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Abstract
Device to Device (D2D) is communication between two devices directly without the intervention of eNodeB.
This communication can improve sum-rate, spectral efficiency, and decrease the workload of eNodeB
because this communication uses the same spectrum frequency with Cellular User Equipment (CUE).
D2D pair use the same resource simultaneously with CUE to communicate, this communication is called
D2D underlaying communication. D2D and CUE use the same resource and cause interference. This
interference should be managed by a resource allocation algorithm. In this work, the resource is allocated
in a single cell and the communication is from CUE to eNodeB which is called uplink communication. The
joint greedy algorithm with water filling power control scheme is used as a resource allocation algorithm
in this work. This algorithm is compared with the greedy, joint greedy, and greedy algorithm with a water
filling power control scheme. The joint greedy algorithm works based on the capacity of eNodeB and D2D
pair. While water filling power control is used to manage the power of each user based on the channel
condition. After all of the resource is allocated, the parameter performance of the system such as spectral
efficiency, energy efficiency, and D2D fairness are calculated. The simulation result that joint greedy
algorithm with water filling power control scheme obtains 29,34 bps/Hz in spectral efficiency, 0.939 × 10 7

bps/watt in energy efficiency, and 0,996 in D2D fairness.
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1 Introduction
Technology development is rapidly increasing nowa-

days following human needs. It makes the mobile
users also increase [1]. Enhancement of cellular users
will raise the workload of eNodeB and decrease the
performance system of eNodeB. Device to Device
(D2D) communication can be one of the solution to
mitigate the load of eNodeB and increase the system
capacity [2].

D2D underlaying communication is direct commu-
nication between two devices without the intervention
of eNodeB. In this communication, D2D pair simulta-
neously uses the same frequency spectrum with Cel-
lular User Equipment (CUE). This communication
affects the enhancement of spectral efficiency and en-

ergy efficiency [3]. However, this communication
affects interference between users in the system [4].
This work will discuss allocation algorithm to manage
interferences in the system and manage the power of
the user to get better performance parameters.

Work [5] proposed joint power control and propor-
tional fair scheduling scheme to improve throughput
and fairness of the system without degrading the QoS
levels by optimizing the average data rate of the user
and scheduling the resource based on the timeslot.
Work [6] compared Interference Aware Power Alloca-
tion (IAPA) and Regulated-IAPA (R-IAPA) algorithm
to minimize the interference by controlling the power
consumption of CUE and obtain better performance
of D2D communication. Work [7] proposed an effi-
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cient iterative resource allocation and power control
scheme by exploiting the properties of fractional pro-
gramming and penalty function to optimize the energy
efficiency of D2D communication system. In work [8],
Multi-Player Multi-Armed Bandit (MP-MAB) is used
to reduce the interference by controlling the power
of D2D pairs. Besides that, three learning strategies
such as Epsilon First (EF), Epsilon Greedy (EG), and
Upper Confidence Bound (UCB) also used to evaluate
the power control. The result of work [8] revealed
that this strategy can improve the performance of the
system such as average power transmission, energy
efficiency, and sum-rate.

This work proposed the joint greedy algorithm
for resource allocation. This algorithm allocates the
resource based on the capacity of CUE side and D2D
pairs. This algorithm can iincrease the performance
parameters of the system. Besides that, this work
also proposed a water filling power control scheme
to manage the power transmit of D2D based on the
channel condition. This scheme will increase energy
efficiency of the system.

2 Simulation Process
Figure 1 shows the simulation flow in this work.

This work starts with initialization and generates user.
The pathloss value got from the calculation of distance
between user. Then the gain channel, Signal to Noise
Interference (SINR) value, and capacity of each user
are calculated. After that all of CUE’s resource is
allocated use the proposed allocation algorithm. After
all the resources have been allocated to the D2D pair,
a water filling power control scheme is used. In this
scheme, the power transmits of D2D is controlled
based on the channel condition. The power control
delivers the new value of SINR and capacity. Then the
performance parameters are calculated and analyzed.

2.1 System and Channel Model
The system model of this work is a single cell to

avoid interference from other users in other cells and
the user is idle to avoid the handover occurred. This
cell contains an eNodeB, D2D transmitter (D2D Tx),
D2D Receiver (D2D Rx) dan CUE. This work focuses
on uplink communication. In the system, CUE should
be more than D2D pair because D2D pair need CUE’s
resource to do the communication. Each D2D pair
only allowed to be paired with a CUE. Utilization of
resources simultaneously by CUE and D2D pair af-
fects the interference. The signal from D2D Tx affects
the interference to eNodeB, and the signal from CUE
affects the interference to D2D Rx. Figure 2 explain
about the utilization of resource simultaneously by
CUE with D2D and interference received by users.

Equation 1 shows Urban Micro Systems (UMi) to
calculate the pathloss on the distance of the user [9].

Fig. 1. Simulation Flow.

PLi, j = 36.7 log10 (d) + 22.7 + 26 log10 ( f c) (1)

where d represents distance in meter and f c represents
frequency of the system in gigahertz.

Pathloss in Equation 1 is used to find the channel
gain condition in Equation 2.

Gi, j = PLi, j +Xσ +Π (2)

where PLi, j represents pathloss in dB, Xσ represents
large scale fading with gaussian distribution dan Π

represents small scale fading with rayleigh distribution
[10].

After getting the gain value, SINR is calculated
using Equation 3 for SINR of eNodeB and Equation
4 for SINR of D2D [11]. SINR in Shannon Capacity
form is used as the input of the proposed algorithm.

γi, j =
Pi · Gi,eNB

No + Pj · G jT x,eNB
(3)

β jT x, jRx =
Pj · G jT x, jRx

No + Pi · Gi, jRx
(4)

where i represent CUE, j respresent D2D, γi, j rep-
resents SINR of eNodeB, β jT x, jRx represents SINR
of D2D, Pi represents transmit power of CUE, Pj
represents transmit power of D2D, Gi,eNB represents
channel gain of CUE to eNodeB, No represents noise,
G jT x,eNB represents channel gain of D2D Tx to eN-
odeB, and Gi, jRx represent channel gain of CUE to
D2D Rx.
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Fig. 2. System Model.

2.2 Proposed Algorithm
This work compared the performance paramaters

between the greedy algorithm, the joint greedy algo-
rithm, the greedy algorithm with water filling power
control scheme, and the joint greedy algorithm with
water filling power control scheme. Channel state in-
formation in matrix form is received by eNodeB. The
matrix contains the data rate of each user. This matrix
is used as the input of proposed algorithm.

2.2.1 Joint Greedy Algorithm

The joint greedy algorithm is used as a resource al-
location algorithm. This algorithm will increase the
spectral efficiency and energy efficiency of the system.
Figure 3 describe the flowchart of the joint greedy al-
gorithm. Resource allocation in this algorithm works
in two phases. In the first phase, the resource is allo-
cated based on the highest capacity of eNodeB. Allo-
cated resources in the first phase will be used as the
candidate for allocation in the second phase. In the
second phase, the resource is allocated based on the
highest capacity of D2D from the candidate in the first
phase. The resource with the highest capacity from
the first and the second phase will be allocated to a
pair of D2D. The resource that has been allocated is
forbidden used for other D2D pairs. This allocation
looping until all D2D pair get the resource from CUE
[12].

2.2.2 Greedy Algorithm

The greedy algorithm is used as the comparison algo-
rithm. Figure 4 describe the flowchart of the greedy
algorithm. This algorithm allocates the resource based
on the total capacity of the CUE and D2D pair. CUE’s

Fig. 3. Flowchart of Joint Greedy Algorithm

resource is allocated to the D2D pair based on the ar-
rival time. D2D pairs that come early and have biggest
value of the total capacity will be chosen by CUE
for simultaneously using the same resource. Each
resource should be allocated to D2D pair and the allo-
cated resource is forbidden to be used for other D2D
pairs. This allocation looping until all D2D pairs get
the resource from CUE [12].

2.2.3 Water Filling Power Control Scheme

Figure 5 describe the flowchart of the water filling
power control scheme. The water filling power con-
trol scheme is used to control the transmit power of
the D2D transmitter based on the channel condition.
The poor channel condition will be allocated with high
power, while the good channel condition will be allo-
cated with low power. It makes all of the channels will
receive the same power. After all D2D’s power has
been allocated, the new value of receiver power, SINR,
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Fig. 4. Flowchart of Greedy Algorithm

capacity, and performance parameter of each user are
calculated. This scheme affects to minimize the in-
terference, improve the capacity of the system, and
achieve a good fairness performance [13]. Equation 5
is used to control the power of the D2D transmitter.

α j =
G jT X , jRX

∑
J
i=1 G jT X , jRX

. (PjT X , jRX · J) (5)

where J represents number of D2D, α j represents allo-
cated transmit power, G jT X , jRX represents the channel
gain of D2D Tx to D2D Rx and PjT X , jRX represent the
transmit power of the D2D pair.

2.3 Simulation Parameter
In this work, the simulation of the proposed algo-

rithm is simulated using software called Python based
on simulation parameters in Table 1. The simulation
results of the proposed algorithm will be compared
with the greedy algorithm with water filling power
control scheme, greedy without power control, and
joint greedy algorithms without water filling power
control scheme. After all of the simulations are done,
performance parameters such as spectral efficiency,
energy efficiency, and fairness are calculated.

Equation 6 is used to calculate the spectral effi-

Fig. 5. Flowchart of Water Filling Power Control
Scheme

ciency parameter [12].

εi, j =
∑

I
i=1 ∑

J
j=1 ρ i, j

B ·RB
(6)

where εi, j represents spectral efficiency, ρi, j repre-
sents sum-rate, and RB represents the number of the
resource block. Equation 7 is used to calculate the
energy efficiency parameter [14].

ηi, j =
∑

I
i=1 ∑

J
j=1 ρ i, j

I ·∑ J
i=1Pi + J ·∑ J

j=1Pj
(7)

where ηi, j represents energy efficiency, I represents
the number of CUE and J represents the number of
D2D pair. Equation 8 is used to calculate the fairness
of D2D [15].

FI jT x, jRx =

(
∑

I
i=1 ∑

J
j=1 ρ i, j

)2

J ·∑ I
i=1 ∑

J
j=1 (ρ i, j)

2 (8)

3 Result and Discussion
3.1 Spectral Efficiency Performance Result

Figure 6 shows the result of the spectral efficiency
performance of each algorithm. Based on Figure 6,
the number of D2D users give an impact on spectral
efficiency performance. The enhancement of D2D
users can improve spectral efficiency performance in
the system because the enhancehment of D2D users
can improve SINR and sum-rate value. Thus it is also
affecting the spectral efficiency of the system.
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Table 1: Simulation Parameter.

Parameter Value
TTI 1000

Cell radius 500 m
D2D radius 40 m

Number of D2D pairs 10,20,30,40,50
Number of CUE 50

CUE transmit power 0,5 watt
D2D transmit power 0,1 watt

Resource block 50
Resource bandwidth 180 KHz

Frequency 1800 MHz
Pathloss model UMi pathloss

Channel model
Rayleigh model with

µ = 1 and σ = 1

Shadowing model
Lognormal model with

µ = 1 and σ = 1

Fig. 6. Spectral Efficiency Parameter Result.

Table 2 shows the comparison value of the spec-
tral efficiency results of each algorithm. It shows that
the higher spectral efficiency takes place in the Joint
Greedy with Water filling Power Control (J-Greedy-
PC) algorithm. The value of spectral efficiency in the J-
Greedy-PC is 29,342 bps/Hz, this result is 0,03 bps/Hz
higher than the Greedy with Water filling Power Con-
trol (Greedy-PC) algorithm, 7,715 bps/Hz higher than
the joint greedy algorithm, and 13,485 bps/Hz higher
than the greedy algorithm. Allocation power in the
J-Greedy-PC algorithm gives an impact to minimize
the interference and allocate the power fairly. It also
impacts higher SINR, sum-rate, and spectral efficiency
compared with other algorithms. High spectral effi-
ciency means that the J-Greedy-PC algorithm has the
best performance to transmit data every second in a
hertz.

Table 2: Comparison of the spectral efficiency of each
algorithm.

Algorithm Spectral Efficiency
(bps/Hz)

Joint Greedy with Power
Control (J-Greedy-PC) 29,343

Greedy with Power
Control (Greedy-PC) 29,313

Joint Greedy(J-Greedy) 21,628
Greedy 15,585

3.2 Energy Efficiency Performance Result
Figure 7 shows the result of the energy efficiency

performance of each algorithm. Based on Figure 7,
the number of D2D users give an impact on energy
efficiency performance. The enhancement of D2D
users can improve the energy efficiency performance
in the system because the enchancement of D2D users
can improve SINR and sum-rate value. Thus it is also
affecting the energy efficiency of the system.

Fig. 7. Energy Efficiency Parameter Result.

Table 3 shows the comparison of energy efficiency
results of each algorithm. It shows that the higher
energy efficiency takes place in the J-Greedy-PC al-
gorithm. The value of the energy efficiency in the
J-Greedy-PC algorithm is 0.939x 107 bps/watt, this re-
sult is 0.003x 107 bps/watt higher than the Greedy-PC
algorithm, 0.244 x 10 7 bps/watt higher than the joint
greedy algorithm, and 0.437 x 10 7 bps/watt higher
than the greedy algorithm. Allocation power in J-
Greedy-PC gives an impact to minimize the intefer-
ence and allocate the power fairly. It also impacting
higher SINR, sum-rate, and energy efficiency com-
pared with other algorithms. Besides that, Table 3
proves that the water filling power control scheme
makes the energy in the system more efficient.
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Table 3: Comparison ofthe energy efficiency of each
algorithm.

Algorithm Energy Effieciency
(bps/watt)

Joint Greedy with Power
Control (J-Greedy-PC) 0.939 x 10 7

Greedy with Power
Control (Greedy-PC) 0.936 x 10 7

Joint Greedy (J-Greedy) 0.695 x 10 7

Greedy 0.502 x 10 7

3.3 Fairness Performance Result
Figure 8 shows the result of fairness performance

each of algorithm. Based on Figure 8, the number of
D2D users give an impact on fairness performance.
The enhancement of D2D users can improve fairness
performance in the system because the enchancement
of D2D users can improve SINR and sum-rate value.
Thus it is also affecting the fairness of the system.

Fig. 8. Fairness Parameter Result.

Table 4 shows the comparison of the fairness re-
sult of each algorithm. It shows that the higher fair-
ness takes place in the Greedy-PC algorithm, but al-
most the same as the J-Greedy-PC algorithm in the
second place. The value of fairness in the J-Greedy-
PC algorithm is 0,996, this result is lower 0,01 than
the Greedy-PC algorithm, 0,078 higher than the joint
greedy algorithm, and 0,091 higher than the greedy
algorithm. Fairness in the Greedy-PC algorithm is
higher than the J-Greedy-PC algorithm because allo-
cation resource in the Greedy-PC algorithm allocates
based on the total capacity between the capacity of
eNodeB and the capacity of the D2D pair. While
allocation resource in the J-Greedy-PC algorithm is
allocated based on the capacity of eNodeB, then the
capacity of D2D pairs. It makes fairness of D2D users
is better used Greedy-PC algorithm.

Table 4: Comparison of the fairness of each algorithm.

Algorithm Fairness
Joint Greedy with Power

Control (J-Greedy) 0,996

Greedy with Power
Control (Greedy-PC) 0,997

Joint Greedy (J-Greedy) 0,918
Greedy 0,905

4 Conclusion
In this work, the joint greedy algorithm with the

water filling power control scheme is used. This algo-
rithm is compared with the greedy algorithm without
power control, joint greedy algorithm without power
control, and the greedy algorithm with water filling
power control scheme. From the simulation result,
the joint greedy algorithm with water filling power
control scheme obtains 29,34 bps/Hz in spectral effi-
ciency, 0.939 x 10 7 bps/watt in energy efficiency, and
0,996 in the fairness of D2D.

The joint greedy algorithm with the water filling
power control scheme obtains a higher performance
than other algorithms. This condition happens because
the joint greedy algorithm allocates the resource based
on two phases. It makes allocated resource is the best
resource based on the eNodeB side and D2D side.
Besides that,the water filling power control scheme
allocates the power to the user based on channel con-
dition, where the good channel gain is allocated by
low power and the bad channel gain is allocated by
high power. It makes there is no useless power, all of
the channels get the same power and impact to higher
performance parameters in the system.
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