eISSN: 2477-7994

JMECS (Journal of Measurements, Electronics, Communications, and Systems)
(Vol.9, No. 2, Pg.1-7, December 2022)

Energy Efficient D2D Communication Under Downlink
Heterogeneous Network

Martinus Erico', Nur Izza RahmaZ2, Vinsensius Sigit Widhi Prabowo*3, Nachwan Mufti
Adriansyah*

School of Telecommunication Engineering, Telkom University, Bandung, 40287, Indonesia
*vinsensiusvsw @telkomuniversity.ac.id

Manuscript received September 19, 2023, revised November 10, 2023; accepted December 2, 2023

Abstract

The increase in cellular users (CU) caused data traffic congestion on the Base Station (BS). Device to Device
(D2D) communication can be used to reduce the traffic on BS. D2D communication is direct communication
between devices without using a central BS to reduce traffic congestion. CU and D2D users will share the
same Resource Block (RB), but there is a drawback that causes interference. This study employs a downlink
direction Heterogeneous Network (HetNet) system model to mitigate interference issues. Resource allocation
is performed using a greedy algorithm, and to enhance its performance, two small cell base stations (SB)
were incorporated, denoted as SB1 (1¥ SB) and SB2 (2" SB) , thereby transforming the algorithm into a
greedy algorithm with SB1SB2. A comparative analysis was conducted between the greedy algorithm with
SB1SB2 and the conventional greedy algorithm (without the addition of SB1 and SB2). Furthermore, the
authors manipulated the radius of the macro cell base station (MB) in this study to examine its impact on
system performance.The results obtained from the simulation are greedy with the SB1SB2 algorithm getting
a lower value on the sum data rate with a value of 1.62 x 108bps, spectral efficiency with a value of 9.02
bps/Hz, total fairness (CU and D2D) with a value of 0.4095. Meanwhile, in terms of power efficiency, the
greedy algorithm with SB1SB2 has a higher value of 10.40%.
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approach involves incorporating two small cell base
stations (SBs), specifically SB1 (1* SB) and SB2 (2"¢
SB) into the network. So, therefore algorithm used in

1. Introduction
Over time, there has been a significant surge in the
number of cellular users (CUs). The increase in cellular

users caused data traffic congestion on the Base Station
(BS) [1]. Device to Device (D2D) communication can
be the solution to reduce traffic load in BS. D2D com-
munication is direct communication between devices
without using a central BS. In D2D in-band communi-
cation, D2D users use the same Resource Block (RB)
as CU on Uplink (UL) and Downlink (DL) so that the
frequency used by D2D users is the same as CU. Using
the same RB on D2D users and CU can reduce power
consumption and traffic density [2]. However, the use
of RB simultaneously also has the disadvantage that it
can cause high interference in D2D communication.
One effective method to mitigate interference is
to allocate resources using a greedy algorithm. In this
study, we propose a solution for interference reduction
in a Heterogeneous Network (HetNet) system. Our

this study can be written as a greedy algorithm with
SB1SB2. The results obtained are then compared with
the greedy algorithm (without the addition of SB). Effi-
cient resource allocation is critical for improving sys-
tem performance and reducing interference. It can opti-
mize the data transmission process, resulting in lower
power consumption and higher D2D power efficiency.

In research [3] spectrum allocation uses a proxi-
mal minimization algorithm to reduce power consump-
tion. The results obtained are spectrum allocation en-
ergy efficiency achieving high data rates and minimiz-
ing power usage. Research [4] proposed an efficient
fractional frequency reuse (FFR) scheme to reduce in-
terference. The research results prove that the FFR
scheme and system optimization can improve system
performance compared to other schemes. Research
[5] discusses the allocation of resources in HetNet to
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improve energy efficiency. energy efficiency which has
the highest value when using the JGXPSO algorithm.
Research [6] discusses maximizing energy efficiency
based on the HetNet resource allocation scheme. The
simulation results show that the optimal solution can be
achieved if the number of iterations is relatively small.
Based on the simulation results, the number of users
and system data rate does not always affect the energy
efficiency of a network.

Heterogeneous Network (HetNet) is a network
consisting of macro cell base stations (MB) and small
cell base stations (SB) [3]. MB is transmitting a high-
power level, and SB is in the range of MB. The use
of data traffic is increasing but the addition of MB has
reached its limit in quite dense cities. To deal with this
problem, one thing that can be done is to use SB in the
MB area [7]. MB has a cell radius of about 1-10 km.
SB can be microcells, picocells, femtocells, etc. The
cell radius of a microcell is less than 1 km, a pico cell
has a cell radius of about 4-200 m, and a femtocell has
a cell radius of about 10-20 m [8]

The purpose of this study is to reduce interference
among user and improve energy efficiency for D2D
communication, Resource allocation in this study is us-
ing a greedy algorithm. This study utilized the HetNet
system model comprising two SBs. The greedy algo-
rithm was applied using SB1SB2, while a comparison
was made using the greedy algorithm without SBs.

2. Research Method

In this study, several stages must be conducted
as shown in Figure 1. The initial stages were carried
out by initialization input and distributed users. Each
user distances are used to calculate the path loss, Signal
Interference and Noise Ratio (SINR), and the capacity
of each user. After that, allocating CU’s resource s with
greedy algorithm is done, to analyze the performance
parameters. The performance parameters’ outcomes
(sum data rate, spectrum efficiency, power efficiency,
and total fairness) are analyzed.

2.1. System Model

This study uses the Heterogeneous Network (Het-
Net) system model which consists of a macro cell base
station (MB), the small cell base station (SB) used are
two SBs namely SB1 (1st SB) and SB2 (2ndSB), a pair
of D2D users (D2D Tx and D2D Rx), and a cellular
user (CU).

In band underlay D2D communication is employed,
with downlink transmission direction. In underlay com-
munication, both the D2D user and the CU employ RB
at the same time, which might cause interferenceThe
system model used in this study can be seen in Figure
2. The interference occurs from D2D Tx to CU (in area
MB, SB1, or SB2), MB to D2D Rx which is in area
MB, SB1 to D2D Rx which is in area SB1, SB2 to D2D
Rx which is in area SB2. The CUs do not interfere with
each other because the CUs in the MB, SB1, and SB2
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Fig. 1. Simulation Scheme

areas use different RBs

The interference occurs from D2D Tx to CU (in
area MB, SB1, or SB2), MB to D2D Rx which is in
area MB, SB1 to D2D Rx which is in area SB1, SB2
to D2D Rx which is in area SB2. The CUs do not
interfere with each other because the CUs in the MB,
SB1, and SB2 areas use different RBs. Likewise, for
D2D users, the D2D pairs do not interfere with each
other because the RB used is different for each D2D
user so there is no interference for D2D users. Thus,
the interference that is calculated is between CU and
D2D users only.

2.2. Simulation Parameter

MB has a cell radius of about 1-10 km and SB
has a cell radius of less than 1 km. In this study, the
simulations carried out only used a 500-800 m MB
radius and 150 m SB radius.

2.3. Pathloss
Pathloss can be calculated by using the eq. (1) [9].

d
PL(d) = PL(dp) + 10nlog,, <d> , (1
0
where PL(d), d, PL(dy), and n is the pathloss distance
between Tx and Rx, pathloss at the closest reference
distance dy from Tx to Rx, and pathloss exponent re-
spectively.

2.4. Signal to Interference and Noise Ratio (SINR)
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Fig. 2. Downlink HetNet System Model

SINR can be calculated by using eq. (2) [10].

P Tx* GTx

SINR N- Pint . Gint ’ (2)
where Pry, Grx, N, Py, and Gy, is power from trans-
mitter, gain from transmitter, noise, received power
from interference and gain from interference respec-
tively. This study uses the downlink transmission direc-
tion with the HetNet system model, so the calculated
SINRs are CU-MB SINR, CU-SB1 SINR, CU-SB2
SINR, D2D-MB SINR, D2D-SB1 SINR, and D2D-
SB2 SINR. The CU-MB SINR value can be calculated
using eq.(3).

Prﬁ"’B . Grﬁl/IB
N-PrifB.GriB’

itx itx

SINRS MB = 3)

where i, Pri8, GrMB, prMB GrMB N is i-th CU, re-
ceived power from MB to CU, gain MB to CU, received
power from D2DTx to CU, gain D2DTx to CU, and the

noise respectively. The formula to calculate the values

Table 1: Simulation Parameter

Definition Value
MB Radius 500, 550, ..., 750, 800 m
SB Radius 150 m

Number of CU 100
Number of D2D User 50

Frequency 2 GHz
System Bandwidth 20 MHz
Bandwidth of RB 180 kHz

Gain Tx of CU, D2D
Gain Tx of MB, SB

10 dBm, 24 dBm
43 dBm, 30 dBm

of SINR CU-SB values, is shown by eq.(4).

PrfB . Gr‘igB
N-Pr;8.Gri¥’

itx itx

SINRSSB = 4)

where Pri8, GriB, PriB, GriP is the received power
from SB to i-th CU, the gain from SB to i-th CU,
received power from D2DTx to CU, and gain from
D2DTx to CU respectively. The value of the D2D-MB

SINR value can be calculated using eq. (5).

Pl"?/[B . Gr;VIB
N PATE G B

Jjtx Jjtx

SINR?MB = (5)

where Prﬁ”B, Gr?”B, Pr%’f, Grl};’f is received power
from D2D Tx to D2D Rx, gain D2D Tx to D2D Rx,
received power from MB to D2D Rx, and the gain MB
to D2D Rx respectively. The SINR value of D2D-SB

can be calculated by eq. (6).

PrfB . Gr?B
N-PrB.GrSB

Jtx Jtx

SINR?SB = (6)

PrfB s Gr‘JsB, Pr‘]sg, Grjs.g is the received power from
D2D Tx to D2D Rx, gain D2D Tx to D2D Rx, received
power SB1 or SB2 ke D2D Rx and gain SB1 or SB2 to

D2D Rx respectively.

2.5. Greedy Algorithm

The greedy algorithm is an algorithm used to dis-
tribute RB to users. This algorithm allocates the RBs
to the user that can maximize the RB capacity. In this
work, a D2D pair chose the best RB that is used by a
CU by calculating the total capacity of D2D and CU.
This scheme uses First in first out (FIFO). To limit
the interference that happens in 1 RB, the D2D cannot
choose the same RB as the other D2D. The flowchart
of the greedy algorithm can be seen in Figure 3.

2.6. Greedy Algorithm with SB1SB2

This study implements a greedy algorithm for
the RB allocation process and incorporates two SBs,
namely SB1 (1% SB) and SB2 (2" SB) into the sim-
ulation. As a result, the algorithm is formulated as a
greedy algorithm with SB1SB2. There are CU and
D2D users in the SB1, SB2 and MB areas. CU located
in SB1 use RB from SB1, CU located in area SB2 use
RB from SB2, and CU located in area MB use RB from
MB. The allocated RB cannot be allocated to the next
user. The difference is that there is an addition of SB,
so the capacity used is also different.

3. Result and Discussion

The results obtained from the simulation are an-
alyzed to know the performance of each system. The
performance parameters that are being analyzed are the
sum data rate, spectral efficiency, power efficiency, and
fairness level.
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Fig. 3. Flowchart of Resource Allocation Algorithm

3.1. Data Rate

The data rate is the number of bits sent per second.
To calculate the data rate can use the eq.(7) and eq.(8).
[12].

RS, = B x logs(1+ SINR) )

RY; = B x logy(1+SINRY)) (8)

where R{;, RY;, B, SINR  is the and SINR?; are CU
data rate, D2D user data rate resource block’s band-
width in Hertz, SINR of CUs and, SINR of D2Ds re-

spectively.

3.2. Sum Data Rate

Sum data rate is obtained by summing all data rate
users (CU and D2D users). To calculate the sum data
rate can use the eq.(9) [13].

I J
ZZ aij-R;) + (aij-RP)) )
i=1j=1

where SR is the sum data rate, / is the number of CUs, J
is the number of D2D users, a;; is the allocation matrix
if the i CU uses the same resource as the j'* D2D.
The results of the comparison of the average sum
rate in this study can be seen in Table 2. The greedy

x108 Sum Data Rate
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Fig. 4. Result of Sum Data Rate Simulation
Table 2: Result of Simulation

Parameter Greedy Greedy
SB1SB2

Sum Data Rate (bps) 1.64x 105 1.62x 108

Spectral Efficiency 9.02 9.10

(bps/Hz)

Power  Efficiency 81.62 90.11

(bps/mW)

Total Fairness (CU 0.4110 0.4095

and D2D)

algorithm on SB1SB2 has an average sum rate of 1.62
x 10% bps. Meanwhile, the greedy algorithm has an
average sum rate of 1.64 x 10% bps. According to
the results of the two data, the greedy algorithm with
SB1SB2 has an average sum rate lower by 1.22% com-
pared to the greedy algorithm. In scenario 2, it shows
that the performance of the greedy algorithm sum rate
on SB1SB2 is not superior compared to the greedy al-
gorithm. This happens because the greedy algorithm
with SB1SB2 has a smaller total capacity value in the
resource allocation process.

3.3. Spectral Efficiency

The value of spectral efficiency can be calculated
using eq.(10) [14].

SR
SE = —— (10)
B-C
where SR, and C are sum data rate, and the number of

CU respectively.

Table 2 shows that the greedy algorithm with
SB1SB2 has a lower value than the greedy algorithm
itself. The result of the spectral average value of the
greedy algorithm with SB1SB2 is 9.02 bps/Hz. Mean-
while, the greedy algorithm has an average spectral
efficiency value of 9.10 bps/Hz. A greedy algorithm
with SB1SB2 has an average value of 0.88% lower
spectral efficiency because it has a smaller sum rate.
As a result, if the total rate obtained is low, the spectral
efficiency value will be low as well.
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3.4. Power Efficiency

Power efficiency is a performance parameter used
to determine the efficient level of power used by a
system in transmitting. The value of power efficiency
calculated using eq. (11) [15].

~ SR
~ PcxC+PpxD

where, Pc, and Pp are the transmit power of CU, and
transmit power of D2D user respectively. According
to the results of the data from Table 2, the greedy al-
gorithm with SB1SB2 has an average power efficiency
value of 90.11 bps/mW. While the average value of the
greedy algorithm is 81.62 bps/mW. The results show
that the greedy algorithm with SB1SB2 has an average
yield of 10.40% higher power efficiency compared to
the greedy algorithm. This happens because the trans-
mit power used is different in the two algorithms. This
occurs because the transmit power required by the two
algorithms differs. The greedy algorithm with SB1SB2
incorporates SB transmit power, whereas the greedy
algorithm does not. With the addition of SB transmit
power, the power allocation for each user will be more
optimal in the process of data transmission. So that
the use of power will be more efficient and cause the

PE (11)
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Fig. 7. Result of Fairness Total Simulation

results of power efficiency to be higher than those that
do not use the addition of SB transmit power.

3.5. Total Fairness (CU and D2D
The value of fairness can be calculated using eq.
(12) [9].
pr o (E X2
n-Yr Xi?
where n is the total number of the user (CUs and D2D
Pairs), and Xi is the i-th user capacity.

The average total fairness results in scenario 2 can
be seen in Table 2. Greedy algorithm with SB1SB2
gets an average value of 0.4095 in total fairness. While
the greedy algorithm gets a value of 0.4110 on total
fairness. From these data, the greedy algorithm with
SB1SB2 obtains a total fairness value that is 0.37%
lower than the greedy algorithm. This is because the to-
tal capacity values in the greedy algorithm with SB1SB2
are smaller than the greedy algorithm. So that the
fairness value obtained by the greedy algorithm with
SB1SB2 became lower.

12)

4. Conclusion

In this study, resource allocation was carried out
using a greedy algorithm. The system model used
is HetNet by adding two SB in the MB area. The
results analyzed are the greedy algorithm with SB1SB2
compared to the algorithm greedy without the addition
of SB. The greedy algorithm with SB1SB2 has a better
value in power efficiency than the greedy algorithm
with the value of 90.11 bps/mW. On the other hand, the
greedy algorithm produces better values at a sum rate
of 1.64 x 10® bps, Spectral efficiency of 9.10 bps/Hz,
and Total fairness of 0.4110. The results of power
allocation using the greedy algorithm with S1SB2 are
better than the greedy algorithm. However, resource
allocation in both algorithms is not the best solution.
So that the resulting performance parameters are less
than optimal.
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