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Abstract—In cellular device-to-device (D2D) communication
networks, devices can communicate directly with each other
without passing through base stations. Access control is an
important function of radio resource management which aims
to reduce frequency collision and mitigate interference between
user’s connections. In this paper, we propose a cluster-based
access control (CBAC) mechanism for heterogeneous cellular
D2D communication networks with dense device deployment
where both the macro base station and smallcell base stations
(SBSs) coexist. In the proposed CBAC mechanism, relied on
monitoring interference from its neighboring SBSs, each SBS
firstly selects their operating bandwidth parts. Then, it jointly al-
locates channels and assigns transmission power to smallcell user
equipments (SUEs) for their uplink transmissions and users using
D2D communications to mitigate their interference to uplink
transmissions of macrocell user equipments (MUEs). Through
computer simulations, numerical results show that the proposed
CBAC mechanism can provide higher network throughput as well
as user throughput than those of the network-assisted device-
decided scheme proposed in the literature. Simulation results
also show that SINR of uplink transmissions of MUEs and
D2D communications managed by the MBS can be significantly
improved.

Keywords—D2D communications; access control; channel al-
location; power assignment; interference mitigation

I. INTRODUCTION

Future mobile networks are expected to provide com-
munication services to billions of user equipments (UEs),
i.e., regular mobile users and machine-type communication
devices. In these networks, devices require a huge wireless
traffic demand of device-to-device (D2D) communications
such as vehicle to vehicle communications, communications
between IoT devices. In traditional cellular networks, a base
station (BS) acts as a relay to provide D2D communications
for its users. Recently, cellular networks with D2D communi-
cations allow two arbitrary devices to directly establish a D2D
communications link. With the aid of D2D communications,
these networks can obtain significant improvements in terms
of spectrum reuse, traffic offloading, low latency, and system
throughput [1]-[4]. Nonetheless, cellular networks with D2D
communications also bring lots of technical challenges such
as high signaling load and frequency collisions (which may
cause the degradation of the signal-to-interference-plus-noise
ratio (SINR)).

*Corresponding Author: Ngoc-Tan Nguyen

In cellular networks with D2D communications, there
are two type of communications, i.e., conventional cellular
communications between BSs and their UEs, and D2D com-
munications between two UEs. In the inband-overlay mode,
different frequency bands are allocated for cellular and D2D
communications, thus D2D communications cannot cause in-
terference to cellular communications. Thus, the quality of
service (QoS) of cellular communications is not affected by
D2D communications but the efficiency of spectrum utilization
is typically low [4]. By contrast, in the inband-underlay mode,
a same frequency spectrum is allocated for both cellular and
D2D communications. In this mode, the signals of a D2D
communications might cause D2D-to-cellular interference to
cellular communications when they use same channels [5]-
[8], [9]. It is worth noting that cellular communications are
given higher priority than D2D communications. To mitigate
D2D-to-cellular interference, an efficient access control mech-
anism including channel allocation and transmission power
assignment is needed to handle D2D connection requests.

Channel allocation, transmission power assignment, and
interference mitigation are crucial research issues in cellular
D2D communications networks. Power control can be imple-
mented in different approaches, i.e., centralized manner or
distributed manner [10]-[11]. In [10], the authors show that
power control using the centralized algorithm can obtain higher
performance than that using the distributed algorithm, but it
suffers higher overhead as the number of devices increases. By
contrast, in the distributed algorithm, D2D users exploit local
channel state information to decide the transmission power,
thus the overhead can be reduced. However, they might use
high transmission power which can cause high interference
to cellular users. Similar results for both centralized and
distributed algorithms are also presented in the work [11].
The work in [12] provides a survey of radio resource man-
agement methods to reduce interference between D2D users
and cellular users. Channel reuse technique using orthogonal
frequency-division multiplexing is proposed in [13] where
D2D and cellular users can share 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
device 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
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Fig. 1. A Dense Heterogeneous Cellular Network with D2D Communications.

exact closed-form expressions for the successful transmission
probability of cellular users are proposed under the assumption
that D2D users are uniform distributed within a geographical
area. The scheme optimizes the guard zone’s inner radius
under the criteria of maximizing both transmission power and
average throughput. Yet, this approach is only efficient for
mobile networks with low user density.

The aforementioned works only study separated problems
of channel allocation and power control which might lower the
system performance. The authors in [9] analyze the impacts
of co-channel interference between D2D links. Co-channel
interference is unavoidable when the device density is ultra
high. By joint optimizing channel allocation and power control,
the interference mitigation efficiency and system performance
can be significantly improved. A two-stage energy efficient
maximization method including the power control and the
channel allocation algorithms to improve D2D pair energy
efficiency is proposed in [17] for D2D networks with low
density. For dense D2D communication networks, the pro-
posed method might cause high computation load. In [18], a
distributed channel allocation and power control method based
on Stackelberg game for D2D underlaid cellular networks is
proposed to improve the sum-rate of D2D communications
while meeting the QoS requirements of cellular users. This
method can reduce the computation load of the base station
effectively in small D2D communication networks. In [19],
the authors propose a centralized resource management mech-
anism including channel allocation and transmission power
control for heterogeneous cellular networks assisted by D2D
communications. This mechanism can significantly improve
the system throughput by mitigating D2D-to-cellular interfer-
ence. However, it requires high computation load of the MBS
and the channel measurement capability of UEs as the numbers
of UEs and channels increase.

To our best knowledge, a practical access control mech-
anism for dense heterogeneous cellular networks with D2D
communication assistance in which both the MBS and small-
cell base stations (SBSs) coexist has not been investigated

in the literature. In this paper, new constraints including
the dense deployment of UEs and SBSs, flexible spectrum
management (i.e., allocating multi bandwidth parts (BWPs)
for UEs), and signaling load requirements are considered for
the proposed heterogeneous cellular network assisted by D2D
communications. Then, we propose a cluster-based access con-
trol mechanism involving the BWP selection for SBSs, channel
allocation, and power assignment to smallcell user equipments
and users using D2D communications to mitigate D2D-to-
cellular interference as well as enhance network throughput.

The remainder of the paper is organized as follows. The
system model of the proposed heterogeneous cellular D2D
communication networks with dense device deployment is
described in Section 2. Section 3 presents the proposed cluster-
based access control mechanism. Simulation results and dis-
cussions are provided in Section 4. Finally, the conclusion is
presented in Section 5.

II. SYSTEM MODEL
A. System Model

As illustrated in Fig. 1, the proposed system model consists
of a macro base station (MBS) and S smallcell base stations
(SBSs) located randomly in the coverage area of the MBS
to increase the network capacity. There are three considered
types of user equipments (UEs): (1) macrocell UEs (MUEs)
served by the MBS, (2) smallcell UEs (SUEs) served by the
according SBS, (3) users using D2D communications (DUEs).
Under this setting, D2D communications allow the DUEs to
exchange their data to each other directly to provide low
latency communications. The coverage area of MBS is divided
to multiple sectors in which the uplink transmissions to the
MBS and SBSs, and D2D communications share a same
frequency spectrum of N¢ channels. This spectrum is divided
to M bandwidth parts (BWPs). Each uplink transmissions to
the MBS and SBSs utilizes one channel belonging to a BWP. A
D2D communication between a pair of DUE:s is also allocated
one channel of a BWP. Each BWP has NEW7? channels for
data transmissions and one reference signal (RS) channel for

www.ijacsa.thesai.org

804 |[Page



(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 12, No. 2, 2021

TABLE I. MATCHING TABLE BETWEEN THE SPECTRUM EFFICIENCY AND SINR [19]

Code Rate (Default

Spectrum Efficiency n

Modulation Repetition=1) (bps/Hz) Minimum SINR (dB)
QPSK To(4) 0.25 25
QPSK h(2) 0.5 0.5
QPSK s 1 35
QPSK E 1.5 6.5
16-QAM Ly 2 9
16-QAM B 3 12.5
64-QAM Ty 3 14.5
64-QAM 2 4 16.5
64-QAM B 45 18.5

broadcasting the RS. When a SBS uses a BWP, the SBS
broadcasts the predefined RS on its RS channel of the BWP
at a fixed transmission power. A SBS forms a D2D cluster
and is allowed to use up to m BWPs of the total M BWPs
of the network. Among of them, msyr BWPs can be used
for uplink transmissions of SUEs and mpop BWPs can be
allocated to D2D communications.

B. Pathloss Models and Interference Analysis

In the literature, various channel models are considered
for the D2D communication networks [19]-[22]. In this pa-
per, channel models proposed in [19] are adopted for the
performance comparison. The channel model includes two
transmission modes, i.e., Line-of-Sight (LOS) and non-Light-
of-Sight (NLOS). The pathloss of these transmission modes
are estimated as follows:

e 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 + 30log, (d) + . (1)

e 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 + 37.6log;, (d) + s, (2)

where d is the distance between a sender and a receiver
in kilometers. ¢ is the shadowing in dB which follows
log-normal distribution with the mean is zero and the
standard deviation is one.

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

Nch
C=> mBi 3)
i=1

where N, is the number of channels used by the UEs. B;
denotes the bandwidth of the channel i-th among N, channels.
The spectrum efficiency of the channel i-th which (denoted
as 7;) depends on the SINR measured at the receiver (as
shown in Table I [19]). To increase the spectrum efficiency
of the proposed system, channels are reused in both D2D

communications and uplink transmissions in the MBS and
SBSs. However, this leads to the co-channel interference to
the MUE. Specifically, when a SBS allocate a channel which
is using by the MUE to its SUEs or DUEs, this can cause co-
channel interference to the MUE. The D2D communications
managed by the MBS can also interfere the uplink transmission
of the MUE if they use same channel. Therefore, there is
a need of an access control mechanism to allocate channel
and optimize transmission power to minimize the co-channel
interference.

III. CLUSTER-BASED ACCESS CONTROL MECHANISM

In order to mitigate co-channel interference as well as
improve the system throghput, in this section, a cluster-based
access control (CBAC) mechanism, which consists of channel
allocation and power control, is designed for both the MBS and
SBSs in the proposed D2D mobile network with the dense
deployment of SBSs and DUEs. Firstly, a SBS selects its
BWPs and forms its cluster (involving its SUEs and DUEs).
The SBS can accept or remove a UE (i.e. a SUE or DUE) when
the UE enters or moves out its coverage area, respectively.
Then, the SBS performs the proposed CBAC mechanism to
SUEs and DUEs those are in its cluster. While, the MBS
performs the proposed CBAC mechanism to its MUEs and
DUE:s those do not belong to any cluster.

The functions of the MBS and SBSs are listed in detail as
follows:

A. A SBS Selects BWPs

1)  When a SBS configures its operating BWPs, it mea-
sures energy levels of RS channels of M BWPs, and
then selects m BWPs having the lowest energy levels
among M BWPs.

2) Then, among m selected BWPs, it assigns mpsp
BWPs for D2D communications which have lower
RS energy levels than those of the remainder (m sy g)
BWPs for cellular communications.

3)  Finally, it informs the MBS about its BWP config-
uration. The MBS is then responsible to update the
number of SBSs using the same BWP.

B. A SBS Manages its Cluster and Estimate the Maximum
Acceptable Interference

1)  Accept a new UE: The SBS periodically broadcasts
its pilot signal. If a new UE wants to be served by an
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SBS, it detects a SBS with the strongest pilot signal
among all SBSs in its range. Then, it sends a request
to that SBS for cluster registration. If the SBS still has
an available room for the UE, it accepts the UE to join
its cluster. Otherwise, the SBS rejects and informs the
UE to look for another available SBS.

Remove an inactive UE: A UE might be inactive
when it is off or moves out the coverage area of its
serving SBS. The serving SBS periodically asks its
UEs to confirm whether they are still active or not.
If the serving SBS does not receive any confirmation
from a UE, the serving SBS can remove the UE out
of its cluster.

The SBS estimates the maximum acceptable inter-
ference: It is worth noting that the channel allo-
cated to a D2D communication or an uplink cellular
transmission to the SBS might be also used by a
MUE. In that case, the SUEs or DUEs (served by the
SBS and MBS) can cause interference to the MUE.
Therefore, the SBS must control the transmission
power of its SUE and source DUE subject to their
interference to the MUE that does not exceed the
maximum acceptance interference. It is worth noting
that the worst case of an edge MUE which is most
vulnerable to interference from SUEs and DUEs is
considered. Firstly, the MBS informs the SBS about
the maximum acceptable interference I/ that the
edge MUE still can guarantee its SINR threshold:

Pz
max __ ( 4)

total — ’VOTL(R)’

where PMUE i5 the maximum transmission power
of the MUE. PL(R) is the estimated pathloss of
the channel link from the edge MUE to the MBS
with R is the radius of the MBS’s cell. 7° denotes
the SINR threshold of the uplink transmission from
the MUE to the MBS. Under the worst setting, all
neighbors of the SBS also allocate the same channel
to their SUEs or DUEs. Assume that the SBS can
detect Ngpg neighbors, then the SBS can calculate
the maximum acceptable interference that its DUE or
SUE can cause to the edge MUE:

Imax

Jmaz total . 5
SBS ™ Ngps + 1 ©)

C. A SBS Allocates Channel And Assign Transmission Power
To Its SUEs

1)

2)

When a SUE wants to establish an uplink connection
with its SBS, the SUE firstly sends a connection
request to its SBS.

Then, the serving SBS finds a BWP that has available
channels and the lowest RS energy level among
msuyge BWPs. If a qualified BWP is found, the SBS
allocates a round-robin free channel of the BWP to
the SUE with an uplink transmission power P5YZ

. SBS
assigned as follows:
P§pE = IT5EPL(dvBs—sBS) , (6)

where PL (dyps—sps) is the estimated pathloss
from the MBS to the serving SBS. Assume that

Vol. 12, No. 2, 2021

the pathloss information of SUEs is not available at
the serving SBS (since it does not know the exact
locations of SUEs). Thus, the pathloss from SUEs to
the SBS is approximateed as the pathloss from the
MBS to SBS.

D. A SBS Allocate Channel And Assign Transmission Power
To Its DUEs

)

2)

When a DUE wants to establish a D2D communica-
tion with another DUE, the DUE firstly sends a D2D
connection request to its serving SBS.

Then, the serving SBS finds a BWP which has
available channels and the lowest RS energy level
among mpop BWPs. If a qualified BWP is found,
the SBS allocates a round-robin free channel of the
BWP to the DUE with a transmission power POYF
assigned as follows:

PEYE = ITEPL (dyps—sBs) - @)

E. The MBS Assigns Channel and Transmission Power to its

MUEs
D

2)

3)

When a MUE wants to establish an uplink transmis-
sion to the MBS, the MUE firstly sends a connection
request to the MBS.

Then, the MBS allocates a round-robin free channel
to the MUE and assign an initial transmission power
PMUL 1o the allocated channel.

After the uplink transmission between the MUE and
the MBS is established, they collaborate to optimize
the uplink transmission power for the MUE. Firstly,
the MBS measures the SINR of the uplink channel
and finds an optimal transmission power (that guar-
antees the SINR target) for the MUE. Then, it sends a
power control message with the optimal transmission
power information to the MUE.

F. The MBS Assigns a Available Channel and Transmission
Power to DUEs that do not Belong to any Clusters

1))

2)

3)

When a DUE, which is currently served by the
MBS, wants to establish a D2D communication with
another DUE, it sends a D2D connection request to
the MBS. Then, the MBS allocates a round-robin free
channel of its BWP to the DUE.

The worst case is considered in which all SBSs also
allocate the same channel to its UEs that causes
interference to the D2D communications served by
the MBS. Sincg: the MBS knows the number of SBSs
(denoted as Ngpzg) which are using the same BWP.
Then, the MBS estimates the maximum acceptable
interference (I;%’s) that the SBS’s UEs and the DUE
(served by the MBS) can cause to the MUE:

IIII&X
I}\Z}%LS _ b total (8)
Nsps +1
Finally, the MBS assigns the transmission power to
the DUE:

PSS = IN%sPL (dpup—mBs) » 9

where PL (dpygp—mps) is the estimated pathloss
from the DUE to the MBS.
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Fig. 2. (a) Network Throughput, (b) Total Throughput Obtained by MUEs, (c¢) Total Throughput Obtained by SUEs, (d) Total Throughput Obtained by D2D
Communications vs. D2D Percentage.

IV. SIMULATIONS AND NUMERICAL RESULTS

In the section, we conduct computer simulations and
performance evaluations of the proposed cluster-based access
control (CBAC) mechanism and the dynamic network assisted
device decided (NADD) mechanism proposed in [19]. In our
simulations, we consider a MBS and 50 SBSs under the
coverage of the MBS (having a radius of 1000m). Each SBS
has the coverage radius of 100m. The spectrum has 60 channels
divided into 6 BWPs and each channel has the bandwidth of
180 KHz. Under this setting, each MUE or SUE uses one
channel for their uplink transmissions and the other channel
is used for D2D communications. The maximum transmission
power of MUEs, SUEs, and DUEs is 23 dBm [23]-[25]. Each
SBS is assumed to consume two BWPs, the former is used
for SUEs’ uplink transmissions and the latter is used for D2D

communications. The SUE and D2D percentages of a SBS are
defined as the ratios of the number of simultaneous SUEs’
uplink transmissions and D2D communications to the total
number of available channels of the SBS, respectively. Other
setting parameters are listed in Table II.

A. Throughput Performance

For throughput performance comparison, two scenarios,
i.e., different D2D percentages and SINR thresholds, are
investigated to evaluate the throughput performance.

1) Varying D2D Percentage: Fig. 2(a) - Fig. 2(d) show the
comparisons of the network throughput, total throughput ob-
tained by MUEs, SUEs, and DUEs (via D2D communications),
respectively, when varying the D2D percentage. Two different
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TABLE II. SIMULATION PARAMETERS.

[ Setting Parameters [ Value | Unit |
Macrocell radius (R) 1000 m
Number of channels 60 channel
Number of BWPs 6 BWP
Number of SBSs 50 SBS
Number of BWPs in a SBS 2 BWP
Smallcell radius 100 m
Bandwidth of a subchannel 180 KHz
Number of macrocell UEs 50 MUE
Number of SUEs in a SBS 8 SUE
MUE channel usage 1 channel
SUE channel usage 1 channel
D2D channel usage 1 channel
Maximum transmission power of MUE/device 23 dBm
Mean distance between two devices in D2D pair 20 m
MUE’s SINR target for power control 20 dB
MUE’s SINR threshold 7.5 dB
Carrier frequency 2.0 GHz

settings of the SUE percentage in each SBS (i.e., 50% and
80%) have been considered in all simulations. In Fig. 2(a),
simulation results show that the proposed CBAC mechanism
provides higher network throughput than that of the NADD
mechanism. For example, when the SUE and D2D percentage
are 50% and 70%, respectively, the network throughput of
the proposed CBAC mechanism is 10% higher than that of
the NADD mechanism. As the D2D traffic load increases, the
network throughput also increases since SBSs can accept any
new D2D connection requests until all D2D channels of SBSs
are occupied. However, when the D2D traffic load increases,
the throughput obtained by MUEs and SUEs are decreased
as shown in Fig. 2(b) and Fig. 2(c), respectively. It is due to
the fact that D2D communications can cause interference to
MUEs and SUEs. Thus, the more D2D communications, the
higher interference to MUEs and SUEs. It is recommended
that in the cellular D2D mobile network, it is necessary to
set a limit on the number of D2D communications. As can
be seen in Fig. 2(d), the total throughput obtained by D2D
communications of the proposed CBAC mechanism is higher
than that of the NADD mechanism. The reason is that in the
proposed CBAC mechanism, a SBS can select BWPs with low
interference levels for D2D communications which results in
lower interference from other SBSs and MUEs.

2) Varying SINR threshold: Fig. 3 illustrates the total
throughput obtained by MUEs, SUEs and D2D communi-
cations as varying the SINR threshold of the MUE under
the setting of the SUE and D2D percentages at 80%. When
the SINR threshold of the MUE increases, the maximum
acceptable interference is decreased which results in reducing
the transmission power of SUEs and DUEs. Therefore, as
shown in Fig. 3, the total throughput obtained by MUEs
is increased. Overall, the proposed CBAC mechanism has
higher total throughput obtained by MUEs, SUEs and D2D
communications than those of the NADD mechanism. The
reason is that the proposed CBAC mechanism is able to
avoid the frequency collision between uplink transmissions of
SUEs and D2D communications, thus reduce the co-channel
interference from SUEs and D2D communications to MUEs.

B. Interference Mitigation

To evaluate the interference mitigation of the proposed
CBAC mechanism for co-channel interference from uplink
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Fig. 3. Network Throughput vs MUE’s SINR Threshold.

transmissions of SUEs and D2D communications to MUE:s,
we plot the statistical cumulative distribution functions (CDFs)
w.r.t. SINRs of received signals of the MUEs’ and SUEs’
uplink transmissions, and D2D communications, respectively,
which are measured at the MBS when the SUE percentage
of each SBS is 80%. As shown in Fig. 4(a), at the SINR
value of 7dB, the NADD mechanism can provide 30% of
SINR samples less than 7dB whereas the proposed CBAC
mechanism provides 40% of SINR samples less than 7dB.
However, at the higher SINR value, e.g., 10dB, the proposed
and NADD mechanisms provide about 45% and 90% of SINR
samples less than 10dB, respectively. That means the proposed
CBAC mechanism is able to mitigate the interference from
SUEs and D2D communications to MUEs in the case of
dense device deployment. Fig. 4(b) and Fig. 4(c) also show
that the proposed CBAC mechanism provides better SINR
than the NADD mechanism. It is due to the fact that in the
proposed CBAC mechanism, each SBS forms a cluster and
allocates different BWPs to SUEs’ uplink transmissions and
D2D communications in its cluster, thus the interference be-
tween SUEs’ uplink transmissions and D2D communications
are locally eliminated which results in the improvement of
SINR of SUEs and D2D communications.

V. CONCLUSION

In this paper, we have studied a heterogeneous cellular D2D
communication networks with new constraints of dense device
deployment, flexible spectrum management and low signaling
load requirements. We have then proposed the cluster-based
access control (CBAC) mechanism to mitigate D2D-to-cellular
interference and enhance network throughput. Specifically, in
the proposed mechanism, each SBS firstly forms a cluster
of SUEs and DUEs, and selects qualified BWPs. Then, it
jointly performs channel allocation and transmission power
assignment to its SUEs or DUEs based on the estimated max-
imum D2D-to-cellular interference. Simulation results have
proved that the proposed CBAC mechanism can provide higher
network throughput as well as total throughput obtained by
MUEs, SUEs, and DUEs (via D2D communications). There
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Fig. 4. (a) CDF of MUE’s SINR, (b) CDF of SUE’s SINR, (c) CDF of D2D’s SINR.

are still open research issues for future research in resource
management for heterogeneous cellular D2D communication
networks with dense device deployment such as the coopera-
tive access control between the MBS and SBSs, or a distributed
transmission power optimization and interference mitigation
problem.
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