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Abstract—In this paper, we investigate a resource allocation
scheme for fully loaded distributed antenna system (DAS)
with Device-to-Device (D2D) communication. A framework of
resource allocation for D2D communications under laying a fully
loaded DAS is presented, where the objective is to maximize the
throughput of shared spectrum channel. First, we set up DAS
with D2D communication model. Then, a dual threshold power
control scheme is studied for each D2D pair and its cellular user
(CU) partner to maximize the throughput of shared spectrum
channel. Finally, the optimal solution is obtained according to
the convex optimization theory. Numerical results show that
the proposed scheme can significantly improve the throughput
and communication quality of communication network system
compared to the co-located antenna system (CAS) with D2D
communication.

Index Terms—Distributed antenna system, D2D communica-
tion, power allocation, throughput.

I. INTRODUCTION

Recently, mobile communication network system is devel-
oping rapidly. In order to meet the requirements of higher
mobile data transmission rates, lower battery consumption,
and higher quality of service (QoS) of all the user equipments
(UEs), a variety of communication and transport technolo-
gies have been proposed. Distributed antenna technology
and device-to-device (D2D) communication technology are
hot topics. In 2005, China’s FUTURE (Future Technology
for Universal Radio Environment) plan first introduced the
distributed antenna system [1]–[3] suitable for cellular mo-
bile communications in the world. Unlike co-located antenna
system (CAS), in distributed antenna system, a plurality of
remote access units (RAUs) are placed in different positions
in a certain region, they form a generalized cell (GC) by
connecting optical fiber or hybrid fiber coaxial cable or
wireless base station processing unit (BPU). Related theories
[14] have proved that, compared with traditional co-located
antenna system, distributed antenna system not only narrows
the distance between mobile terminals and base station an-
tenna, but also reduces transmission power, and makes the
antennas of different RAUs become irrelevant, which brings
a significant increase in spectrum efficiency and power effi-
ciency. A good example is to build a small Femtocell cellular

[4], [5]. Femtocell network has smaller cell size, which can
efficiently use limited spectrum and bandwidth resources to
reduce the load of the base station.

At the same time, in recent years, D2D communication
has been widely used to increase throughput of the systems,
improve the energy efficiency (EE) of communication systems
and extend the battery using time of UEs [6]–[8]. D2D
communication can easily build up a direct link between two
user equipments without the involvement of base stations. In
[9], the authors mainly investigated pattern selection based
on spectrum sharing between D2D users and cellular users.
In order to prevent excessive interference, the transmission
power control algorithm of D2D communication has been
proposed in [10]. In order to improve the scalability of D2D
communication, the authors discussed the distributed resource
allocation method in [11]. In [12] and [13], the authors
investigated how to improve the reliability of interference
management in co-located antenna systems. Both distributed
antenna system and D2D communication technology are
the key technologies of 5G. The combination of distributed
antenna system and D2D communication will give further
advantage of communication transmission. However, there are
still many challenges when adding D2D pairs into the commu-
nication system, which is mainly caused by the interference
between cellular and the D2D users. Therefore, interference
management is one of the most important issues in DAS with
D2D communication. In [14], the authors compared energy
efficiency between co-located and distributed antenna systems
with D2D communication. However the authors only consid-
ered single cellular and D2D pair in co-located and distributed
antenna systems with D2D communication. Moreover, except
for [14], the systems considered above only contain D2D
communications for the co-located antenna systems. To the
best of our knowledge, there is little investigation about D2D
communications in the distributed antenna system, especially
DAS with D2D communication in the multiuser scenario.
In this paper, we mainly focus on the issue of interference
management and resource allocation. The combination of
distributed antenna system and D2D technology can greatly
reduce the transmission distance between users and antennas
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to reduce transmission power consumption, which can im-
prove the overall performance of the system.

The contributions of this paper are summarized as follows.
1) The resource allocation scheme is proposed to investigate

the distribution of signal to interference plus noise ratio
(SINR) and throughput of different users for DAS with D2D
communication and CAS with D2D communication. The al-
gorithm includes the following three steps: a) establishing the
system model, b) channel allocation for D2D communication,
c) power allocation. In system model, we establish two mod-
els for performance comparison: co-located antenna system
model and distributed antenna system model. In channel
allocation, each D2D pair can reuse the channel resource
which is the furthest from the cellular user communication
channel. In order to ensure the QoS of cellular users, the
number of D2D pairs is less than the number of cellular
users, and one D2D pair can only reuse a channel of one
cellular user, and D2D pair can not reuse the channel of
cellular user that is on the edge of the system. In power
allocation, we set up a power control factor for D2D user and
its cellular user partner, respectively. According to the user’s
QoS requirements and maximum power limit for users, we use
the dual threshold power allocation algorithm to maximize the
channel throughput of the shared channel.

2) Also, the optimal solution is obtained according to the
convex optimization theory. The proposed scheme can signif-
icantly improve the performance of communication network
system compared to the co-located antenna system with D2D
communication.

The rest of this paper is organized as follows. The system
model is presented in section II, and power control method
whose expression of different users are shown in section III .
In Section IV, simulation results show that the performance of
DAS with D2D communication is much better than CAS. In
Section V, we conclude the paper and indicate future research
directions.

II. SYSTEM MODEL

We consider a fully loaded uplink communication network
with N cellular users and K D2D pairs, and all users are
randomly distributed in the cellular network. Since the com-
munication network system is fully loaded, the system has
no excess spectrum resources allocated to D2D pairs. D2D
pairs can only access the network communication system by
reusing cellular user channel resources. The radius of cellular
network is R. Base station antennas in the cellular network are
distributed in two different scenarios. The location of the base
station antenna is M (M=1, 2, 3, 4, 5). The first scenario that
all the base station antennas are co-located in the position 1
(CAS) and the other scenario that the base station antennas are
distributed on the location M (DAS) are illustrated in the Fig. 1
and Fig. 2, respectively. Because the communication network
system is fully loaded, the system has no excess spectrum
resources allocated to D2D pairs. D2D pairs can only access
the network communication system by reusing cellular user
channel resources. For simplicity, we assume that each cellular

user is equipped with single antenna and also assume that
the total bandwidth is equally divided to each link between
BS and cellular users, so each cellular user is allocated with
an orthogonal channel. Each D2D pair user reuses a channel
of cellular user, and each channel of cellular user can only
be reused by one D2D pair. In order to reduce interference,
cellular user which is selected to reuse channel is far away
from D2D pair.

Fig. 1. CAS-D2D Communication system

Fig. 2. DAS-D2D Communication system

III. PROBLEM DESCRIPTION AND POWER
CONTROL

A. Problem description

In the uplink multiuser DAS with D2D communication, the
total number of antennas is S, then the number of antennas for
each base station is S

5 . For the cellular user partner of D2D
pair communication link, the received signal power of each
base station antenna can be represented as

RX
′

BSi =
1

S
PC .

∥∥∥H ′

i

∥∥∥2,∀i ∈ C (1)

where PC is the power of a cellular user, H
′

i is the channel
matrix between the base station antennas and the cellular user,
and C = {1, 2, 3, ......, N} is a group of cellular users in the



system. The received signal power of base station antennas
on the location M can be represented as

RXBSMi =
S

5
· 1
S
PC .∥HMi∥2 =

1

5
PC .∥HMi∥2 (2)

where HMi is the channel matrix between the base station
antennas of the position M and the cellular user. The received
signal power of all-location total base station antennas can be
expressed as

RXBSi =
1

5

5∑
M=1

PC .∥HMi∥2 (3)

The interference signal power received by a single base station
antenna from the transmitter of D2D pair is given by

I
′

BSj =
1

S
PD.

∥∥∥H ′

j

∥∥∥2,∀j ∈ D (4)

where PD is the power of D2D transmission, H
′

j is the channel
matrix between the base station antennas and the transmitter
of D2D pair, and D = {1, 2, 3, ......,K} is the group of D2D
pairs in the system. The interference signal power received by
base station antenna on the location M from the transmitter
of D2D pair is given by

IBSMj =
S

5
· 1
S
PD.∥HMj∥2 =

1

5
PD.∥HMj∥2 (5)

where HMj is the channel matrix between the base station
antennas of the position M and the transmitter of D2D pair.
The interference signal power received by all base station
antennas from the transmitter of D2D pair can be written as

IBSj =
1

5

5∑
M=1

PD.∥HMj∥2 (6)

In D2D communication, the received signal power at the
receiver can be represented as

RXDj = PD.∥Hj1j2∥
2 (7)

where Hj1j2 is the channel matrix between the receiver
of D2D pair j2 and the transmitter of D2D pair j1. The
interference signal power received by the receiver of D2D
pair from its cellular user partner can be represented as

IDi = PC .∥Hij2∥
2 (8)

where Hij2 is the channel matrix between the receiver of D2D
pair and the cellular user. In order to reduce the interference
among cellular users, D2D pair and base station antennas,
we consider the throughput optimization for the uplink mul-
tiuser DAS with D2D communication under the constraints
of satisfying the following requirements: the minimum SINR,
the maximum transmit power of each cellular user, and D2D
pair, respectively. The optimization goal is to maximize the
throughput of the D2D pair and its cellular user partner. The
optimization problem can be represented as

max(log2 (1 + SINRCi) + log2 (1 + SINRDj)) (9)

s.t.
SINRCi =

RXBSi

IBSj
+ δn

2 ≥ SINRC min (10)

SINRDj =
RXDj

IDi + δn
2 ≥ SINRDmin (11)

PC ≤ PC max (12)

PD ≤ PDmax (13)

where SINRCi is the SINR of the cellular user uplink
communication, SINRDi is the SINR of D2D pair commu-
nication, δn2 is noise power, SINRC min is minimum SINR
of uplink cellular communication, SINRDmin is minimum
SINR of D2D communication, and PC max and PDmax denote
the maximum transmission power of the cellular users and
D2D users.

B. Power control

In this paper, we define λcj (0 < λcj ≤ 1) as a power
control factor for uplink cellular user partner of D2D pair
communication, and the transmitted power of the cellular
user after the power control is PC = λcjPC max. We define
λdj (0 < λcj ≤ 1) as a power control factor for D2D
communication, and the transmitted power of the D2D user
after the power control is PD = λdjPDmax. The SINR of
uplink cellular communication can be expressed as

SINRCi =

1
5

5∑
M=1

λcjPC max.∥HMi∥2

1
5

5∑
M=1

λdjPDmax.∥HMj∥2 + δn
2

(14)

The SINR of D2D communication can be expressed as

SINRDj =
λdjPDmax.∥Hj1j2∥

2

λcjPC max.∥Hij2∥
2
+ δn

2
(15)

In order to ensure the QoS of communication between the
cellular user and the D2D pair, we present minimum SINR
of uplink cellular communication and D2D communication
respectively, which are as follows

SINRCi ≥ SINRC min (16)

SINRDj ≥ SINRDmin (17)

According to equation (14) and (16), we can obtain the
relationship between λcj and λdj as follows

λcj ≥
SINRC min · 1

5PDmax.
5∑

M=1

∥HMj∥2

1
5PC max.

5∑
M=1

∥HMi∥2
λdj

+
SINRC min · δn2

1
5PC max.

5∑
M=1

∥HMi∥2
,∀i ∈ C,∀j ∈ D

(18)

To ensure the QoS of the cellular user partner of D2D pair
communication, we should choose λcj and λdj to satisfy the
inequality (18).



In the same way, according to equation (15) and (17), we
can obtain the relationship between λcj and λdj as follows

λdj ≥
SINRDmin · PC max.∥Hij2∥

2

PDmax.∥Hj1j2∥
2 λcj

+
SINRDmin · δn2

PDmax.∥Hj1j2∥
2 ,∀i ∈ C, ∀j ∈ D

(19)

To ensure the QoS of the D2D communication, we should
choose λcj and λdj to meet the inequality (19). After some
mathematical simplification, we change the equation (18) and
equation (19) into equation (20) and equation (21).

λcj ≥
SINRC min·

(
SINRD min· 15

5∑
M=1

∥HMj∥2·δn2+∥Hj1j2∥2·δn2

)
PC max·

(
1
5

5∑
M=1

∥HMi∥2·∥Hj1j2∥2−SINRC min·SINRD min· 15
5∑

M=1

∥HMj∥2·∥Hij2∥2
)
(20)

λdj ≥
SINRD min·

(
SINRC min·∥Hij2∥2·δn2+ 1

5

5∑
M=1

∥HMi∥2·δn2

)
PD max·

(
1
5

5∑
M=1

∥HMi∥2·∥Hj1j2∥2−SINRC min·SINRD min· 15
5∑

M=1
∥HMj1∥2·∥Hij2∥2

)
(21)

Thus, the optimization problem equation (9) can be written as

max(log2

1 +

1
5λcjPC max.

5∑
M=1

∥HMi∥2

1
5λdjPDmax.

5∑
M=1

∥HMj∥2 + δn
2


+log2

(
1 +

λdjPDmax.∥Hj1j2∥
2

λcjPC max.∥Hij2∥
2
+ δn

2

)
)

(22)

s.t.
SINRC min·

(
SINRD min· 15

5∑
M=1

∥HMj∥2·δn2+∥Hj1j2∥2·δn2

)
PC max·

(
1
5

5∑
M=1

∥HMi∥2·∥Hj1j2∥2−SINRC min·SINRD min· 15
5∑

M=1

∥HMj∥2·∥Hij2∥2
) ≤ λcj ≤ 1

(23)
SINRD min·

(
SINRC min·∥Hij2∥2·δn2+ 1

5

5∑
M=1

∥HMi∥2·δn2

)
PD max·

(
1
5

5∑
M=1

∥HMi∥2·∥Hj1j2∥2−SINRC min·SINRD min· 15
5∑

M=1
∥HMj1∥2·∥Hij2∥2

) ≤ λdj ≤ 1

(24)
The equation (22) is the optimization objective, equation (23)
and (24) are the constraint conditions, and the optimization
variables are λcj and λdj . The equation (22) is derived second
times with respect to variable λcj and λdj respectively, and
it is calculated that their second derivative is greater than 0.
Therefore, the optimization problem can be transformed into
a convex optimization problem. We can use Quasi-Newton
Method to calculate the optimal solution of λcj and λdj .

TABLE I
SOLVING PROCESS OF QUASI NEWTON METHOD

Solving process of Quasi-Newton Method
1: Initialization xk = x0, a=0.01, D0 = I and k=0.
2: Calculate the search direction: dk = −Dkgk , Dk = B−1

k ,
Set the equation (22) to be f(x), Bk = f

′′
(xk), gk = f

′
(xk).

3: Search step size µk , f(xk + µkdk) = min
µ>0

f(xk + µdk),

sk = µkdk , xk+1 = xk + sk .
4: Calculate gk+1 = g(xk+1), if ∥gk+1∥ < a,
stop calculation, get the approximate solution: [x = xk+1.
5: Calculate yk = gk+1 − gk ,

then calculate Dk+1 = Dk +
sks

T
k

sT
k
yk

Dkyky
T
k DT

k

yT
k
Dkyk

6: k=k+1, then go to step 2.

IV. SIMULATION RESULTS

In this section, we present the different simulation results by
comparing different scenarios. The scenario 1 is all the base
station antennas are co-located in the center of the cellular
network (CAS) and the scenario 2 is the base station antennas
are distributed on the location M (DAS). In each scenario, the
cellular users and D2D pairs are distributed uniformly, where
there are fifty cellular users and ten D2D pairs. The system
parameters in the simulation are listed in the Table 1.

TABLE II
SIMULATION PARAMETERS

Parameter Value
The cellular radius 500 m,

1000 m
Total bandwidth of uplink in a cell 9 MHz
The maximum distance of D2D communication 25 m, 50 m,

75 m,100 m
Total number of position M of base station antennas 5
The noise power -174 dBm
Path loss model between D2D users Free space

model
Path loss model between other users COST231

Hata model
Shadow fading model 8 dB
multipath fading 1
Reception noise coefficient of base station 5 dB
User acceptance of noise coefficient 9 dB
Maximum transmission power of cellular users 24 dBm
D2D user maximum transmission power 24 dBm
Number of cellular users 50
Number of D2D pairs 10
Minimum SINR of cellular communication 10 dB
Minimum SINR of D2D communication 3 dB

Fig. 3 and Fig. 4 illustrate the CDF curve of the D2D users
and the cellular users’ SINR and throughput distribution in the
DAS with different radius of a cell. Simulation results show
that the performance of cellular users in the cell of the radius
R=500 m is better than that in the cell of the radius R=1000 m.
However, D2D users are almost unaffected by cell radius. The
reason is that cellular users need to rely on the base station
antennas to transmit the data signal. The expansion of the cell
radius will increase the distance between the cellular users and
the base station antennas, which will increase the channel loss
and reduce the user communication performance. D2D users
exchange data without the help of base station antennas, and
the communication between the D2D users is only related to
the distance between the D2D users. Simulation results also
show that D2D communication can be applied to the larger
network communication system to improve communication
performance. For the overall performance of the system, we
set the R=500 m as the default simulation parameter.

Fig. 5 and Fig. 6 show that the CDF curve of D2D users’
SINR and throughput distribution in the DAS with different
maximum distances of D2D communication, respectively. As
we can see, with the increase of the maximum distance
between D2D communication, the number of D2D users in
the lower number of SINR and throughput is increased. The
reason is that the expansion of maximum distance of D2D
communication will increase the channel loss and reduce the



Fig. 3. The CDF curve of the D2D users and the cellular users’ SINR
distribution in the DAS with different radius of a cell

Fig. 4. the CDF curve of the D2D users and the cellular users’ throughput
distribution in the DAS with different radius of a cell

user communication performance. However, we can also see
that the results of DLmax=25 m and DLmax=50 m are almost
identical. So we can know the maximum distance to maintain
the best performance of D2D communication is about 50 m.
Therefore, we set DLmax=50 m as the default simulation
parameter.

Fig. 5. The CDF curve of D2D users’ SINR distribution in the DAS with
different maximum distance of D2D communication

Fig. 7 presents the CDF curve of the D2D users and the
cellular users’ SINR and Fig. 8 describes the CDF curve of
the D2D users and cellular users’ throughput distribution in
different scenarios. Fig. 7 and Fig. 8 show that the perfor-

Fig. 6. The CDF curve of D2D users’ throughput distribution in the DAS
with different maximum distance of D2D communication

Fig. 7. The CDF curve of the D2D users and the cellular users’ SINR
distribution in different scenarios

mance of D2D users is better than that of cellular users in the
CAS or in the DAS, which means using D2D communication
is helpful to increase the system’s throughput in the CAS or in
the DAS. What’s more, it also shows that the performance of
the cellular and D2D users in the DAS is much better than that
in the CAS. The reasons are as follows, for the cellular users
communication link, the distributed antenna system reduces
the communication transmission distance, which reduces the
channel loss, improves the quality of the user communication,
and enhances the user communication performance, especially

Fig. 8. The CDF curve of the D2D users and the cellular users’ throughput
distribution in different scenarios



Fig. 9. The CDF curve of all users’ throughput distribution in different
scenarios

improves the communication performance of the edge cellular
users. On the other hand, when the base station antennas are
uniformly distributed in the cell, the interference signal power
received by base station antennas from the transmitter of D2D
pair is also increased. For the D2D communication link, we
adopt a dual threshold power allocation method to control
each D2D pair and its CU partner to maximize the throughput
of shared spectrum channel, which reduces the interference
between the D2D users and the cellular users and improves
the communication quality of the D2D communication. So the
performance enhancement of D2D users is more obvious.

From Fig. 9, we compare the CDF curve of all users’
throughput distribution in different scenarios and conclude
that the throughput of all users in the DAS is much better
than that in the CAS, which means the distributed antenna
system with D2D communication is a better way to increase
the systems’ total throughput. Simulation results show that
the distributed antenna system with D2D communication
improves the overall throughput of the system to demonstrate
the effectiveness of the algorithm.

V. CONCLUSION

In this paper, we investigated resource allocation for fully
loaded DAS with D2D communication. we considered distri-
bution of signal to interference plus noise ratio and throughput
of different users in the DAS with D2D communication and in
the CAS with D2D communication. We found that the overall
throughput of the system remarkably increased in the DAS
with D2D communication. Aiming at the problem of interfer-
ence between the D2D users and the cellular users, we adopt
a dual threshold power allocation method to control each D2D
pair and its CU partners to maximize the throughput of shared
spectrum channel, which reduces their mutual interference.
Simulation results show that the SINR and throughput of the
cellular users and D2D users both increase in the DAS with
D2D communication to demonstrate the effectiveness of the
algorithm.

There are still a lot of problems to be solved in the DAS
with D2D communication. In this paper, we only put forward
some own methods from the point of view of power allocation.
We will develop communication models that are much better

in line with the actual situation and mode selection in the DAS
with D2D communication in the near future.
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