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Abstract—In recent years, wireless communication traffic has
exploded. Therefore, non-orthogonal multiple access (NOMA),
which expands communication capacity to accommodate the
growing wireless communication traffic, is attracting attention.
In addition, relay transmission by the cell-center user com-
munication is a promising solution to solve the inequality of
communication capacity among terminals (users) in cellular
systems. However, there is a problem in that throughput per
unit time decreases due to the expansion of communication time
required for relaying. In this study, we investigated a method of
combining NOMA and Device-to-Device communication (D2D) in
the downlink of a cellular system, where D2D uses transmission
in the millimeter wave band to reduce the transmission time
required for relaying by increasing the capacity. On the other
hand, to overcome the large difference in throughput between
D2D and D2D communication from a base station to user, the
transmission bandwidth of the millimeter wave band used for
transmission is maximized by storing data at the users as a
relay station. This is called store-and-forward relaying. Computer
simulations have confirmed that the proposed system achieves
higher throughput when compared to the case where stored
relaying is not used. It was also found that there is an appropriate
number of information storage at cell-edge users to achieve high
throughput.

Index Terms—NOMA, stored D2D, mmwave

I. INTRODUCTION

In recent years, video distribution services and games
have been used on mobile users such as smartphones, and
high-speed, large-capacity data communications via wireless
communications are in constant use. There is an urgent need
to increase throughput to accommodate the growing wireless
communication traffic. [1].

To expand the throughput of limited frequency resources,
it is important to improve frequency utilization efficiency
[2]. Therefore, non-orthogonal multiple access (NOMA) has
been attracting attention as a technology that contributes to
improved frequency utilization efficiency. With recent im-
provements in user-side processing power, NOMA’s complex
signal separation can now be applied by users, and it is
attracting attention as a wireless standard for 5th-generation
mobile communications (5G), Beyond5G, and 6G.

In a cellular system, users located at the cell edge achieve
low and stagnant throughput due to low received power and

co-frequency interference from other cells. On the other hand,
cell-center users achieve high throughput due to high received
power and low same-frequency interference. This difference
in throughput between users is a problem of poor fairness.
Therefore, methods to improve fairness between cell-center
users and cell-edge users using Device-to-Device (D2D) are
being considered [4]. Specifically, a user near a cell acquires
the information about a cell-edge user and transfers it to
the cell-edge user using D2D. In this case, millimeter wave
bands are used for D2D to enable broadband transmission of
D2D [7]. This enables the base station and cell-edge users
to achieve high-quality reception of information from the cell
edge with high signal power, and the time required for relaying
by users in the cell vicinity can be reduced by the wideband
transmission of D2D using the millimeter wave band. As a
result, the throughput of cell-edge users can be improved, and
fairness can be overcome. However, if the throughput from
the base station to the cell-center user is smaller than the D2D
throughput, less information can be transferred and the wide
bandwidth of D2D cannot be fully utilized.

In this study, we propose a non-orthogonal multiple access
with stored relaying in a cellular system. Stored relaying is
a relaying method in which the user stores information to be
transmitted for a certain period and then transfers the stored
data together in a single D2D access. Stored relaying reduces
the number of transfers compared to normal relaying, and
thus reduces the time required for relaying and contributes
to increasing the throughput of cell-edge users.

Furthermore, when NOMA is used for access from a base
station to users, the information of other users is demodulated
by signal separation during demodulation, so that information
on other users can be acquired without additional processing.
Therefore, without increasing the complexity of the users, it is
possible to acquire information on cell-center users to be used
for transmission. Evaluation of computer simulation shows that
the throughput expansion of cell-edge users is achieved. In
addition, there is a delay in data arrival corresponding to the
number of data accumulated. Therefore, we clarified the effect
of throughput expansion when the data delay is constrained.
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Fig. 1. System model

II. PROPOSED SYSTEM

In this study, we propose a receiver system using D2D based
on downlink NOMA with Sequential Interference Cancellation
(SIC). The system model is shown in Figure 1.

A. Downlink NOMA with SIC

In downlink NOMA with SIC, the base station transmits
multiplexed signals with power differences [2]. In NOMA
downlink, the signal power of the cell-edge user is higher
than that of the cell-neighbor. As a result, the cell-center
user demodulates the multiplexed signal of the cell-edge
user with higher signal power to regenerate the interference
replica. Then, by subtracting the interference signal from
the received signal, the desired signal can be extracted. On
the other hand, since the desired signal has more power
than the interfering signal at the cell-edge user, the desired
signal is demodulated directly. However, the signals of the
cell-neighbor users become same-frequency interference, and
communication performance is degraded. It is generally known
that the decoding order of SIC is better for demodulating
signals addressed to users with poor channel conditions first
[2]. The throughput of each user in the downlink NOMA with
SIC in the 2 users’ case is given by the following equation.

C1 = W1 log2

(
1 + P1|h1|

N

)
(1)

C2 = W2 log2

(
1 + P2|h2|
P1|h2|+N

)
(2)

C1 is the throughput for users with good channel conditions
and C2 is the throughput for users with bad channel condi-
tions. Since good and bad channel conditions are basically
determined by the distance from the base station, the channel
conditions of the cell-center user are used as the channel
conditions are worse than those of cell-edge users. W1 is the
bandwidth of the cell-center user and W2 is the bandwidth of
the cell-edge user. P1 is the base station transmit power of
the signal destined for the cell-center user, and P2 is the base
station transmit power of the signal destined for the cell-edge
user. h1 is the channel matrix between the user near the cell
and the base station, and h2 is the channel matrix between the
cell-center user and the base station. N is the noise power.

In actual SIC, interference replica playback may not be pos-
sible due to demodulation errors. This condition is referred to
as an outage. In the outage case, same frequency interference

is generated multiplexed signals. The communication capacity
at that time becomes the following equation.

C1 = W1 log2

(
1 + P1|h1|
P2|h1|+N

)
(3)

C2 = W2 log2

(
1 + P2|h2|
P1|h2|+N

)
(4)

When an outage occurs, C1 is expected to decrease signif-
icantly because the large non-power desired signal power
becomes the interference power. To avoid this outage, it is
necessary to ensure power balance and noise tolerance among
users that determine the same frequency interference. From
the latter perspective, the outage is easily avoided in cell-
edge users because a high signal power-to-noise ratio can be
ensured.

B. Stored Device-to-Device

In this section, we use data transfer by Device-to-Device
(D2D) communication. In downlink NOMA, it assumes that
cell-center user transfer information to users at the edge of
the cell because they can obtain high received power. The
millimeter wave band is assumed to be the most suitable
for the D2D communication. Millimeter wave band can be
transmitted with higher throughput than microwave band. As
a result, if the user responsible for relaying transfers data
sequentially, the transmission capacity available for transmis-
sion in D2D cannot be fully used. Therefore, we consider
stored relaying. This is a relaying method in which data to be
relayed by cell-center user is accumulated to a certain degree
and transmitted to cell-edge users in a single transmission.
If the D2D transmission bandwidth is large compared to the
transmission bandwidth from the base station to the users,
the transmission bandwidth between users can be used to the
maximum extent. In addition, the number of radio accesses
during transmission is reduced, leading to a reduction in the
time required for transmission. The throughput at the cell-edge
user is defined by the following equation.

C =
α

α+ 1
(WBSUE log2 (1 + SINRBSUE)) (5)

CBSUE = WBSUE log2(1 + SINRBSUE) (6)

CUEUE = WUEUE log2(1 + SINRUEUE) (7)

α =

⌊
CUEUE

CBSUE

⌋
(8)

Where CBSUE is the throughput between the base station
and the cell-center user, and CUEUE is the throughput between
the cell-center user and the cell-edge user. WBSUE is the
bandwidth between the base station and the cell-center user,
and WUEUE is the bandwidth between the cell-center user and
the cell-edge user. SINRBSUE is the SINR between the base
station and the cell-center user, and SINRUEUE is the SINR
between the cell-center user and the cell-edge user. Here, α is
set as the value accumulated to the maximum value that does
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Fig. 2. Simulation environment

not exceed the transmission bandwidth of millimeter wave,
assuming that the other user’s information notified from the
base station to the relay users is transmitted in one millimeter
wave access.

Thus, as the transmission capacity CUEUE between D2D
expands, the information capacity that can be stored expands,
and alpha, which indicates the number of storages, expands.
Therefore, since many information can be transferred with a
single access, the communication capacity of the cell-edge user
shown in Equation (5) expands. However, in store-and-forward
relaying, the latency increases due to the transfer waiting time
caused by storage. If the data arrival time is limited, the delay
time due to accumulate can be suppressed by setting it to an
integer value less than α calculated by the above formula.
However, the effective transmission capacity will be reduced
because the number of D2D accesses will increase.

C. Access Method of the Proposed System

In the proposed system, cell-center users communicate
directly with the base station, and cell-edge users do not
communicate directly with the base station but communicate
only with the cell-center users. In D2D, the cell-center users
take advantage of the fact that the cell-center users regenerates
signals destined for the cell-edge user, and the cell-center users
forwards only the regenerated signals to the cell-edge user.
Exceptionally, when an outage occurs, direct communication
with the base station is performed because the user near the
cell cannot regenerate the signal for the cell-edge user.

III. SIMULATION

The environment for the simulation is shown in Figure 2.
The number of base stations is 1 and the number of users is 2,
and the users and base stations are placed on a straight line. In
this environment, cell-center user is considered as cell-center
users, and users far from the base station are considered as
cell-edge users, and simulation is performed to receive the
data using the proposed system. The users are placed at any
two of the ten points at distances of 10, 20, 30, . . . , 100m from
the base station. In this simulation, the power ratio of the base
station transmit power per user is set to 1:1 to simplify the
analysis.

A. Shadowing Effect

The millimeter wave shadowing model used was the model
in Ref [6]. In this paper, millimeter wave is transmitted and

Fig. 3. Transition diagram of unshadowed and shadowed states

TABLE I
SIMULATION PARAMETERS

parameter value
BS transmission power 40dBm
BS frequency 3GHz
BS bandwidth 10MHz
number of BS antenna 2
UE transmission power 24dBm
UE frequency 44.45GHz
UE bandwidth 100MHz
number of UE antenna 1

received by placing transmitting and receiving antennas at
both ends of a busy boulevard, and the received power is
observed and recognized as shadowing when it falls below a
certain threshold value. Figure 3 shows the transition diagram
between unshaded and shaded states. In Figure 3, Pshad is
the probability of transition from the unshaded state to the
shaded state. Punshad is the probability of transitioning from
the shadowed state to the unshaded state.

Probability-based state transitions are incorporated into the
simulation using the transition probabilities and average de-
cays obtained from the experimental results of this paper.

B. Simulation Parameters

The simulation parameters are shown in Table I below. The
base station and user transmit power were taken from Ref [2].
The path loss model and cell-center user frequency were taken
from Ref [5].

IV. SIMULATION RESULTS

A. Comparison of NOMA and Proposed System

A comparison of the NOMA-only system and the proposed
system is made using the results when the distance between
the base station and the cell-center user is 50 m and the
distance between the base station and the cell-edge user is 60
m. We chose this environment for the comparison between
the NOMA-only system and the proposed system for two
reasons: first, it would be impractical if the distance between
base stations and users were too close or too far; second, the
communication between cell-center users and cell-edge users
uses millimeter waves, so a large user-to-user distance may
not be appropriate. The second reason is that the shadowing
model adopted in this study may not be appropriate if the
distance between users is too large because the communication
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Fig. 4. CDF of throughput of cell-center user

between cell-edge users and cell-edge users uses millimeter
waves. Simulation results for cell-center users in the NOMA-
only system and the proposed system are shown in Figure 4.
Simulation results for cell-edge users are shown in Figure 5.
The vertical axis of the figure is the cumulative distribution
function (CDF). Figure 4 shows that the conventional method
(NOMA) and the proposed method (NOMA and D2D) yield
the same results for cell-center users. The difference between
NOMA and the proposed method is the presence or absence
of D2D, and since cell-edge users do not use D2D, there
is no difference in the characteristics. It is assumed that the
access between the base station and the cell-center users and
the D2D between the cell-center users and the cell-edge users
are on different frequencies and that they are independently
accessible. Figure 5 shows that the proposed system tends to
have higher throughput for cell-edge users; the 50% point val-
ues for the NOMA-only system and the proposed system are
approximately 1.0×107[bps] and 3.0×108[bps], respectively.
This improvement is attributed to the following reasons. First,
since the power ratio of the base station transmit power per
user is set to 1:1, when the transmit power is constant, the
signal power of other users accounts for half of the total power,
resulting in a significant decrease in the desired power for cell-
edge users who do not perform SIC in NOMA. On the other
hand, in the proposed system, cell-edge users transmit only
interference-regenerated signals, so cell-edge users receive
signals with no interference power. Therefore, the proposed
system is considered to have improved performance compared
to the proposed system and the NOMA-only system.

B. Relationship Between the Number of Accumulations and
Throughput in the Proposed System

Figure 6 below shows a scatter diagram of the relationship
between the number of accumulations and throughput for each
of the 45 configurations created by selecting 2 user locations
from 10 locations. Figure 6 shows that high throughput is
easily achieved when the number of storages is 5, 6, or
7, while throughput tends to be low when the number of

Fig. 5. CDF of cell-edge user throughput

Fig. 6. Relationship between median number of accumulations and throughput

storages is larger than that. This result indicates that there is an
appropriate number of accumulations that can easily achieve
high throughput. This is directly related to the variation in
D2D throughput from received signal power variation due
to shielding effects in the millimeter wave band. Hence,
when D2D throughput is low and stagnant, the number of
accumulations is reduced and adaptively transmitted.

C. Delay Control

Figure 7 shows the relationship between delay and through-
put for each of the 45 possible placements created by selecting
2 users from 10 locations. Throughput increases logarithmi-
cally with the increase in the upper limit of the number
of accumulations. Therefore, it is considered that there is a
good trade-off between the amount of increase in delay and
the amount of increase in throughput when the number of
accumulations is low 1-3.

V. SUMMARY

This paper proposes a system that contributes to improv-
ing the inequality of wireless communication traffic and the
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Fig. 7. Relationship between latency and throughput

capacity of each user in a cellular system. The proposed
system is a combination of NOMA, D2D, and stored relay, as
described in Chapter 2. Computer simulations show that the
proposed system achieves higher throughput than the NOMA-
only system. It was also found that there is an appropriate
number of information to be stored to achieve high throughput.
It was also found that the throughput of the proposed system
decreases when low-latency communication is attempted.

Future prospects are to study the method of user group for-
mation for reception by the proposed system in an environment
with a large number of users.
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