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system throughput [1]-[4]. However, cellular networks with
D2D communications face to many technical challenges such
as high signaling load and frequency collisions which may
cause the degradation of system performance.



ABSTRACT
Device-to-Device (D2D) communications is expected to be a
key technology of the forthcoming mobile communication
networks because of its benefits in terms of spectral efficiency,
energy efficiency, and system capacity. To mitigate frequency
collisions as well as reduce the effects of co-channel
interference between user's connections, we propose an
interference-aware coordinated access control (IaCAC)
mechanism for heterogeneous cellular D2D communication
networks with dense device deployment of user equipment
(UEs). In the proposed network setting, we consider the
co-existence of both macro base stations (MBSs) and
smallcell base stations (SBSs). In the proposed IaCAC
mechanism, MBSs and SBSs are coordinated to perform
access control to their UEs while MBSs allocate bandwidth
parts dynamically to SBSs based on the interference levels
measured at SBSs. Besides, to reduce D2D-to-cellular
interference, device user equipments (DUEs) can perform
power control autonomously. Simulation results show that the
proposed IaCAC can provide higher system throughput and
user throughput than those achieved by the network-assisted
device-decided scheme proposed in [21]. Moreover,
simulation results also reveal that the proposed IaCAC also
significantly improve SINR of MUE’s and SUE’s uplink
connections.

In such cellular D2D communication networks, there are
two typical types of connections consisting of cellular
connections between base stations (BSs) and user equipments
(UEs), and D2D connections between two arbitrary UEs.
Under the inband-underlay mode, both cellular and D2D
connections share a same frequency spectrum. Thus, D2D
connections might cause D2D-to-cellular interferences to
cellular connections when they use same channels [5]-[9]. To
mitigate D2D-to-cellular interference, an efficient access
control mechanism including channel allocation and
transmission power assignment processes is needed to handle
D2D connection requests.
Channel allocation, transmission power assignment, and
interference mitigation are crucial research issues in cellular
D2D communication networks. The authors in [9] analyze
unavoidable co-channel interferences in the cellular D2D
communication network when the device density is high. By
joint optimizing channel allocation and power control, and
interference mitigation, the system performance can be
significantly improved. Power control can be implemented in
different approaches, i.e., centralized manner [10] or
distributed manner [11]. Centralized power control has high
accuracy, but it suffers high overhead as the number of
devices increases. By contrast, in distributed power control,
D2D users exploit local information of channel states to
decide the transmission power. Thus, the overhead can be
reduced. Nevertheless, D2D users might use high
transmission power which can cause high interference to
cellular users due to the lack of global interference
information. The work in [12] studies the radio resource
management in each sector of an MBS to reduce interference
between D2D users and cellular users. Channel reuse
technique using OFDM is proposed in [13] where D2D and

Key words: D2D communications, Access control, Channel
allocation, Power assignment, Interference mitigation.
1. INTRODUCTION
Future mobile networks may require a huge wireless traffic
demand of D2D communications, for example, vehicle to
vehicle communications, communications between IoT
devices. D2D communications can bring significant benefits
in terms of spectrum reuse, traffic offloading, low latency, and
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cellular users can share a same spectrum. In the work [14], a
joint admission control and resource allocation strategy is
proposed to provide QoS support to cellular and D2D
communications. The authors in [15] propose a resource
scheduling method based on user location. However, in dense
networks, processing information of users’ locations might
cause high computational load. A guard zone based
D2D-activation scheme is proposed in [16] in which the exact
closed-form expressions for the successful transmission
probability of cellular users are proposed under the
assumption that D2D users are uniformly distributed within a
geographical area. The proposed scheme performs the guard
zone's inner radius optimization while maximizing both STP
and average throughput. The approach is proved to be
efficient for low dense mobile networks.

preferred channels based on channel's link gain. The MBS
calculates and allocates the relevant transmission power to
each channel subjected to cause minimum interference to
macro UE and guaranteeing QoS of cellular connections. This
mechanism can significantly improve the system throughput
due to the capability of cancelling D2D-to-cellular
interference. Although the mechanism has low signaling
overhead, it requires high computation load at MBSs and
channel measurement at UEs when the numbers of UEs and
channels increase.
To our best knowledge, heterogeneous cellular D2D
communications networks, where both a macro-cell base
station (MBS) and smallcell base stations (SBS) coexist,
require a practical access control mechanism instead of
complex theoretical solutions. Our research focuses on new
constraints of heterogeneous cellular D2D communication
networks including high dense deployment of UEs and SBSs,
flexible spectrum management (i.e., BWPs) and low
signaling load. To deal with the aforementioned
requirements, we propose an interference-aware coordinated
access control (IaCAC) mechanism for these networks where
the MBS and SBSs are coordinated to allocate BWPs
dynamically to SBSs. Specifically, MBSs allocate BWPs to
SBSs dynamically according to the demand of SBSs. Hybrid
access control is then performed by MBSs and SBSs whereas
DUEs perform power control autonomously.

There are different approaches in optimization solutions of
channel allocation and power control for D2D
communications. An energy efficient maximization method
is proposed the power control algorithm based on Lambert W
function and the channel allocation algorithm based on
Gale-Shaley algorithms in order to solve the sub-optimal
problems of these issues. The proposed algorithms are
suitable to improve D2D pair energy efficiency of low density
D2D networks. A game-theory based approach has been
proposed for distributed channel allocation and power control
of D2D underlaid cellular networks where devices select
channels and transmission power for their D2D connections
by themselves [18]. The method can reduce the computation
load of base stations and work effectively in small D2D
communications networks. In [19], the authors proposed a
joint channel allocation, mode selection and power control
scheme for cellular users and D2D users in femtocells during
uplink wireless communication. The authors have formulated
a non-convex mixed integer programming optimization
problem, transformed it to a convex form by relaxing the
channel variable and solved the problem by the Lagrangian
decomposition method. However, the scheme has limitations
in theoretical assumptions such as the same number of
channels for femtocells, the same number of cellular users
and D2D users in femtocells. In [20], a centralized resource
allocation mechanism was proposed which is based on
interference control and designed for satisfying SINR of
cellular and D2D connections while optimizing system
throughput. However, because the mechanism requires fixed
and correct positions of all devices when defining interference
restricted areas, it is not applicable to mobile networks.

The remainder of the paper is organized as follows. The
system model and the operation of the proposed IaCAC
mechanism are described in Section 2 and Section 3,
respectively. Section 4 presents the simulation results and
discussions. The conclusion is given in Section 5.
2. SYSTEM MODEL
: MUE
: SUE
: DUE

: MBS

DUE d

: SBS
: Interfering signal
: Desired signal

MUE m

In [21], the authors propose a practical centralized resource
management mechanism comprising channel allocation and
power control for D2D connections in heterogeneous cellular
D2D communications networks. In this mechanism, the MBS
cooperate with its UEs. When a source DUE sends a D2D
connection request to an MBS, it also sends the list of

SUE s
MBS M

Figure 1: Heterogeneous cellular D2D communications networks.
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where d is the distance between a sender and a receiver
in kilometers. ς is the shadowing of log-normal
distribution in dB with the mean is zero and the standard
deviation is one.

2.1 System Description
The system model of heterogeneous cellular D2D
communication networks is illustrated in Fig.1 in which both
macro base stations (MBSs) and smallcell base stations
(SBSs) coexist. MBSs form a hexagon layout where there are
a number of SBS in the coverage area of each MBS. In Fig. 1,
MBS M is the central MBS surrounded by up to six MBSs
(here only two surrounded MBSs are illustrated due to limited
space). There are three typical types of user equipment (UEs)
: 1) macrocell UEs (MUEs) served by MBSs; 2) smallcell UEs
(SUEs) served by SBSs; and 3) users using D2D
communications (DUEs) to create direct connection pairs
called D2D pairs. D2D communications allow D2D pairs to
exchange their data to each other directly to provide low
latency communications. A D2D pair is managed by a SBS
when the D2D pair locates in the SBS coverage area. When a
D2D pair is not located in any SBS, the D2D pair is managed
by the serving MBS. The MBS coverage area has multiple
sectors in which the uplink transmissions to MBSs and SBSs,
and D2D communications share a same frequency spectrum
of Nc channels. The total frequency spectrum is divided to
NBWP bandwidth parts (BWPs). A BWP has N

BWP
c

2.3 Performance Metrics
A. Signal to interference plus noise ratio (SINR)
To increase the spectrum efficiency of cellular D2D
communications networks, channels are reused in both D2D
communications and uplink transmissions in the MBS and
SBSs. However, this leads to the degradation of SINR values
of all connection types (uplink MBS, uplink SUE and D2D
connections) due to the effects of interference that occurs
among the connections. Specifically, when a channel is
allocated to a D2D connections which is also using by a
MUE’s uplink connections, it can cause co-channel
interference to the MUE’s uplink connections. For MUE m
using channel k in MBS M, its uplink SINR value is
calculated as:

SINRmk , M 

channels

for data transmissions and one reference signal (RS) channel
for broadcasting the RS. Each uplink transmission from UEs
to MBSs and SBSs utilizes only one channel belonging to a
BWP. A D2D connection also consumes one channel of a
BWP. When a SBS utilizes a BWP, the SBS broadcasts the
predefined RS on the RS channel at a specified transmission
power periodically.

nsub N 0 f 



Puk Guk,M

,

(1)

uU k ,u  m

where Pmk and Gmk ,M denote the transmission power of MUE
m at channel k and the channel gain between MUE m and
MBS M at channel k, respectively. nsub is the number of
subcarriers of a channel. No is the white noise power density
of the subcarrier spacing f . Uk is a set of other UEs using
channel k. For example in Fig.1, MBS M not only receives the
desired signal from MUE m but also receives the set of
unwanted signals from other connections in the network. Puk

2.2 Channel Models
In the literature, various channel models are considered for
the D2D communication networks [21]-[24]. In this paper,
we adopt the channel models (i.e., Line-of-Sight (LOS) and
non-Line-of-Sight (NLOS) models) proposed in [21] for the
performance comparison. The pathloss calculations of these
transmission models are given below:

and Guk, M are the transmission power and channel gain of
channel k occupied by UE u (i.e., MUE, SUE, or DUE),
respectively. SINR of SUE’s and DUE’s uplink connections
can also be calculated in the same way as in the equation (3).
B. User throughput

• The LOS pathloss model is applied to calculate the
pathloss between the MBS and MUEs, the MBS and its
DUEs, a SBS and its SUEs, and a SBS and its DUEs.
The LOS pathloss is calculated as follows:

PL  d   127  30 log10  d    .

Pmk Gmk , M

The user throughput obtained by a UE u (i.e., a MUE, SUE,
or DUE) is calculated as follows:
u
Nch

(1)

Cu  k Bch ,

(4)

k 1

• The NLOS pathloss model is applied to the D2D
communications and uplink channels between DUEs
and MUEs, DUEs and SUEs, and MUEs and SUEs. The
NLOS pathloss is calculated as follows:

PL  d   128.1  37.6 log10  d    ,

u

where N ch is the number of channels used by UE u. Bch
denotes the bandwidth of a channel  Bch  n sub  f  . The
spectrum efficiency ηk of the channel k depends on the SINR
value measured at the receiver as shown in Table 1 [21].

(2)
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Table 1: Matching between the spectrum efficiency and SINR [21].

Modulation

Code Rate
(Default
Repetition=1
)

Spectrum
Efficiency η
(bps/Hz)

Minimum
SINR (dB)

QPSK

1 2 (4)

0.25

-2.5

QPSK

1 2 (2)

0.5

0.5

QPSK

12

1

3.5

QPSK

34

1.5

6.5

16-QAM

12

2

9

16-QAM

34

3

12.5

64-QAM

12

3

14.5

64-QAM

23

4

16.5

64-QAM

34

4.5

18.5

The operations of the MBSs, SBSs and DUEs are described
in detail below:
3.1 MBSs allocate BWPs to SBSs and estimate the MAP
of the selected BWPs
When an MBS or a SBS consumes a BWP, it broadcasts the
RS channel of the BWP at a predefined transmission power.
When a SBS S needs more radio resource (i.e., BWPs), the
SBS measures the energy level of RS channels of BWPs
which are not consumed at the SBS. Then, the SBS creates a
BWP measurement report of energy levels of RS channels and
sends the report together with a BWP allocation request to its
managing MBS. When the managing MBS receives the BWP
allocation request from the SBS S, the MBS performs:
1) Selecting the BWP (denoted as BWP b) which has the
lowest energy level in the BWP management report.
2) Estimating the maximum acceptable interference of
max
edge MUEs ( I total
) while guaranteeing its SINR target:

C. System throughput
max
I total


The system throughput of a MBS’s cell is defined as
follows:

(8)

MUE
where Pmax
is the maximum transmission power of

(5)

Ttotal  TMBS  TSBS ,

MUE
Pmax
,
 PL ( R )

the MUE. PL(R) is the estimated pathloss of the uplink
channel of the MUE where R is the radius of the
MBS’s cell.  denotes the target SINR of the uplink

where TMBS is total throughput of MUE’s and DUE’s
connections managed by the MBS:

transmission of the MUE.
N

TMBS 

N

MUE



m 1

C

m



D 2 D



Cd,

(6)
3) Determining the MAP value for BWP b based on the
set of SBSs  S b  which are consuming the BWP b in

d 1

where NMUE and ND2D is number of MUEs and D2D pairs
managed by the MBS, respectively. TSBS denotes total
throughput of SUE and DUE connections served by SBSs
which are managed by the MBS:
N S BS

T S BS 



S 1

 N SUE ,S
  Cs 
 s 1

N D 2 D ,S



d 1


C d ,


the same sector of the SBS S as follows:
max
I total

PbMAP 



(7)

cSb  S

1

,

(9)

PLc , MBS

where PLc , MBS is the pathloss value between SBS c of
where NSBS denotes the number of SBSs managed by the
center MBS. NSUE,S and ND2D,S are numbers of SUE and D2D
pairs in SBS S, respectively.

the set Sb and the MBS.
4) Informing the SBS S the selected BWP b and the MAP
value of BWP b. The MBS also updates all other SBSs
of the Sb about the new MAP value of BWP b.

3. INTERFERENCE-AWARE COORDINATED
ACCESS CONTROL MECHANISM

3.2 A SBS allocates channel and assigns transmission
power to its SUEs

The proposed interference-aware coordinated access
control (IaCAC) mechanism has following key functions: i)
dynamic BWP allocation to SBSs; ii) co-channel interference
mitigation on MUE’s connections by setting the maximum
allowable transmission power (MAP) of a BWP; iii) hybrid
channel allocation and power assignment carried out by
MBSs and SBSs; iv) distributed power control of D2D
connections.

When a SUE sends an uplink connection request to its
serving SBS, the serving SBS performs:
1) Allocating a random free channel of its available BWP
b to the SUE.
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2) Assigning the SUE an initial uplink transmission
SUE
power ( PSBS
) equal to the MAP value of the BWP b,

• With a BWP b in Bactive, based on the measurement
reports received from SBSs residing in sector j, the
MBS calculates the interference value (wb) of BWP b
in the sector j as follows:

SUE
(i.e., PSBS
 PbMAP ).

After the uplink transmission between the SUE and the
serving SBS is established, they jointly perform power control
to guarantee the SINR target of the SUE while maintaining
the transmission power less than the MAP value of the BWP
b. The SBS measures the SINR value on the allocated channel
and sends this information to the SUE. After the SUE
received the SINR value, it finds an optimal transmission
power which can provides the highest value of SUE
throughput while being lower than the MAP value of the
BWP b.

wb 

p

RSC
b,S

(10)

,

S S j

RSC

where Sj denotes the set of SBSs in the sector j, pb, S

is the energy level of the RS on BWP b estimated at
SBS S.
• The MBS selects the BWP having the minimum value
of

wb . Then, it allocates a random free channel of the

selected BWP to MUE u.

3.3 A SBS allocates channels and broadcasts the
corresponding MAP value to its DUEs

2) The MBS assigns an initial transmission power that
equal to the maximum transmission power value of the
selected BWP to the MUE.

When a DUE (i.e., a source DUE in a D2D connection)
wants to establish a D2D communication with another DUE
(i.e., a destination DUE), the source DUE sends a D2D
connection request to its serving SBS. Then, the serving SBS
performs:

After the uplink transmission between MUE u and the
managing MBS is established, the MBS and the MUE
cooperate to perform power control to guarantee the SINR
target of the MUE. The MBS measures the SINR value on the

1) Allocating a random free channel of its BWP (e.g.,
BWP b) to the source DUE.
2) Sending the selected channel and the MAP value of
BWP b to the source DUE.

Table 2: Simulation parameters.
Parameters

Source and destination DUEs jointly perform power
control. The destination DUE measures the SINR value on the
allocated channel and sends this information to the source
DUE. After the source DUE received the SINR value, it finds
an optimal transmission power which can provide the highest
value of D2D throughput while being lower than the MAP
value of the BWP b.

Simulation time
Total number of MBS
Macrocell radius(R)
Height of MBSs
Total number of channels
Number of Sectors
Number of BWPs (NBWP)
Number of channels in each BWP
(NcBWP)
Number of SBSs in each MBS

3.4 An MBS allocates an available channel and
transmission power to its MUEs
When a MUE u wants to establish an uplink transmission
to its managing MBS, the MUE firstly sends a connection
request to the MBS. The MBS performs:

SBS radius
Height of SBSs
Bandwidth of a subchannel
Maximum number of MUEs
Height of UEs
Maximum transmission power of
MUE/device
Mean distance between two devices
in a D2D pair
Target SINR of UEs
Carrier frequency
White noise power density

1) Allocating a channel for MUE u:
- By using directional antenna, the MBS estimates the
sector (e.g., sector j) where the MUE u resides in.
- The MBS finds the BWPs that are being used by other
MUEs in sector j. If these BWPs still have free channels,
the MBS assigns a random free channel in the BWPs for
MUE u. Otherwise, the MBS selects a new BWP for the
sector j as following:
• The MBS finds a set of BWPs (denoted by Bactive)
which have free channels.
1211

Value

Unit

2000
7
1000
30
50
6
10
5

second
MBS
m
m
channel
sector
BWP
channel

variabl
e
100
10
180
50
1
23

SBS
m
m
Khz
MUE
m
dBm

30

m

18.5
2.0
-174

dB
GHz
dBm/Hz
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allocated channel and sends this information to the MUE.
After the MUE received the SINR value, it finds an optimal
transmission power which can provide the highest value of
MUE’s throughput while being lower than the maximum
transmission power.

utilized by other MUEs in the same sector. Allocate a
random free channel k of BWP b to the DUE s.
MAP

2) Determining the MAP value ( Pk

) for the selected

channel k following as:

3.5 An MBS allocates a channel and assigns the MAP
value of BWP to DUEs
Consider a source DUE s, which resides in the sector v of a
MBS, wants to establish a D2D communication with a
destination DUE. The DUE s sends a D2D connection request
to the MBS. The MBS performs:

max
I total

PkMAP 



cSv

where

Sv

1
1

PLc , MBS PLd ,MBS

,

(11)

denotes the set of SBSs using BWP b in sector v.

PLc,MBS is the pathloss value between SBS c and the

1) Selecting a BWP b which is different with the BWPs

b) SINR of SUE

c) SINR of DUE

a) SINR of MUE
Figure 2. CDF of UE’s SINR.

a) MUE’s throughput

b) SUE’s throughput

c) DUE’s throughput

Figure 3. CDF of user throughput.

MBS.

4. SIMULATIONS AND PERFORMANCE
COMPARISON

PLd ,MBS is the estimated pathloss value between

the DUE d and the MBS. The equation shows the worst
case in which all SBSs located in sector v use the same
BWP b and allocate the same channel k to its UEs. It
causes co-channel interference to the D2D
communications.

In this section, we conduct discrete event simulations to
evaluate and compare the user and system performance in
terms of UE's SINR, UE’s throughput, and the system
throughput achieved by the proposed IaCAC mechanism with
those of the network-assisted device-decided (NADD)
mechanism proposed in [21] and a random channel selection
(RCS) mechanism. In the NADD mechanism, an MBS
performs access control for all MUEs, SUE, and DUEs
located in its coverage area. For a MUE connections request,

Similarly, after the connection of the D2D pair is
established, they also cooperate to perform power control as
described above.
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the MBS allocates a channel randomly and assigns the
maximum transmission power to the MUE. For a SUE/DUE
connection request, a SUE (or source DUE) first measures the
gain of all channels and selects a number of channels with the
highest gains to form its favorite channel list. Then, the SUE
(or source DUE) reports the favorite channel list to its
managing MBS. The MBS calculates and informs the SUE
(or source DUE) the maximum allowable transmission power
on each channel in the list. Finally, the SUE (or source DUE)
autonomously selects the proper channels and transmission
power to enhance the throughput. The NADD mechanism
does not perform power control to UEs. In the RCS
mechanism, MBSs and SBSs allocate channels randomly to
UEs in their serving areas. Power allocation and power
control of the RCS mechanism are similar to those of the
proposed IaCAC mechanism.

sample less than 0dB and approximately 93% of the samples
greater than 10dB. In Fig. 2b, the average SINR of SUEs
when using the IaCAC mechanism is improved by up to 29%
and 18.5% comparing to the NADD and RCS mechanisms at
10dB. Moreover, the proposed IaCAC mechanism obtains
only 4.5% of the samples less than the outage threshold of
-2.5dB, while the NADD and RCS mechanisms have 19.5%
and 10.5%, respectively. Fig. 2c shows the CDF of the
average SINR for D2D connections in which the IaCAC
mechanism has only 2% of DUE's SINR samples less than
-2.5dB and up to 92% of the samples greater than 10dB.
Meanwhile, the NADD and RCS mechanisms obtain 7.8%
and 3% samples less than -2.5dB, and 78% and 85% samples
greater than 10dB, respectively. When using the NADD
mechanism, up to 60% of samples is greater than 18.5dB.
However, it is not necessary because the highest modulation
level requires only 18.5dB.

The simulated cellular D2D communications network
consists of 7 MBSs in a hexagon layout. There are 40 SBSs
uniformly deployed in the coverage of each MBS. The
coverage radiuses of MBSs and SBSs are 1000m and 100m,
respectively. New MUE and DUE connections managed by
MBSs are generated following the Poisson process with the
mean arrival rate of 15 connections/minute for each MBS.
New SUE and DUE connections managed by SBSs are also
generated by the Poisson process with a mean arrival rate of
2.5 connections/minute for each SBS. When a new
connection is created, the corresponding source UE (i.e.,
MUE, SUE, DUE) is created which has a location randomly
distributed in the coverage area of the serving MBS or SBS.
The connection duration of UEs is exponent distribution with
the mean duration of 180 seconds. The spectrum includes 50
channels divided into 10 BWPs and each channel has the
bandwidth of 180 KHz. Each connection consumes only one
channel. The maximum transmission power of MUEs, SUEs,
and DUEs is set at 23 dBm [25]-[27]. Simulation parameters
are listed in Table 2.

Figure 3 shows a significant improvement in terms of user
throughput when using the proposed IaCAC mechanism.
Specifically, Fig. 3a shows that the proposed mechanism
achieves 91% of samples of MUE’s throughput greater than
0.6 Mbps while the NADD and RCS mechanisms are only
72% and 83%, respectively. Fig. 3b shows the CDF of SUE's
throughput in which when considering at 0.6Mbps, the
proposed IaCAC mechanism achieves 58% of samples,
whereas the NADD and RCS mechanisms obtain only 25%
and 41% samples larger than 0.6Mbps, respectively.
Similarly, Fig. 3c also shows a significant improvement in
DUE's throughput when comparing the proposed mechanism
with the NADD and RCS mechanisms.
As a result of the improvement of user throughput, the
system throughput of the IaCAC mechanism is greatly
improved compared to other mechanisms. The results in Fig.
4 show that the median value of the system throughput when

Figure 2 shows the cumulative distribution function (CDF)
of the average SINR of the UEs (i.e., MUE, SUE, and DUE).
The simulation results show that by allocating channels based
on interference level of BWPs and applying the maximum
allowable transmission power (MAP) value to SUE and DUE
uplink connections, co-channel interference is significantly
reduced. It results in much higher UE’s average SINR. For
example, in Fig. 2a, the average SINR of MUEs achieved by
the proposed IaCAC mechanism has highest performance, in
which no SINR sample is less than 0 dB and up to 97% of the
samples are greater than 10dB. While the NADD mechanism
achieves about 3% of samples less than 0dB and only 85% of
samples greater than 10dB. Because the RCS mechanism
performs the transmission power allocation and power
control similar to the IaCAC mechanism, the RCS
mechanism outperforms the NADD mechanism with no

Figure 4: CDF of the system throughput.
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5. CONCLUSIONS
In this paper, we have proposed the interference-aware
coordinated access control (IaCAC) mechanism for
heterogeneous dense cellular D2D communication networks
where both macro base stations and smallcell base stations
(SBSs) coexist. The IaCAC mechanism has been designed
under the considerations of new constraints of dense device
deployment, flexible spectrum management and low
signaling load requirements, aiming to mitigate
D2D-to-cellular interference and enhance system throughput.
Specifically, in the proposed mechanism, MBSs allocate
BWPs to SBSs dynamically according to the demand of SBSs.
Hybrid access control is performed by MBSs and SBSs
whereas DUEs perform power control autonomously.
Simulation results have proved that the proposed IaCAC
mechanism can provide higher SINR, system throughput, and
UE’s throughput than those achieved by other mechanisms.
In future works, we consider a more practical scenario which
performs the transmission power optimization of mobility
UEs.

Figure 5: System throughput comparison with different number of
SBSs.

using the proposed mechanism is 288.5 Mbps whereas that of
the NADD and RCS mechanisms is 225 Mbps and 258 Mbps
i.e., the improvement is up to 28.2 % and 11.8%, respectively.
Figure 5 shows that when the number of SBSs increases,
the IaCAC mechanism also has a higher average system
throughput than that of other mechanisms. For example,
when there are 20 SBSs in each MBS, the system throughput
is about 190 Mbps, 145 Mbps and 165 Mbps in the IaCAC,
NADD and RCS mechanisms. In general, the proposed
IaCAC mechanism can improve about 31% and 15% in the
system throughput comparing with that of the NADD and
RCS mechanisms, respectively.

ACKNOWLEDGEMENT
This work has been supported by Vietnam National
University, Hanoi (VNU), under Project No. QG.19.24.

REFERENCES
1.

Finally, we study the impacts of mean arrival rates of SUE
to the system throughput illustrated in Figure 6. The
proposed IaCAC mechanism can significantly increase the
average system throughput which achieves up to 490 Mbps
when the mean arrival rate is 2.5 connections per minute.
Meanwhile, the average system throughput achieved by the
NADD and RCS mechanisms are only 340 Mbps and 430
Mbps, respectively.

2.

3.

4.

5.

Figure 6. System throughput comparison with different connection
rate of SUE.

6.
1214

W. Cao, G. Feng, S. Qin, and M. Yan. Cellular
Offloading in Heterogeneous Mobile Networks with
D2D Communication Assistance, IEEE Trans. on
Vehicular Technology, vol. 66, no. 5, pp. 4245-4255,
May 2017.
Y. Niu, L. Su, C. Gao, Y. Li, D. Jin and Z. Han.
Exploiting Device-to-Device Communications to
Enhance Spatial Reuse for Popular Content
Downloading in Directional mmWave Small Cells,
IEEE Trans. on Vehicular Technology, vol. 65, no. 7, pp.
5538-5550, July 2016.
W. Lee, J. Kim, and S. Choi. New D2D Peer Discovery
Scheme Based on Spatial Correlation of Wireless
Channel, IEEE Trans. on Vehicular Technology, vol.
65, no. 12, pp. 10120-10125, Dec. 2016.
H. Magri, A. Noreddine, and O. Mohammed.
Device-To-Device (D2D) Communication Under
LTE-Advanced Networks, Inter. J. of Wireless &
Mobile Networks (IJWMN) Vol. 8, No. 1, Feb. 2016.
J. Huang et al. Modeling and Analysis on Access
Control for Device-to-Device Communications in
Cellular Network: A Network-Calculus-Based
Approach, IEEE Trans. on Vehicular Technology, vol.
65, no. 3, pp. 1615-1626, Mar. 2016.
P. Mach, Z. Becvar, and T. Vanek. In-Band
Device-to-Device Communication in OFDMA

Cong-Nam Tran et al., International Journal of Advanced Trends in Computer Science and Engineering, 10(2), March - April 2021, 1207 – 1215

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Cellular Networks: A Survey and Challenges, IEEE
Communications Surveys & Tutorials, vol. 17, no. 4, pp.
1885-1922, Fourthquarter 2015.
C. Yu, K. Doppler, C. B. Ribeiro, and O. Tirkkonen.
Resource Sharing Optimization for Device-to-Device
Communication Underlaying Cellular Networks,
IEEE Trans. on Wireless Communications, vol. 10, no. 8,
pp. 2752-2763, Aug. 2011.
A. Bhardwaj and S. Agnihotri. Energy- and
Spectral-Efficiency Trade-Off for D2D-Multicasts in
Underlay Cellular Networks, IEEE Wireless
Communications Letters, vol. 7, no. 4, pp. 546-549, Aug.
2018.
G. A. Safdar, M. Ur-Rehman, M. Muhammad, M. A.
Imran, and R. Tafazolli. Interference Mitigation in
D2D Communication Underlaying LTE-A Network,
IEEE Access, vol. 4, pp. 7967-7987, 2016.
N. Lee, X. Lin, J. G. Andrews, and R. W. Heath. Power
Control for D2D Underlaid Cellular Networks:
Modeling, Algorithms, and Analysis, IEEE J. on
Selected Areas in Communications, vol. 33, no. 1, pp.
1-13, Jan. 2015.
W. Lee, T. Ban, and B. C. Jung. Distributed Transmit
Power
Optimization
for
Device-to-Device
Communications Underlying Cellular Networks,
IEEE Access, vol. 7, pp. 87617-87633, 2019.
P. Gandotra and R. K. Jha. Device-to-Device
Communication in Cellular Networks: A Survey, J. of
Network and Computer Applications, vol.71, pp. 99-117,
2016.
F. Berggren and B. M. Popović. Primary
Synchronization Signal for D2D Communications in
LTE-Advanced, IEEE Communications Letters, vol. 19,
no. 7, pp. 1241-1244, Jul. 2015.
S. Cicalò and V. Tralli. QoS-Aware Admission Control
and Resource Allocation for D2D Communications
Underlaying Cellular Networks, IEEE Trans. on
Wireless Communications, vol. 17, no. 8, pp. 5256-5269,
Aug. 2018.
D. Feng, L. Lu, Y. Yuan-Wu, G. Y. Li, S. Li and G. Feng.
Device-to-device
communications
in
cellular
networks, IEEE Communications Magazine, vol. 52, no.
4, pp. 49-55, Apr. 2014.
S. Lv, C. Xing, Z. Zhang and K. Long. Guard Zone
Based Interference Management for D2D-Aided
Underlaying Cellular Networks, IEEE Trans. on
Vehicular Technology, vol. 66, no. 6, pp. 5466-5471,
Jun. 2017.
S. Liu, Y. Wu, L. Li, X. Liu, and W. Xu. A Two-Stage
Energy-Efficient Approach for Joint Power Control

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

1215

and Channel Allocation in D2D Communication,
IEEE Access, vol. 7, pp. 16940-16951, 2019.
Y. Yuan, T. Yang, H. Feng, and B. Hu. An Iterative
Matching-Stackelberg
Game
Model
for
Channel-Power Allocation in D2D Underlaid Cellular
Networks, IEEE Trans. on Wireless Communications,
vol. 17, no. 11, pp. 7456-7471, Nov. 2018.
M. Wang, H. Gao, X. Su and T. L.V. Joint channel
allocation, mode selection and power control in
D2D-enabled femtocells,” in IEEE Military
Communications Conference (MILCOM), Baltimore,
MD, USA, 2016, pp. 454-459.
K. Wen, Y. Chen, and Y. Hu. A resource allocation
method for D2D and small cellular users in HetNet, in
IEEE International Conference on Computer and
Communications (ICCC), Chengdu, China, 2017, pp.
628-632.
S. Yang, L. Wang, J. Huang, and A. Tsai.
Network-assisted device-decided channel selection
and power control for multi-pair device-to-device
(D2D) communications in heterogeneous networks, in
IEEE Wireless Communications and Networking
Conference (WCNC), Istanbul, Turkey, 2014, pp.
1356-1361.
B. Zhou, H. Hu, S. Huang, and H. Chen. Intracluster
Device-to-Device Relay Algorithm with Optimal
Resource Utilization, IEEE Trans. on Vehicular
Technology, vol. 62, no. 5, pp. 2315-2326, Jun. 2013.
J. Ding, L. Jiang, and C. He. Energy-efficient power
control for underlaying D2D communication with
channel
uncertainty:
User-centric
versus
network-centric, J. of Communications and Networks,
vol. 18, no. 4, pp. 589-599, Aug. 2016.
H. Xu, W. Xu, Z. Yang, J. Shi and M. Chen. Pilot Reuse
Among D2D Users in D2D Underlaid Massive MIMO
Systems," IEEE Trans. on Vehicular Technology, vol.
67, no. 1, pp. 467-482, Jan. 2018.
H. Sun, M. Wildemeersch, M. Sheng and T. Q. S. Quek.
D2D Enhanced Heterogeneous Cellular Networks
with Dynamic TDD, IEEE Trans. on Wireless
Communications, vol. 14, no. 8, pp. 4204-4218, Aug.
2015.
H. Tang, Z. Ding and B. C. Levy. Enabling D2D
Communications Through Neighbor Discovery in
LTE Cellular Networks, IEEE Trans. on Signal
Processing, vol. 62, no. 19, pp. 5157-5170, Oct. 2014.
G. Liu, W. Feng, Z. Han, and W. Jiang. Performance
Analysis and Optimization of Cooperative
Full-Duplex D2D Communication Underlaying
Cellular Networks, IEEE Trans. on Wireless
Communications, vol. 18, no. 11, pp. 5113-5127, Nov.
2019.

