On the other hand, D2D communication
has technological challenges like interference management,
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selection [2], [3], [4] etc. Urban areas are becoming more
crowded and denser due to rapid development and mass
mobilisation. Beyond 5G, wireless communication networks
are predicted to be ultra-dense due to the massive demand
for wireless services. As a result, there is an exponential
growth in both wireless users as well as obstacles to wireless
signals. An inexpensive reconfigurable intelligent surface
(RIS) has been studied to enhance coverage and serve all
users adequately. In this context, reconfigurable intelligent
surfaces (RISs) are emerging as a promising technology
capable of dramatically improving network coverage and
providing adequate coverage to all users [5]. Even a RIS
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assisted network is helpful to reduce the effect of doppler shift
and multipath fading effectively [6], [7]. The performance of
D2D networks can be enhanced by integrating RIS into the
network [8].

A RIS-assisted D2D network is helpful to establish
connectivity between D2D devices when no direct path is
available [9], [10], [11]. A RIS-assisted D2D communication
network is studied over Rician fading channels in [10].
It is also observed that with an increment in the number
of reflecting elements of RIS, there is an improvement in
system performance in terms of outage probability, ergodic
achievable rate, and average bit error rate [11], [12]. Authors
studied the impact of hardware impairment on the proposed
D2D network. They observed that the effect of hardware
impairment can be mitigated with an increase in passive
elements of RIS. In [13], a RIS assisted network is studied
where multiple D2D users share the same cellular spectrum.
The obtained results indicate that with deployment of RIS in
the proposed D2D network, interference at the D2D receivers
can be effectively reduced and it helps to achieve a much
higher sum-rate in comparison to network without-RIS [13].
In [14], quality of service analysis is carried out for a RIS-
assisted D2D communication network. The study considered
both cases when the channel state information (CSI) is known
at the transmitter and vice versa. Authors have observed that
when CSI is not known, the packet drop ratio increases, so a
hybrid automatic repeat request retransmission mechanism is
applied to increase the throughput. The authors also observed
that with an increase in the number of RIS elements, effective
throughput can be improved up to five times.

The authors of [9], [10], [11], [12], and [13] proposed
above works with Orthogonal Multiple Access (OMA).
According to [15], the OMA is not sufficiently capable
of managing and serving a huge number of users in a
future communication network. On the other hand, many
multiple-access techniques have been proposed while con-
sidering the future communication network, among which
non-orthogonal multiple access (NOMA) is the most popular
among researchers [15]. Good connection, low latency, and
good spectral/energy efficiency are all capabilities of the
NOMA. NOMA distributes non-orthogonal resources to
numerous users, resulting in improved spectral efficiency,
as opposed to orthogonal multiple access (OMA) systems
that utilise orthogonal resources. Using only NOMA or RIS
may not provide the full benefits of the technologies in many
applications [16]. Integrating the RIS assisted network with
the NOMA scheme can improve the system performance
extensively [16]. The RIS-assisted NOMA network has much
superior network performance than the OMA network [17].
The RIS-assisted NOMA network may have two possible
ways of beamforming: each beam can serve multiple users at
a time, or each beam can serve only one user [18]. In [19],
the performance of near and far users is studied for the
RIS-assisted OMA and NOMA networks while considering
hardware impairments. Authors have found that system
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performance depends on the transmit power, power allocation
factors, and number of RIS elements. According to [20],
the RIS-assisted communication is better performer than a
full-duplex relay based communication. In [21], the secrecy
of outage probability is examined in the RIS-assisted NOMA
network in the presence of eavesdroppers. The authors had
observed that there was a negative impact from the increase
in the number of RIS elements on secrecy performance,
as eavesdroppers can also benefit from RIS. Moreover,
secrecy performance can be enhanced by using group
selection. The studies of the above-mentioned articles [17],
[18], [19], [20], [21], clearly indicate that adopting the
NOMA scheme in a RIS-assisted network can improve the
network performance significantly.

D2D communication is also explored with RIS-assisted
networks using the NOMA scheme to enhance the per-
formance of a D2D network [22], [23], [24]. The authors
of [23] and [24], observed enhancements in spectral and
energy efficiency with the inclusion of the RIS and NOMA
scheme in their proposed D2D network. Moreover, the
authors of [24] proposed a hybrid-NOMA scheme that
performs better in comparison to RIS-NOMA and RIS-
OMA schemes over the proposed network. The effect of
the RISE-6G project of European Union (EU), which is
targeting the network of 2030 and beyond, inspired the
researchers to explore the possibility of a multi-RIS-assisted
communication network [25], [26].

Various multi-RIS-assisted networks are examined to
enhance the performance of the different network scenar-
ios [27], [28], [29], [30], [31], [32]. The proposed study
of [27], indicates that there is a significant impact on network
performance from the use of multiple RISs and the increase in
the number of RIS elements. Multiple-RIS-assisted networks
also help to improve energy efficiency and reduce the failure
rate of D2D users [28]. In [29], multiple RIS-assisted D2D
communication using the NOMA scheme is studied. Here,
the authors examined a scenario where different groups of
D2D users are assisted by multiple RIS to enhance the
data rate of D2D groups. They have observed that system
throughput can be enhanced by increasing the number of RIS
in the network or by increasing the number of RIS reflecting
elements. In [30], considering the situation of dense urban
areas and large dense factries where the path of the single
RIS itself is blocked, multiple RISs are assisting to extend
the transmitted signal. The authors observed an enhancement
in ergodic capacity with an increase in the number of
RISs and RIS-reflecting elements. In [31], the authors
present the different deployment scenarios of RIS-assisted
communication networks to enhance the connectivity and
reliability of the following wireless communication networks
based on the suggestions of the ongoing EU RISE 6G project.
The investigation of a NOMA-enabled D2D communications
system with several RIS deployments to improve service
quality for mobile D2D groups is found in [29]. A multi-
agent multi-pass deep Q-network based framework is used to
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optimize the sub-channel assignment, power allocation, and
phase shifts adjustment policy of mobile D2D groups in order
to maximize the average sum data rate [29]. Reference [32]
examined the ergodic capacity and outage probability of the
multi-RIS assisted multi-user NOMA system. Researchers
found that the NOMA system with RISs performs much
better in terms of outage probability and ergodic capacity. The
active beamforming vectors, passive reflecting coefficients,
and power splitting coefficients are jointly optimized in [33]
to maximize the achievable information rate among all users
while taking into account their minimum harvested energy
needs and the transmitter’s overall power budget.

A. MOTIVATION AND CONTRIBUTIONS

The above discussion motivates to explore the opportu-
nities to develop an effective and robust communication
network model that can match the expectations of future
wireless communication. D2D communication lessens the
base station’s traffic burden, whereas NOMA offers service
to several customers at once while using the same frequency
resource and reducing interference with SIC, resulting in
improved spectrum efficiency. A limited degree of control
over channels is further provided via RIS integration.
Thus, in this article, RIS-assisted D2D communication is
investigated considering Rician fading channels, where D2D
users are using the CU channel for their signal transmission
using NOMA scheme. To improve the user experience,
multiple RISs are placed in the considered network. The pro-
posed multi-RIS-assisted D2D communication using NOMA
(MRDN) network is examined for two different scenarios:
selection of the best among the signals received via RISs and
combining the received signals. New analytical frameworks
for performance metrics have been developed. The primary
contributions of this article are highlighted below:

o In this work, a MRDN network is proposed. Over
Rician fading channels, the proposed network model is
investigated.

o Both the dominant NLoS and LoS conditions are
discussed and investigated for the proposed MRDN
network.

o The proposed MRDN is examined over two scenarios:
(i) Case-1: Selection of the best signals and (ii) Case-2:
Combining of the received signals.

« New analytical expressions for the probability distribu-
tion functions of the equivalent and combined channels,
outage, and network throughput are developed.

« Impact of degree of imperfection in SIC on the network
performance is studied.

« Capacity gain of the proposed MRDN network model is
also investigated.

B. ORGANIZATION OF THE PAPER

The paper is organized as follows: In Section II, network
modeling and performance analysis of the proposed network
model is discussed. Results and related discussions are
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TABLE 1. Acronyms.

Acronyms Meaning
BS Base station
CU Cellular user
CSI Channel state information
D2D Device to Device
MRDN multi-RIS-assisted D2D communication with NOMA
NLoS Non Line of Sight
NOMA Non-Orthogonal Multiple Access
OMA Orthogonal Multiple Access
RIS Reconfigurable Intelligent Surface
SIC Successive interference cancellation
SNR/SINR | Signal-to-noise ratio/Signal-to-interference-plus-noise ratio

TABLE 2. Glossary of principal symbols.

Symbols Meaning
hBi k Link among BS and the &, pacth of RIS-i
81lik Link among k, pacth of RIS-1 and D;
82ik Link among &, pacth of RIS-2 and D;
D; iy, D2D user
nii/ni2/n21/na2 AWGN noise
o2 Variance of the noise signal
vf/2of Power in LoS/ NLoS component
Ar/Cu sensing/ censoring threshold
Yp1,i/VD2,i Received SNR at D1 and D2 through iy, RIS
Yp1,c/Yp2,C Received SNR at D1 and D2 for Case — 2
Pout ,Di,s Probability of outage at iy, D; for Case — 1
Pous,pi,c Probability of outage at iy, D; for Case — 2
Rp,/Rrr Throughput for i;, D; / Total system

presented in Section III and finally conclusion of the present
study is presented in Section IV. In section IV, appendix is
included where detail derivations are given. List of acronyms,
symbols, and parameters value are given in Table. 1, Table. 2,
and Table. 3.

Il. SYSTEM MODEL
The system model for the proposed MRDN is shown in
Fig. 1. In this proposed work, it is assumed that the direct
paths between BS and D2D users (D;) are blocked, thus,
BS transmits the information signal via RISs to the D2D
users (D; where i = 1,2, and M). To improve the
experience of D2D users, M RISs are considered in the
proposed network and they are placed at different locations
as shown in Fig. 1. In Fig. I, M = 2, i.e., the MRDN
network consists of two RISs (RIS-1 and RIS-2), they are
identical and each consists of N reflecting patches. In the
considered network model, the users D; and D, receive infor-
mation through RISs using NOMA scheme and sharing the
CU band.

Here, hpi x and hpy  represent the first hop links, i.e.,
the links between BS and the k;, patch of RIS-1 and RIS-2
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RIS-2
RIS controller
e ﬁ
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——>-Transmission Links through RIS-1
———— > Transmission Links through RIS-2

FIGURE 1. System model for transmission between BS and D2D users
through RISs, M = 2.

respectively. Similarly, g11 x and g2 x represent the second
hop links for D and D; from RIS-1, i.e., the links between
kq patch of RIS-1 and Dy and D; respectively. Similarly, g1 &
and g2 ; represent the second hop links for D and D, from
RIS-2, i.e., the links between kg, patch of RIS-2 and D and
Dy respectively where k = 1,2, ..., N. Channel vector for
BS to RIS-1is given by hgi = [hg1,1, k12, - - ., gy ] for
BS toRIS-2is given by hg> = [hp.1, k2o, - . hgon ]| sand
for RIS-i to D; is given by gii = [g,',"l, &ii 2y n - g,',"N]T
where i = 1, 2. Here, all the first hop and second hop links
are assumed to be Rician faded, independent and identically
distributed (i.i.d.). The envelope of the channels in the first
hop exist with shape parameter K ; and scale parameter
Qp k. Similarly, the envelope of the channels in the second
hop exist with shape parameter K;; x and scale parameter
Qii k. Let the power in line of sight (LoS) component is
v% and the power in non-LoS (NLoS) component is Zakz.
Thus, the shape parameter and 2scale parameter can be

described as Kpy = Kiix = and Qpr = Qiix =

s

2(7,(2 ’

v% + 20,3.

A. CHANNEL MODEL

Each end-end link (BS to a D2D user) can be described by
N

H.y = > Hy where Hy = hi gy and H,y is called equivalent

=1
channel coefficient. Since, & and g both are Rician faded,
PDF of Hj can be expressed as [34],

o, 20 X (4KL K] 21) 72
— Lo , 1
=22 ek Y

j=1 i=1

i+j+2)/2
where Z; = (Qbyksz,-i,k)(ﬁﬂr P2 7y = Ki—i (2x/QwxQiik)
and K,,(.) is the modified Bessel function of second kind and

N N
orderv. Here, |H| = > |Hx| = D |h|lgk|. The mean value

k=1 k=1
of hy and gy, i.e., E[|hx|] and E[|gk|] and their variance, i.e.,
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FIGURE 2. PDF of fy;(x) for dominant NLoS and dominant LoS
component.

Var[|hi|] and var[|gk|] are given by,

Ellh |1 = EI| |]—ﬁoL i
= Ellgell =/ S0kl 20,3’

) 2
b Y

Var(|h )= Varl|g1=20¢ +v; = =of | Lip(—25 )| -
2 207

2)

where Li 2 (x) = exp(3) [(1 — )y (=3) —xI1 (=5)]. 1)
is the v-th order modified Bessel function of first kind.
The PDF of H,, can be written as [34],

a

X X
= -1, 3
JHeg ) ba+11“(a+1)ex’7( b) )
(E[Heq))? Var[Hey
where @ = Jo s — 1 and b = St The PDF of Heg,

i.e., fu,,(x) for dominant NLoS and LoS conditions is shown
in Fig.2. The impact of a number of RIS elements on the
distribution is also shown in Fig. 3.

Proposition 1: A randomly distributed equivalent channel
coefficient is a multiplication of two channel coefficients
which follow Rician distribution. The mean and variance of
the randomly distributed equivalent channel coefficient (H)
are expressed as,

2
EllHeg] = 2F Z[L ( i )}
eqll = —5— 0 12\ =53
2 20

) Ty "1% ) 2

Var[|Heg|]=N | 207 ——o0} 1 L12 —— + Nvyi.
4 20

“4)

Proof: Detail derivation is given in Appendix A.
Now, the E[|H,4|] and Var[|H.4|] of H,, are evaluated for
two conditions: (i) Dominant NLoS and (ii) Dominant LoS
(refer to (5) and (6)).

1) DOMINANT NLoS
When NLoS is dominant, ak2 > vk. The analytical expression
of the mean and variance of H, i.e., E[|Hy4|] and Var[|H.4|],
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FIGURE 3. Impact of a number of RIS elements (N) on PDF of f (x) for

dominant NLoS component.

is evaluated for vy = 0 and sz = % Thus,E[|H,4|] and
Var([|Heg4|] can be written as

Nm
E[|Heq|] = T,
) )
Var[|Heyl]l = N (1 — R) .

2) DOMINANT LoS

When LoS is dominant, v; > O’kz. For an example, while
vi = 1 and okz = }‘, the LoS component becomes dominant.
Hence,E[|H,y|] and Var[|H.4|] can be written as

0.445 N7
E[|Heq|]=T,
varti < v (X 0.197972 N (©)
ar = - .
e 2 64

B. SIGNAL MODEL FOR DUAL RIS-ASSISTED
COMMUNICATION

The BS transmits a superimposed signal of x; and x; to both
the D2D users via RIS-1 and RIS-2 which is given by [35]

Sps =/ 1Px1 + / ¢2Px2, @)

where x1 is for Dy and x; is for D5, P is the transmit power of
BS, ¢ and ¢, are the power allocation coefficients for x; and
x2; and ¢ > ¢y with the criterion that ¢; + ¢» = 1. Power
allocation is done on the basis of channel condition. The
signal associated with good channel is allocated low power
and vice versa. For an example, if |H;|*> < |H;|?, then ¢; > ¢
where H; and H; are the channel coefficients associated with
the i-th and j-th users. The received signals at D; through
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RIS-1 and RIS-2 are given by

N
you1 =D hpixBeP gk (\/§01PX1 + \/§02Px2) + nii,

k=1
(8
N .
ypi2 = thz,kﬂe"p“gsz (\/ o1Px; + \/szxz) + nia,
k=1
)

where A x) = |h(,,k)| e—j@,ﬁ‘, 8k = |g(_’k)| e—j@,ﬁ’ (here 9,? and
9,? are the angles for up-link and down-link channels for k-th
element); ny] represents the sum of additive white Gaussian
noise (AWGN) for the link from BS to D; via RIS-1, nj;
represents the sum of AWGN for the link from BS to D; via
RIS-2, B is the RIS reflection loss, ¢y () denotes the phase
introduced at RIS, and 0,%“ = 031 , = 2. Ttis considered that
there is no reflection loss, i.e., 8 = 1 and the RIS controller
controls the phase introduced at RIS in a way that it cancels
out the total phase introductions in the up-link and down-link
(é() — 6 — 6f =0).

Hence, the received signal-to-interference-plus-noise
ratios (SINRs) at D; (signals received through RIS-1 and
RIS-2) can be expressed as,

2
@1P|Heg,11
IRES [Heq. 11 - (10)
02 + @2P|Heg 11
2
@1P|Heg 12
YD12 = Heq. 12 = (11)
02 + ¢2P|Heg 12
N _ N
where, Hpg 11 = th,kﬂ@’m‘gn,k‘ = > |hprillgiil
k=1 k=1
N ' N
and Heg 12 = hgo ik BEP2go1 k| = > |hpollgar k| as
k=1 k=1

B =1and |¢%0] = 1.
Similarly, the received signals at D, through RIS-1 and
RIS-2 are given by

N
Y21 = D hpi kB gk (\/ @1Px; + \/§02Px2) + na1,

k=1
(12)
N .
Y22 = D hp ke gan i (\/ @1Px1 + \/§02Px2) + n2a,
k=1
(13)

where ny; represents the sum of additive white Gaussian noise
(AWGN) for the link from BS to D; via RIS-1, ny; represents

the sum of AWGN for the link from BS to D, via RIS-2.

2

For simplicity, it is also considered that 0,1221 = 0., =

o where o2 is the total noise power. The SINR for decoding
of information of D at D, is given by,

2

@1P|Hey 21
yp2,1 = g2 5 (14)
0’,12 +¢2P|Heq,21
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2
Q1P |Heg 22
Y22 = — ey 7 (15)
o5+ ¢2P|Heq,22
where ypy 1 is the received SINR at D, (due to com-
munication through RIS-1) and ypp2 is the received
SINR (due to communication through RIS-2); Hey21 =

N .
> hp1kBeigin s
k=1

N _ N
> hearBeP2gn, k' = Z |hB2.k 11822,k |- After perfect suc-
k=1

cessive interference cancellatlon (SIC) the received signals at

D> can be expressed as,

N
= 2 |hgiillgizkl, and Heg2o =
q
k=1

yp2,1 = Heg21v/ @2Px2 + 121, (16)
yp2,2 = Heg 20+/ 02 Px2 + n22. (17)

If the SIC is imperfect, then the received signals can be
expressed as,

yp2,1 = Heg21 [\/§¢1PX1 + \/§02PX2] + noy, (18)
yp2.2 = Heg 22 [\/ Ep1Px + +/ <P2PX2] + n22, (19)

where E(;J1P|H(,)|2 is residual SIC and £ is the SIC ineffi-
ciency factor and its range is [0, 1]. Hence, the SNRs/SINRs
for perfect and imperfect SIC at D, (signals received through
RIS-1 and RIS-2) can be expressed as,

©2P|Heg 21 |2
o2

(P2P|ng 21|

[ 02 +£@1P|Heg21?

[ 02P|Heg 20|

o? ’
(02P|Heq,22|2

0} +EQ1PlHpg2|?

In this regards, two cases are considered:

(i) Case-1: Selection of best received signal.

(ii) Case-2: Combining of all received signals.

In Case-1, each D2D user selects the best between two
received signals and in Case-2, each D2D user combines both
the received signals.

, Perfect SIC

YD2,1 = (20)

Imperfect SIC

Perfect SIC

YD2,2 = 21

Imperfect SIC

C. CASE-1: SELECTION OF BEST RECEIVED SIGNAL

In this section, outage probability is evaluated for Case-
1 scheme. It can be achieved by selecting the maximum
received SNR/SINR. Thus, the selected SNR/SINR at D and
D> can be expressed as,

yp1,s = max (ypi,1, ¥p1.2) , (22)
yp2.s = max (yp2,1. ¥p2.2) - (23)

1) OUTAGE PROBABILITY
A D2D user suffers from outage while its receive SNR/SINR
falls below a threshold SNR.

Proposition 2: When the channels of a D2D network
are Rician faded, end-end communication is supported by
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dual-RISs and the D2D system follows the case-1, the closed
form expressions for outage for D2D users (D and D;) can
be described by the expressions given in (27) and (29).

Probability of outage at D; and D, occurs when the
received SNR/SINR falls bellow a outage threshold (y;;,). The
probability of outage at D can be expressed as

Pour.p1,s = P (vp1.s < vi)

(max (J/Dl 1, YD1 2) = )/th)
(J/Dl 1= Vth) (J/Dl,z < Vth)

Ci|Heg 111
=P %S%h
1+C2|Heq,ll|

Ci|Heg,121?
Pl <y ). 4

I+ C2|Heq,l2|
where C; = (plP/anz, and C; = <p2P/o,12. Here, both H,4 11
and H,g 12 follow the distribution of H,,. Now the aim is

. C1|H,
to find the Z = P (% = Vih
algebra (24) reduces to

Ci|Heq|?
Z=P| — 21— <y
1+C2|Heq|

= P(|Heq| = ythl)
Vihl
= | e, (25)

) After doing some

where 71 = |/ ¢ —ygzm‘ The PDF fy,, (x) given in (3) using

in (25), after some algebra and using [36], Z reduces to

_ 1 a
- b“+1r'(a+ 1) I:(l/b)“'H

Z al Vhl
Yihl

_ 1 —a—1
_ba+1F(a+1)(1/b) ( +1, b )
(26)

Hence, from (24), P,us,p1,s can be expressed as,

Poupis =2Z xZ

— 1 —a—1 Vihl 2
~[Fmaamom =y (o 5) |
27

The detail derivation of (26) is shown in Appendix-B. The
probability of outage at D, can be expressed as
Pour.p2,s = P (vp2.s < vin)
= P (max (yp2,1¥p2.2) < ¥in)
=P (yp21 <vm)P(vp22 <vm) (28)
Both H,, 3 and H,, 4 follow the distribution of H,,. Using

the same process as done in (25)-(27) and after doing some
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algebra, (28) reduces to

Pout,DZ,S

[ (1/b)=a! ?

Yih2
_ my (a +1, T)L, Perfect SIC

1/b —a—1
[—b“(H/F)( n I)J/ (a +1, @)} , Imperfect SIC
a
(29)

. - P
where yiyo = &5, Vm3 = |/ ;2 ¢5, and C3 = Sﬁé :

D. CASE-2: COMBINING OF ALL RECEIVED SIGNALS

In Case-2 scheme, the signals received at D; and D, from
RIS-1 and RIS-2 are combined. Hence, the combined
received signal at Dy is given by,

Yp1 = Yp1,1 +YD1,2

= (Heg 11 + Heg,12) (\/ o1Px1 + \/§02Px2) + ne,12,

(30)

where n. 12 = (n11 + n21). Similarly, the combined received
signal at D5 is given by,

Yp2 =Yp2,1 +YD2,2

= (Heg21 + Heq.22) (\/ p1Px1 + \/szX2) + ne22,

(31)

where n.20 = (n21 + n22). For simplicity, it is considered
2 T _ 2 _ 2
thato,  =o,  =o0,.

The received SINR at D; and D5 can be written as,

@1P|Hy1 |?

YDI.C = 55> (32)

02 + @2P|Hyy |?
P|Hy»|?
M, Perfect SIC
= On 33
vp2.c @2P|Hyo|? (33)
Imperfect SIC

o7+ E@iP[Hp |

where Hyj = (Heq,11 + Heg,12) and Hyy = (Heg21 + Heg,22).

Proposition 3: The PDF of combined channels (H;;) can
be expressed by the distribution indicated in (34) where H;; =
H; + H;.

exp (—3)

—— b ¥ Ba+1.a+1). (34)
[6*H1T(a + 1)]

S (x) =

where B(.,.) is the Beta function, B (p, q) = f0] P11 —
19 Ldr.
Proof: See in Appendix C.
The PDF of combined channels H;i and H;, follow the
PDF of H;; which is shown in Fig.4.
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FIGURE 4. PDF of f"’ij (x) and fy(x) for dominant NLoS.

1) OUTAGE PROBABILITY
In this section the outage for each D2D user for case-2 is
evaluated.

Proposition 4: The closed form expressions of outage at
D1 and D, for combining of the received signals from RIS-1
and RIS-2 are given in (38).

Hence, the outage for both the users can be described as,

Pour.p1,c =P (vpr.c < vin)

@1P|Hyy |?
oy + @a2P|Hy |

Ci|Hy |?
=P\v—F~7 5 =vn): (35)

1+ Co|Hg |
Pour.p2.c = P (vp2.c < van) - (36)

Hence, for perfect and imperfect SIC, (36) can be written as,

@2P|Hao|?
P(T =Vi],

Pour,p2,c = n
. M < 1 rf t SIC
5 PlH 2 =V ), mperiec .
oy +§@1PIHyz|
37

Perfect SIC

After substitution and reduction (see Appendix D), Py, p1.c
and P,,; p2.c can be expressed as,

Ba+1,a+1) —2a-2 Yenl
Pout,p1,c = m(l/b) ““y|2a+2, 5 )

(38)
Bla+1,a+1) —2a-2 Viii2
—————(1/b)* ?y (2a+2, =)
prarp e
. SICp
out.D2.C =1 Ba+1,a+ 1) 2 Vi3
— 1 (1/b) 7 ?y (2a+2, ==,
beir@ e Y ( T )
SICip.
(39)
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In (39), SICp indicates perfect SIC and SICjp indicates

imperfect SIC. The SNR thresholds ys1, Y2 and yy3 are

outage thresholds and defined in the previous discussions.
Proof: See in Appendix D.

2) THROUGHPUT
D2D users share the CU channel for their transmission of
information. Thus, the throughput for D; and D, for both
cases are given by,

R _ (I = Pou,p1,5) 10gy (1 + yp1,s),  Case-1

pL.voMA (1 = Pou.p1.c)logy (14 ypi1c), Case-2
(40)

R _ | (1= Pouwp2s)logy (1 +yp2s), Case-l

pz.NomA (1 — Pout,D2,C) log, (1 + )/DZ,C) , Case-2.
(41)

Hence, the total throughput of D2D system is given by
Rrr.Noma = Rp1 .Noma + Rp2,NoMA- (42)

3) CAPACITY GAIN

Capacity gain is defined as the difference between the
capacity for NOMA scheme and capacity for orthogonal
multiple access (OMA) scheme.

Coain = R77 NoMa — R1T,0MA, 43)

where Rrr oma is the throughput for OMA scheme. In this
sub-section, Cgqy is studied for case-2. Here, Rrr yoma for
case-2 can be expressed as,

Rrr noma = (1 = Pou,p1,c) logy (1 + vpi,c)
+ (1= Pour,p2.c) logy (1 +yp2c) . (44)

_ 1 .
Rrr.oma = (1 = Pour,c) [5 log; (14 7p1.c)

1
+ 3 log, (1 + ?Dz,c)} . (45)

In (45), link capacity for each user is expressed by % log, ().
There are two users and the transmission time is divided
between them. Thus, % is multiplied with log,(.) term. The
received SNRs (yp1,c and yp2,c) and outage (P, c) are as
follows:

i P|Hq1|?

VYD1,Cc = 7 (46)
an

i P|Hg|?

Yp2.C = T 5 (47)

n

= Bla+1,a+1) —2a-2 Viha
P =———>(1/b)~* 2 2, —1),
out,C [b“+lr(a + 1)]2( / ) y a + b
(48)

_ 2
and 7ipe = /7292
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RIS controller RIS-M

RIS controller

————> Transmission Links through RIS-1
e > Transmission Links through RIS-2
---------- > Transmission Links through RIS-M

FIGURE 5. System model for muti-RIS scenario, M > 2.

E. SIGNAL MODEL FOR MULTI-RIS-ASSISTED
COMMUNICATION

In this section, the performance is studied for Multi-RIS-
assisted communication for Case-2 scenario (Fig. 5). It is
considered that there are M number of RISs and they are
assisting in communication between BS and D2D users. The
received signal at D can be expressed as,

Yp1t =Yp1,1 +¥p12+ ...+ ¥YD1.M

M
= ZHeq,li (\/ o1Px; ++/ <P2Px2) +n
i=1

= (Heq,ll +Heq,12 +... +Heq,lM)

x (VorPxi + VgrPra) + i, (49)
Similarly, the received signal at D, can be written as,

Yp2 =Yp2,1 +¥p22+ ... +¥YD2.M

M
= ZHeq,Zi (\/ P1Px; + 902Px2) +n
i=1

= (Heg21 + Heq22 + ... + Hegom)

x (\/golle + \/§02Px2) + ., (50)

where n1 and np are sum of additive white Gaussian noises

received at D; and D, with variances 012 and 022 where 62 =

022 = (rnz. The received SINR at D and D, can be written as,

@1P|Hp |
YoIM=—F—"""> (5D
02 + 2P| Hp I
P|Hp|?
M, Perfect SIC
o
YD2.M = n ) (52)
P|H,
¢2P|Hoa| Imperfect SIC

o2+ E@iP|Hpp |

where Hyi = (Heg,11 + Heg12 + - .. + Heg,1m) and Hyp =
(Heg21 + Heg,22 + . . . + Heg 21 ). Hence, the outage for both
the users for multi-RIS-assisted communication can be
written as,

Pour.o1.mt = P (yp1m < van) » (53)
Pour.p2.m = P (vp2.m < vin) - (54)
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TABLE 3. Value of the parameters.

Parameters Values
©1 0.8
2 0.2
1 mW
o2 —80 dBm
Vk 0,04,0.5,1
o2 1/4,1/2, 1/8
N 21010
¢ 0.01, 0.02, 0.04

Hence, for perfect and imperfect SIC, (54) can be written as,

@2P|Hypo|?
P (0—2”1 =V],
P = n
out,b2.M ( @2P|Hy|?
an +E¢1P|Hn12|2

Perfect SIC

< y,h) , Imperfect SIC
(55)

Hence, the network throughput for Dy and D», i.e., Rp1 » and
Rp2.m and total throughput for multi-RIS scenario (R7r )
can be expressed as,

Rpim = (1 = Powr.prar) logy (1 + yprm),  (56)
Rpom = (1 = Powr.po.mr) logy (1 + ypom) . (57)
Rryv Noma = Rpi.m + Rpo,m - (58)

F. PRACTICAL IMPLICATIONS OF THE PROPOSED WORK
The long-term evolution advanced (LTE-A) standard from
the third generation partnership project (3GPP) is based on
NOMA, also known as multiuser superposition transmis-
sion (MUST). More specifically, NOMA adoption enables
simultaneous sharing of a subcarrier between many users in
OFDMA without altering LTE resource blocks [37].

Social apps generally employ local services. Local service,
emergency communication, and IoT improvement are exam-
ples of 5G D2D applications. User data is transferred directly
between terminals and does not go through the network while
using a local service. This would result in increased receiver
complexity at the expense of improving spectrum efficiency.

IIl. RESULTS

Results and discussions are presented in this section based
on the analytical modeling of the MRDN. The MATLAB
platform is used to evaluate the performance of the D2D
network scenario under consideration. The performance is
investigated in terms of outage, throughput, and capacity
gain. The network parameters and their values are used in this
study are given in Table 3.

The outage performance of the D2D users is studied for
Case-1 scheme for dominant LoS condition in Fig. 6. The
performance is investigated for vy = 0.5, akz =1/4,& =
0.01 and N = 4. It is observed that the outage increases
as the outage threshold increases (yy,). For a given outage
threshold, outage at user D is low as compared to user D».
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- -D1 user, Case-1
4.5 || D, user, Case-1, Perfect SIC 1
—— D2 user, Case-1, Imperfect SIC

Outage

Outage Threshold (7th)

FIGURE 6. Outage vs outage threshold for D, and D, for dominant LoS
(Case-1).

0.25
= = =D, user

—oe—D, user, Perfect SIC
—E—D2 user, Imerfect SIC, £=0.01 |
—— D2 user, Imerfect SIC, £ =0.02

Outage

o®

2 3 4 5 6 7 8 9 1
Number of RIS elements / reflecting patches (N)

FIGURE 7. Outage vs number of RIS elements/patches for D; and D, for
dominant LoS (Case-1).

It is also found that if the SIC is not perfect (user D;), outage
increases.

In Fig. 7, the outage performance investigated for dominant
LoS for Case-1 scheme. The value of the parameters are
considered as vy = 0.4, O’k2 = 1/8, yy = 2, and
& = 0.01,0.02. It is observed that the outage for both
users decreases as the number of RIS elements/ patches
(N) increases. It is found that SIC inefficiency factor (§)
has significant impact on the outage performance. For a
given N, the outage increases as the & increases from
0.01 to 0.02.

In Fig. 8, outage is investigated for Case-1 and Case-2
schemes. The performance is studied for vy = 0.5, Uk2 =
1/4, ¢ = 0.0l and N = 4. It is found that for a given
v, compared to Case-1, Case-2 scheme has low outage.
In Fig. 9, the impact of number of RIS patches on outage
is studied for both Case-1 and Case-2 schemes. As the
number of RIS patches increases, outage decreases. It is also
observed that the outage increases as the imperfection in
SIC increases.
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[[= v- D1 user, Case-2

8 H—a— D2 user, Case-2, Perfect SIC
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Outage
(3]
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=== =T = "W
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FIGURE 8. Outage for Case-1 and Case-2.

, Case-1

, Case-1, Perfect SIC

, Case-2

, Case-2, Perfect SIC

, Case-2, Imperfect SIC, £ =0.01
, Case-2, Imperfect SIC, £ = 0.02

Number of RIS elements/ Patches (N)

FIGURE 9. Outage vs number of RIS patches for Case-1 and Case-2.

N
2]

~

o
o

Toatal Throughput (RTT NOMA)

6 7'/' —%— Case-1 ul
4 —©6— Case-2, Perfect SIC
— — —Case-2, £=0.02
—-%-—Case-2, £ =0.04

T

55 I I I
3 4 5 6 7 8

Number of RIS patches (N)

FIGURE 10. Impact of a number of RISs on total throughput for Case-1
with dominant LoS.

In Fig. 10, total throughput (R7r noma) performance
is investigated for Case-1 and Case-2 schemes. The
performance is studied for vy = 0.4, akz = 1/8,
yin =2, and § = 0.01,0.2. It is found that the Rrr yoma
increases as the N increases. It also observed that for a
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FIGURE 11. Comparative study for NOMA and OMA schemes.
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FIGURE 12. Capacity gain vs. Number of patches.

particular number of RIS patches, total throughput decreases
as the imperfection of SIC increases. Throughput for the
Case-2 scheme outperforms the Case-1 scheme. In Fig. 11,
throughput performance is compared for NOMA and OMA
schemes. It is found that incorporation of NOMA scheme
instead of OMA schemes improves the network performance
significantly. Capacity gain is studied in Fig. 12. It is found
that capacity gain increases as the number of patches in a RIS
increases. It reduces as the imperfection in SIC (§) increases.
On contrary, the capacity gain increases as the power in the
LoS component increases.

In Fig. 13, total throughput performance (Rry noma) for
multiple number of RISs, i.e, M > 2 is investigated
for Case-2 scenario. The performance is studied for vy =
04, 07 = 1/8, ym = 2, and M = 2,3,4 It is
found that the total throughput increases as the N increases.
It also observed that for a particular value of N, network
throughput improves as the number of RISs, i.e., M increases.
Impact of transmit power on throughput is studied in
Fig. 14, It is observed that network throughput improves
as the transmit power increases. It is also found that the
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FIGURE 13. Throughput (Rry noma) vs- number of patches for multiple
number of RISs (W).
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FIGURE 14. Impact of transmit power (P) on throughput (Ryy noma)-

throughput for proposed work outperforms the existing
one.

IV. CONCLUSION

In this paper multi-RIS-assisted D2D communication using
NOMA (MRDN) is studied. It is considered that the channels
are Rician faded. Two conditions, i.e., dominant non-line
of sight (NLoS) and dominant LoS are considered for
performance investigation. Performance of the considered
network is investigated under two scenarios: (i) selection
of best, (ii)) Combining of best and worst. In selection,
a user selects the best one among the received signals
while in the second scenario, user combines the best and
worst received signals. The network performance is studied
in terms of outage, throughput and capacity gain. In the
first part, MRDN is studied with M = 2. Analytical
expressions of PDF of equivalent channel and combined
channel, outage, and throughput are developed. It is observed
that Case-2 scheme performs better as compared to the
Case-1 scheme. The number of RIS elements patches has
significant impact on the performance of the MRDN. Increase
in degree of imperfection in SIC technique degrades the

VOLUME 11, 2023

network performance. The performance of NOMA and OMA
is compared and observed NOMA is better as compared to
the OMA. The capacity gain improves as the number of
patches in a RIS increases. Later the study is extended for
M > 2 scenario and observed that the network throughput
improves significantly as M increases.

APPENDIXES

APPENDIX A
N N

Here, H = > Hy = > higx. Therefore,
k=1 k=1

N
H| =" lhllgl. (59)

The mean values of 4 and g; can be defined as E[|h|] =

Ellgell = \/FoxLy2 (——’z) and Var[|h|] = Var(lgi|] =
2

2
20f + v — Zof|Lip (_22_22)] where Lip(x) =

exp(3 )[(1 —x)lp (—— —xI; (——)] I,(.) is the v-th order
modlfled Bessel function of the first kind. Thus, E[|H|] can
be written as,

N
E[|H[1 =) Ellh|lEl|gI]

k=1

N
e
)
3
(B

Now, the aim is to evaluate Var[|H|] where Var[|H|] =
E[|H|*] — [E[|H|1]?. First E[|H|?*] and other related param-
eters is evaluated thereafter Var[|H|] is evaluated.

ELHP) = E [NV = N)lhillgilliyllgy| + N1il il
= (V2 = NENELVE L 1ELg
+ NEIP1ELgil*), (61)

where E[|h;*]] = Ellg:*11; E[|h:|*1] and E[|gi|*]] can be

expressed as,

E[|hi|*1] = Var[|hi|] + [E[h:|11?

5 \2
=20} —l—v—zo Ly _
k k™ 5% / 20’3
2
+za L —i
276 T2\ T 202

=207 +vi. (62)
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Therefore, after Using (60) and (62) in (61), E[|H |2] can be

written as,
E[IH*] = (N* - NE[|mE[g:1E[R|1E] g1

+ NE[|hi|*1E[|gi1]

—(N2 )_20 L i )
- CL 202

+N (202 42)". (63)

substituting E[|H |2] and E[|H|] in the expression of
Var[|H|], Var[|H|] can be expressed as,

Var[|H|1 = E[|H|*] — [E[|H|]]?
2 4 "1% !
=N |20f — —o; 1Lip| —5
ot e (55 )
+ Ni. (64)

(i) Dominant NLoS: When NLoS is dominant, ak2 > Vg.
To find the E[|H|] and Var[|H|], it is considered that v, =
0 and sz = % Substituting the values of v and akz in the
expression of E[|hx|] and Var[|h|], the mean values of A

and gx can be defined as E[|hk|] = E[lgrll] = \/Z and
Var[|hi|] = Var[|gk|] = =5*. Thus, E[|H|] can be written

as,
1) 2
2 k 1/ 2(7(

Tl
=3 [Li)2 (0)]2

Nm
=7 (65)
where Li 2 (x) = exp(3) [(1 — 0o (—3) —xI1 (=3)]. 1()

is the v-th order modified Bessel function of the first kind
and L12 (0) = 1.
Now, E[|H |*] can be expressed as

4
—N)”za L h
S e

2
+N (202 +47)
2
w1 4
=(N?>=N)—=[L1,2 (0
( )44[1/2()]

1 2
+N(2§+0)

=(N?— N)”—2 -N (66)
16

E[|H|*] = (N?

The variance of H ,i.e., Var[|H|] can be expressed as

2 n? 4 "1% )
Var[|H|] =N | 20f — — L -
ar(|H|] ok — 7% 1L 207

+ Nv,%
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1
[25 - — {Ll/z 0} }
+ N(0)

7.[2
(1 _ 1—6) 67)

(ii)) Dominant LoS: When LoS is dominant, vy > akz.

To find the E[|H|] and Var[|H|], it is considered that v, =
1 and ok2 = ‘—1‘. Substituting the values of v and okz in the
expression of E[|h|] and Var[|hi|], the mean values of i and

gx can be defined as E[[h|] = E[|ge|] = %\@Ll/z (—2) and

2
Varllie|] = Varllgell = 3 — % [Lijp (=2)]7, Lija (=2) =
0.667. Using the same process as done in (65) and (67),
E[|H|] and Var[|H|] can be expressed as,

2
QN = YT Z[L ( % )}
=—o; | Lip\ -7
2 20k

Nm 1
=" [L1)2 (—2)]2

2 4
0.445 N
- =0 (68)
8
where Li,2 (—2) = 1.81.
B 4
Var[|H|] = N | 2 el %
ar = of — —af —
O A
+ N
r 1 x2
=N|2-— L _h(2
4 7 16 L1 )}}
+N()
1 0.197972
N[z 2 ) 4N, 69
(2 & )+ (69)
APPENDIX B
)7thl

Z= JH,,(X)dx
0

1 Ythl p X P 70
_ba+1r(a+1)/0 x exP(_E) . (0

where 7 = |/ ¢ Vit

—Coyin

Above integral is bounded by 0 to

71 can be replaced by |:(1/l?)!a+1 exp(—Vin1) Z k‘(l/;%}

using [36, (3.35, page-340)].

iz

Z= S, (x)dx
0

_ 1 al
© beHIT(a + 1) [(1/b)a+1

—exp(— J/thl)z k,(lc;;/)’jlkﬂ] (71)

VOLUME 11, 2023



P. Kumar et al.: Performance of Multi-RIS-Assisted D2D Communication Using NOMA

IEEE Access

After doing some algebra and using [36, (3.351.1, page-
340)], (49) can be reduced to

_ —a—1 @
Z_—b”+1F(a+1)(1/b) y(a—i—l, 5 ) (72)

Similarly, the outage probability P,,; p> can also be evalu-
ated.

APPENDIX C
The PDF of H; and H; follow the distribution of H. Thus,
Sa;(x) and fHJ.(y) can be expressed as,

L, X

fu = oo (7). 3)
1

fi) = e (). (74)

1
where C4 = m.

Hjj = H; + Hj, (75)

where H; and H; are independent of each other. Hence the
PDF of H;j can be written as,

fH,:/'(Z) = /() fH,(x)fH,(Y)dx

= /O Jr; () (z — x)dx. (76)

After substituting fy,(x) and ij (z—x) in (76), and after doing
some algebra, (76) reduces to

finy () = %;) /0 M- xdx.  (77)

Since a > 1, (77) doesn’t converge. To get a closed form of
Ju;(2), (77) modified to

firy() = S0 / Xz — x)dx, (78)
C; 0

where z # oo. After doing some algebra, using [36], and
replacing Ca, (78) reduces to

e ()

———— b 2 B@+1a+1),
[6*+1T(a + 1)]

fH,:/(Z) =

where B(.,.) is the Beta function, B (p, q) = fol P11 —
t)q_ldt, and z is a dummy variable.

APPENDIX D

Pour.p1,c =P (ypr.c < ¥in)
=P (Hj < Y1)

Yihl

fh;(x)dx

_ Bla+l.a+1) [7m , x
= —[ba+1F(a TR, X exp (_Z) dx.
(79)
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After some algebraic manipulation and using [36, (3.191.1,
page-315)], the expression of P, p1,c can be reduced to

Bla+1,a+1) —2a-2 Yihl
P =——" _“(1/b)~ 2 2, —).
out,D1,C [ba“r‘(a—i— 1)]2( /b) Y a—+ b

Similarly, the outage probability P, p2.c can also be
evaluated.
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