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Abstract—Diamond relaying networks based on non-
orthogonal multiple access (NOMA) can offer higher achievable
data rates than the conventional relaying networks. In diamond
relaying networks, two relays cooperate to deliver two messages
to the destination within only two time slots. This paper in-
vestigates the impact of relay selection, from two relay pools,
on the performance of such networks. The system performance
is analyzed through closed-form and asymptotic expressions of
the sum ergodic rate. The paper also presents practical design
guidelines of optimum location-based relay selection for IoT-
based networks with randomly deployed relays.

Index Terms—Cooperative relaying, ergodic capacity, NOMA,
relay selection, sum rate.

I. INTRODUCTION

The Internet of Things (IoT) and its next generations
are predicted to be a pivotal use case for fifth-generation
(5G) communication networks and beyond [1]. The number
of connected devices within a network has been increasing
exponentially and is expected to reach 80 billion devices by
2030 [2]. This rapid growth has posed significant challenges to
wireless communication networks in fulfilling high connectiv-
ity requirements. Non-orthogonal multiple access (NOMA) is
considered a promising candidate for future wireless networks
due to its potentials to support massive connectivity in IoT
applications [3]. Compared to the conventional orthogonal
multiple access (OMA) techniques, the advantage of NOMA
systems is that multiple receivers, with distinct channel gains,
can share the same resource block, such as time, frequency,
or code. NOMA is accomplished using superposition coding
at the transmitter with different power coefficients assigned to
different data symbols. At the receiver, successive interference
cancellation (SIC) is used to extract the desired information
by eliminating unwanted information of other users according
to the allocated power [4], [5]. Several studies have shown
that NOMA can support massive connectivity while offering
higher spectral efficiency and user fairness when compared to
OMA [6], [7].

To further improve cell coverage, spatial diversity, and
overall system performance, cooperative relaying has been
integrated into NOMA networks [8]. In cooperative NOMA

networks, the source transmits data to the unreachable des-
tination with the help of a decode-and-forward relay; either
this relay is a direct reachable user or a dedicated node for
relaying [9]. Then, in order to increase the diversity gain,
multi-relay networks with relay selection (RS) strategies have
been studied in [10] - [13]. In particular, the authors in [11]
proposed a two-stage RS method that was tested under various
quality-of-service (QoS) requirements and outperforms the
scheme proposed in their previous work [10]. In IoT systems,
cooperation plays an essential role in the communication
between the sources and the destinations, with several relaying
nodes in between. In [13], the authors studied RS in NOMA-
based IoT systems. Closed-form expressions of the outage
probabilities were derived in the scenario where a base station
sends messages to two sensors with an eavesdropper. The
best-relay selection method was recommended to enhance the
system performance.

Unlike conventional cooperative relaying network models,
which only send a single symbol to the destination during
two-time intervals, authors in [14] proposed a new network
model known as network diamond relaying (NDR). NOMA-
based NDR network model could simultaneously convey two
symbols to the destination within only two time transmission
phases, thus increasing the multiplexing gain. Following the
downlink NOMA principle, the source transmits two super-
imposed symbols with different power allocations to two
intermediate relays with varying distances from the source.
Then, the relays forward the decoded signals to the destination
using NOMA in an uplink mode. As a result, this proposed
system can reap the benefits of NOMA in both downlink and
uplink transmission.

Authors in [14] showed that the NOMA-based NDR net-
work outperforms the other conventional cooperative schemes
that rely on the maximal ratio combining (MRC) and the max-
min criterion in terms of the sum rate. Then, they extended
their work in [15], in which a closed-form expression of the
ergodic sum rate has been derived. Also, power allocation
algorithms have been introduced under both the statistical and
instantaneous channel state information assumptions. In [16],
a joint power allocation approach for improving the achievable
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rate of NOMA-based diamond relaying networks has been
introduced. Simulation results have shown that the proposed
joint power allocation method can offer a higher achievable
rate in the NDR networks than that obtained in [15]. Finally,
an efficient algorithm has been presented in [17] to offer a
higher achievable rate than other state-of-the-art approaches.

Most of the previous work on NOMA-based NDR networks
only focused on investigating the system’s performance and
was limited to a single-relay scenario. They have not examined
the benefits of multiple relays with the advantage of RS to
improve transmission reliability, limiting RS’s functionality in
practical systems. Besides, a study case for practical design
guidelines considering the effect of the location of the selected
relays should be investigated.

In this work, motivated by the observations of the literature,
the NOMA-based NDR network model has been extended into
the IoT network deployment scenario. The modified model
in this paper considers randomly distributed relaying nodes
between the source and the destination and studies the effect
of RS on the overall sum rate. A proper RS scheme is used for
selecting two relays at optimum locations to assess the end-
to-end transmission process. Also, the impact of increasing
the number of relays at either optimum or non-optimum relay
locations is investigated. A practical design guideline of the
optimum location-based relay selection for IoT-based networks
is investigated. Finally, the analytical expressions for the sum
rate of the considered system are derived under Rayleigh
fading channels.

The remainder of this paper is organized as follows. The
system model, with relay selection, is introduced in Section
II. Analytical expressions of the ergodic sum rate are presented
in Section III. Numerical results are shown in Section IV, and
Section V concludes the paper.

II. SYSTEM MODEL

This paper considers a network with a single base station
source node (S), a single destination node (D), and two sets
of relays in between. Each set of relays exist at a different
distance from S and D. This forms two communication
branches between the source and the destinations, referred to
as the upper and lower branches, as shown in Fig. 1. It is
assumed that all nodes are equipped with a single antenna
hence operate in a half-duplex mode. One relay from each set
of relays is chosen to cooperate with the transmission of data
symbols from the source to the destination. Assume that R1

is the best relay selected from the upper branch relays R1,i,
where 1 ≤ i ≤ K, and R2 is the relay selected from the lower
branch relays R2,j , where 1 ≤ j ≤ M . Accordingly, a pair
of symbols is transmitted from the source to the destination
over two phases, which may be considered a downlink NOMA
phase and an uplink NOMA phase.

The channel coefficients for the links between the source
and R1, the source and R2, R1 and the destination as well
as R2 to the destination are denoted, respectively, by hSR1 ,
hSR2

, hR1D and hR2D. The channel gains hi, where i ∈
{SR1, SR2, R1D,R2D} are assumed to be Rayleigh faded,

Fig. 1. Network diamond relaying (NDR) system model

i.e. hi ∼ CN (0, λi), with zero mean and variance λi = ηd−n
i

where η represents the propagation constant, n is the path loss
exponent and di is the distance between the two terminals of
the channel. Accordingly, the random variables |hi|2 follow
exponential distributions with means λi.

The following section will introduce the mathematical
model and expressions that relate the achievable data rate to
the system parameters based on the specified system.

A. The Downlink NOMA Phase
In the downlink NOMA phase, the source transmits two

superimposed data symbols, s1 and s2. The transmitted signal
representing the superimposed signals, s, is expressed as
s =

√
α1Pts1 +

√
α2Pts2, where α1 and α2 are the power

allocation coefficients and Pt is the total transmission power
from the base station source. The first symbol, s1, is to be
decoded at R1, the relay selected from the upper branch pool
of relays. Similarly, the second symbol s2 is to be decoded at
R2. Both decoded symbols will be transmitted simultaneously,
each from one of the two relays, to the destination during the
uplink NOMA phase.

The distance between the source, S, and R1 is assumed
to be shorter than the distance between the source and R2.
By assuming dSR1 < dSR2 , it is possible to consider that
the average channel gains are such that λSR1 > λSR2 .
Accordingly, E{|hSR1

|2} > E{|hSR2
|2}.

The received signal at the selected upper branch relay, R1,
can be given as

y1 = hSR1
s+ w1

= hSR1
(
√
α1Pts1 +

√
α2Pts2) + w1

= hSR1

√
α1Pts1︸ ︷︷ ︸

desired & low power

+ hSR1

√
α2Pts2︸ ︷︷ ︸

interference & dominating

+ w1︸︷︷︸
noise

(1)

where w1 represents zero mean AWGN, with average noise
power σ2, at R1. It is assumed that the first symbol is to
be extracted for forwarding at relay R1, while the second
symbol at relay R2. It is also assumed that the first symbol,
s1, is extracted at R1 through applying SIC by decoding the
s2 first, while R2 decodes for s2 directly. Hence, the power
allocation coefficients must be such that α2 > α1. The signal-
to-noise ratio at R1 for decoding s2, denoted by γs2→R1

, can
be expressed as

γs2→R1 =
α2Pt|hSR1 |2

α1Pt|hSR1 |2+σ2
=

α2ρt|hSR1 |2
α1ρt|hSR1 |2+1

, (2)
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where ρt =
Pt

σ2 represents the ratio between the total transmit
signal power to the average noise power at R1.

In order to consider s2 successfully decoded, the data rate
for s2, denoted as Cs2

SR1
, on the S-to-R1 link must be greater

than the target data rate, Rs2 , for s2. This condition can be
expressed as

Cs2
SR1

= log2 (1 + γs2→R1
)

= log2

(
1 +

α2ρt|hSR1 |
2

α1ρt|hSR1 |
2
+ 1

)
≥ Rs2 . (3)

With this condition fulfilled, SIC is completed to decode s1.
As a result, the signal to noise ratio at R1 for decoding s1,
denoted by γs1→R1

, can be written as

γs1→R1
=

α1Pt|hSR1
|2

σ2

= α1ρt|hSR1 |2. (4)

Thus, the corresponding data rate achieved for symbol s1,
denoted as Cs1

SR1
, on the S-to-R1 link can be expressed as:

Cs1
SR1

= log2(1 + γs1→R1
) = log2(1 + α1ρt|hSR1

|2). (5)

Simultaneously, R2 shall acquire the second symbol s2, which
could be directly decoded, and s1 could be treated as noise.
The received signal at R2 can be given as

y2 = hSR2s+ w2

= hSR2(
√
α1Pts1 +

√
α2Pts2) + w2

= hSR2

√
α1Pts1︸ ︷︷ ︸

interference & low power

+ hSR2

√
α2Pts2︸ ︷︷ ︸

desired & dominating

+ w2︸︷︷︸
noise

(6)

where w2 represents zero mean AWGN, with average noise
power σ2, at the relay R2. The signal to noise ratio, γs2→R2

,
at R2 for decoding s2 can be then expressed as

γs2→R2
=

α2ρt|hSR2
|2

α1ρt|hSR2
|2 + 1

. (7)

The corresponding data rate achieved for symbol s2 on the
S-to-R2 link, and denoted Cs2

SR2
, can be given as

Cs2
SR2

= log2 (1 + γs2→R2)

= log2

(
1 +

α2ρt|hSR2
|2

α1ρt|hSR2 |2 + 1

)
. (8)

B. The Uplink NOMA Phase

In the second transmission phase, each of the two relays R1

and R2, forwards the decoded symbol, s1 and s2, respectively,
to the destination node. Following the uplink NOMA principle,
R1 transmits the data symbol s1 with transmit power α3Pt,
while R2 transmits the data symbol s2 with transmit power
α4Pt. Accordingly, the received signal at the destination is
expressed as

yd =
√

α3Pts1hR1D︸ ︷︷ ︸
From R1

+
√

α4Pts2hR2D︸ ︷︷ ︸
From R2 (dominating)

+w3 (9)

where w3 represents zero mean AWGN, with average noise
power σ2, at the destination D. Based on the described
model, the relay R2 is closer to the destination than the
relay R1, implying a higher channel gain for the R2-to-D
link than that for the R1-to-D link, i.e. |hR2D|2 > |hR1D|2.
With appropriate power allocation of α3Pt and α4Pt such
that α4 > α3, the signal received at the destination is
dominated by the signal sent from R2. This validated the
NOMA considerations for the uplink power domain during
this phase of transmission. It is worth noting that the total
power allocated for the transmission of both symbols s1 and
s2 is considered to be Pt, which includes the power utilized
at the source and both forwarding relays. Accordingly, it is
assumed that

∑4
i=1 αi = 1. It is assumed that the base station

performs power allocation to determine the power allocation
coefficients, αi, i = 1, 2, 3, 4. It should be noted that optimum
power allocation has been an essential aspect of NOMA-
based communication models. However, the details of the
power allocation algorithms followed at the base station are
considered in other work.

Similar to the analysis presented for the downlink NOMA
phase, the received signal expressed in (9) is processed to
directly decode s2, the stronger component, treating s1 as
noise. Therefore, the signal to noise ratio, γs2→D, at the
destination for decoding s2 can be expressed as

γs2→D =
α4ρt|hR2D|2

α3ρt|hR1D|2 + 1
. (10)

The achievable data rate, Cs2
R2D

, for symbol s2 on the R2-to-D
link can be written as

Cs2
R2D

= log2

(
1 +

α4ρt|hR2D|2

α3ρt|hR1D|2 + 1

)
. (11)

Similar to the consideration in (3), successful decoding of
s2 is considered if the achievable data rate is greater than
a determined target data rate Rs2 , resulting in the condition

Cs2
R2D

≥ RS2
, (12)

With s2 decoded, SIC is continued to decode s1. As a result,
the signal to noise ratio at destination for decoding s1, γs1→D,
is expressed as

γs1→D = α3ρt|hR1D|2. (13)

The resulting achievable data rate, Cs1
R1D

, for symbol s1 on
the R1-to-D link can be then expressed as

Cs1
R1D

= log2 (1 + γs1→D)

= log2
(
1 + α3ρt|hR1D|2

)
. (14)

To determine the overall system achievable data rate, the
achievable rates of both delivered symbols, Cs1 and Cs2 ,
are added. According to the authors in [18], the end-to-
end achievable data rate of conventional cooperative relaying
system is limited by the worst link of the source-relay and
relay-destination links. From (5) and (14), it can be obviously
observed that the achievable rate of s1 will be limited by the
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minimum of Cs1
SR1

and Cs1
R1D

. Similarly, from (3), (8) and
(11), the achievable rate of s2 will be limited to the minimum
of Cs2

SR1
, Cs2

SR2
and Cs2

R2D
. Thus, the overall achievable data

rate is written as

C =
1

2
min(Cs1

SR1
, Cs1

R1D
)︸ ︷︷ ︸

Cs1

+
1

2
min(Cs2

SR1
, Cs2

SR2
, Cs2

R2D
)︸ ︷︷ ︸

Cs2

, (15)

where the factor 1
2 in (15) accounts for the fact that each

symbol requires two phases to reach the destination.

C. Relay Selection Strategy

As proposed in the system model, relay selection can be
employed to enhance the performance of the NDR model.
The proposed model adopts a direct strategy in which the
highest end-to-end sum achievable data rate in (15) is sought.
Accordingly, the k∗th relay is selected from the upper branch
relay pool, and the m∗th relay is selected from the lower branch
relay pool if their combined data rate achieves the maximum
sum data rate. This can be expressed as

{k∗,m∗} = argmax
k∈[1,K],r∈[1,M ]

{Ck,m}. (16)

The optimally selected relays are denoted R1 and R2 in the
analysis presented in (1) - (14). The effect of the numbers of
relays, K and M , and the effects of their relative positions to
each other as well as relative to the source base station and the
destination are studied in the simulation and results section.

In the following section, the ergodic capacity, based on
the described model, is defined. Closed-form and asymptotic
expressions for the ergodic capacities of both symbols s1 and
s2, are also derived.

III. ERGODIC CAPACITY ANALYSIS

In this section, the system performance in terms of the sum
ergodic rate is discussed. For the system model discussed in
the previous section, the sum ergodic data rate, E{C}, i.e. the
average sum of the achievable data rate of symbols s1 and s2
in (15) can be expressed as

E{C} = E{Cs1}+ E{Cs2}. (17)

The ergodic data rate is calculated by averaging the instanta-
neous capacity achieved through transmission over a varying
fading channel. Since the data rate is dependent on the signal
to noise ratio, the ergodic data rate is expressed as

E{Cx} =

∫ ∞

0

log2(1 + x)fX(x)dx (18)

=
1

ln 2

∫ ∞

0

1− FX(x)

1 + x
dx, (19)

where fX(x) and FX(x) are respectively the probability
density function (PDF) and the cumulative distribution func-
tion (CDF) of random random variable X . In the following

subsections, the ergodic data rate for each of the two symbols
s1 and s2 is calculated.

A. Ergodic data rate of symbol s1

The instantaneous data rate achieved for symbol s1 at the
receiver can be obtained by substituting (5) and (14) into the
first term of (15), resulting in

Cs1 =
1

2
log2 (1 + min {γs1→R1 , γs1→D}) . (20)

Consequently, the ergodic capacity for s1 can be evaluated
through

E{Cs1} =
1

2

1

ln 2

∫ ∞

0

1− FU (u)

1 + u
du. (21)

where U = min{γs1→R1
, γs1D}. Therefore, using (21) to

calculate the ergodic data rate of symbol s1 requires the
calculation of the CDF of U . Using order statistics, the CDF
of the random variable U can be obtained as

FU (u) =P (min{γs1→R1 , γs1→D} < u)

=1− P (γs1→R1 ≥ u)P (γs1→D ≥ u)

=1− Fγs1→R1
(u)Fγs1→D

(u). (22)

Since the random variables γs1→R1 and γs1→D, defined in
(4) and (13), follow exponential distribution with means
α1ρtλSR1

and α3ρtλR1D , hence, their CDFs can be, respec-
tively, expressed as

Fγs1→R1
(u) = 1− e

− u
α1ρtλSR1 u > 0. (23)

Fγs1→D
(u) = 1− e

− u
α3ρtλR1D u > 0. (24)

Therefore, substituting (23) and (24) into (22), the CDF of
random variable U can be given by

FU (u) = 1− e
− u

ρt
( 1
α1λSR1

+ 1
α3λR1D

)
u > 0. (25)

Substituting into (21), the ergodic capacity of s1 is then
obtained as

E{Cs1} =
1

2 ln 2

∫ ∞

0

e
− u

ρt
( 1
α1λSR1

+ 1
α3λR1D

)

1 + U
du. (26)

The integration in (26) can be solved using [19, eq. (3.352.4)],
resulting in

E{Cs1} = − 1

2 ln 2
e

−1
ρt

( 1
α1λSR1

+ 1
α3λR1D

)

× Ei

(
−1

ρt
(

1

α1λSR1
+

1

α3λR1D
)

)
. (27)

where Ei(.) denotes exponential integral function [19, eq.
(8.211.1)].
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B. Ergodic data rate of symbol s2

Similar to the aforementioned analysis, by substituting (3),
(8) and (11) into the second term of (15), the instantaneously
achievable data rate of symbol s2 can be expressed as

Cs2 =
1

2
log2 (1 + min {γs2→R1

, γs2→R2
, γs2→D}) . (28)

Similar to (21), (28) can be solved by letting V =
min{γs2→R1

, γs2→R2
, γs2→D} and considering order statis-

tics, the CDF of random variable V is given by:

FV (v) = 1− Fγs2→R1
(v)Fγs2→R2

(v)Fγs2→D
(v). (29)

The CDFs of γs2→R1
, γs2→R2

and γs2→D can be evaluated,
respectively, as

Fγs2→R1
(v) = 1− e

− v
α2−vα1

1
ρtλSR1 0 < v <

α2

α1
, (30)

Fγs2→R2
(v) = 1− e

− v
α2−vα1

1
ρtλSR2 0 < v <

α2

α1
(31)

and

Fγs2→D
(v) = 1− α4ρtλR2D

α4ρtλR2D + α3ρtλR1D

× e
− v

α4ρtλR2D v > 0. (32)

Therefore, the CDF of random variable V can be obtained by
substituting (30), (31) and (32) into (29) resulting in

FV (v) = 1− α4ρtλR2D

α4ρtλR2D + vα3ρtλR1D
× e

− v
α4ρtλR2D

× e
− v

α2−vα1

(
1

ρtλSR1
+ 1

ρtλSR2

)
0 < v <

α2

α1
. (33)

The evaluation of the integral resulting from substituting (33)
into (19) is analytically complex. Instead, the ergodic capacity
of symbol s2 is evaluated asymptotically for high SNR values.
When ρt → ∞, the CDF of V in (33) can be approximated
to

FVρt→∞(v) = 1− α4λR2D

α4λR2D + vα3λR1D
v <

α2

α1
. (34)

Thus, the PDF of V can be approximated by

fVρt→∞(v) =
α4λR2Dα3λR1D

(α4λR2D + vα3λR1D)2
v <

α2

α1
. (35)

Substituting this PDF expression into (18), the asymptotic
ergodic rate of symbol s2 can be represented as

E{Cs2} =
1

2 ln 2

α4λR2D

α4λR2D − α3λR1D

× ln

(
α4λR2D + α2

α1
α4λR2D

α4λR2D + α2

α1
α3λR1D

)
. (36)
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Fig. 2. Achievable ergodic sum rate of NDR system model. Solid markers
shown analytical results and open markers show simulation results.

IV. SIMULATION AND RESULTS

In this section, simulation results are presented to demon-
strate the performance of the system explained and analyzed in
the previous sections. First, Monte Carlo simulations are used
to verify the analytical expressions of the ergodic capacity
obtained through substituting (27) and (36) into (17). Then,
numerical simulation and analytical expressions are used to
study the effects of the distances between the source node,
the relays,and the destination node on the achievable data rate.
Simulations are also used to study the effects of the number
of relays in the relay selection pools on the system’s ergodic
capacity.

In the following simulation examples, a fixed power alloca-
tion strategy is adopted, in which α1 = 2.5%, α2 = 47.5%,
α3 = 2.5% and α4 = 47.5%. The path loss exponent is set to
be n = 3.

Fig. 2 shows the achievable ergodic sum rate, in bps/Hz,
versus the transmit SNR, ρt = Pt/σ

2 following the two-
phase NOMA scheme explained earlier. In order to achieve
the channel conditions λSR1

> λSR2
and λR2D > λR1D,

it is assumed that λSR1
= 10, λSR2

= 3, λR2D = 9 and
λR1D = 5. As expected, increasing the transmit SNR results
in an increase in the overall achievable ergodic data rate. As
can be seen in Fig. 2, analytical results are in agreement with
the Monte Carlo simulation results at high SNR values, i.e.,
for ρt > 20 dB. The slight difference between the analytical
results and the simulation results at low SNR values is a
consequence of using the asymptotic expression in (36).

In Fig. 3, the effect of the positions of the selected relays, R1

and R2 are examined. Three placement scenarios are assessed,
with the sum of the distance of the source-to-relay and the
distance of the relay-to-destination link fixed at dt = dSRi

+
dRiD = 4 m. In order to maintain the diamond relay topology,
it is also assumed that dSR1

is 1 m less the dSR2
. In the

first scenario, both relays are closer to the source than to the
destination with dSR1 = 1 m and dSR2 = 2 m. In the second
scenario, both relays are close to the midpoint between the
source and the destination with dSR1

= 1.8 m and dSR2
= 2.8

m. Finally, the last scenario, in which dSR1
= 2.4 m and
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Fig. 4. Achievable sum rate versus various locations of the relay R1.

dSR2
= 3.4 m, represents a case when both relays are nearer

to the destination than to the source.
As can be seen from Fig. 3, the scenario in which both relays

are near the midpoint between the source and the destination
achieves a higher sum data rate than the other two scenarios.
This occurs because the end-to-end capacity is dominated
by the minimum of the source-to-relay and the relay-to-
destination link capacities, as shown in (15). Thus, while a
shorter communication link increases the link’s capacity, a
longer link has a dominantly negative effect on end-to-end
capacity. It should be concluded that both R1 and R2 better
be as close as possible to the midpoint between the source
and the destination. It can be then conjectured that there are
optimum locations for relays R1 and R2 that result in the
maximum possible sum ergodic capacity. Fig. 4 shows the
achievable sum rate for different values of the distance, dSR1

.
The figure is generated for ρt = 36 dB and a total distance
dt = dSR1

+ dR1D of 4 m. Results show that there is an
optimum location of R1 for which a maximum sum rate can
be achieved. It can be seen from Fig. 4 that for the simulated
example, the optimum capacity is achieved by dSR1 = 1.8 ∼ 2
m.
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Fig. 5. The achievable sum rate versus the transmit SNR, ρt, for various
number of relays, K = M = 1, 2, 4, 8, 16 and 32.
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Fig. 6. Achievable data rate with relay selection.

In the next simulation example, the benefit of relay selection
and the effect of the number of relays in the selection pools
are investigated. In Fig. 5, a comparison of the achievable
sum rate based on the number of available relays is introduced.
These relays are clustered relatively close together towards the
midpoint between the source and the destination with dSR1 =
1.8 m and dSR2 = 2.8 m. The pair of relays that achieve
the highest ergodic capacity is selected according to (16). As
can be observed, the higher the number of relays, the higher
the achievable capacity. It can also be observed that while the
achievable capacity improves with the number of relays in the
selection pool, the amount of improvement diminishes for a
larger number of relays. For example, at ρt = 30 dB, the
total sum rate achieved is 2.467 bps/Hz for the case when no
relay selection is employed. When increasing the number of
relays to K = M = 16 relays, the overall sum rate increases
to 3.507 bps/Hz, representing about 41% improvement in the
achievable sum rate. On the other hand, when the number of
relays increases to 32, the achievable sum rate is 3.653 bps/Hz,
a modest improvement compared to the case of 16 relays.

In Fig. 6, a more practical scenario is investigated. In this
scenario, the available relays are randomly dispersed at various
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Fig. 7. Comparison between increasing no. of relays vs selecting from
different relay locations

locations, and the relay selection scheme selects the optimal
relay location. It can be seen from Fig. 6 that at SNR ρt = 30
dB, the achievable sum rate for a single pair of relays located at
the optimum location between the source and the destination is
2.4 bps/Hz. However, when relay selection is performed from
six pairs of relays randomly deployed at various locations in
the range dSR1

∈ [1.1 : 2], the achievable sum rate increases
to 3.1 bps/Hz. Similarly, if six pairs of relays are all located
around the optimum location, the improvement in the data rate
is the same as that achieved by randomly deployed relays. It
can be concluded then that to benefit from relay selection,
it is not necessary to have all relays located at the optimum
location, and it is sufficient to use randomly deployed relays.

The previous observations are emphasized by the results in
Fig. 7, in which multiple cases of relay selection are compared
to each other. It can be observed that relay selection from a
pool of relays located at the optimum location results in the
highest achievable sum rate. In addition, randomly deployed
relays results in better performance than relay selection from
relays located all at a location other than the optimum location.
In practical systems, randomly deployed relayed can be used
with relay selection to maximize the benefit of NOMA-based
diamond relay networks.

V. CONCLUSION

This paper studied a NOMA-based diamond relaying net-
work model with a single source, single destination, and mul-
tiple randomly deployed decode-and-forward relaying nodes.
Motivated by the benefits of non-orthogonal multiple access
and relay selection, the considered model can result in higher
achievable data rates than those achieved by each alone. The
sum data rate achieved by the proposed system was derived,
and design guidelines for optimum relay selection policy were
recommended. Simulation results showed that higher data rates
are achieved when the two selected relays are such that one
is near to the source, and the other is near to the destination.
It was also shown that the larger the number of relays from
which a pair is selected, the higher the achievable data rate.

The performance gain obtained from increasing the number
of relays at an optimum location has also been analyzed. It
was shown that such gains diminish with a higher number of
relays. Further extension of this work will include the joint
optimization of the relay placement and power allocation of
the selected relays in randomly deployed NOMA-based NDR
networks.
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