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Abstract

In this paper, we propose a network-assisted device-controlled (NADD) round-robin (RR)
resource management to improve the system throughput without degrading the link reliability
of users, and achieve the fairness for multiple device-to-device (D2D) pairs in the macrocell,
femtocell and D2D communications coexisting heterogeneous network. The proposed NADD
RR scheme can determine the suitable transmission power of each resource block (RB) based
on the information of the maximum interference tolerance (MIT) broadcast by macrocells and
femtocells. We assume that each D2D pair can realize the amount of D2D pairs and the
arranged sequence number by macrocell's broadcast. Therefore, the scheme can fairly allocate
the resource blocks (RBs) with corresponding transmission power for D2D communications.
Simulation results show that our proposed NADD RR scheme can improve the system
throughput and maintain the original link reliability of macrocell and femtocell users while

guarantee the fairness factor among the D2D pairs.

Index Terms—Device-to-device (D2D) Communications; small cell; femtocell;
heterogeneous network; resource management.
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Network-Assisted Device-Decided (NADD) Round
Robin Scheduling for Multi-Pair Device-to-Device
(D2D) Communications in Heterogeneous
Networks

Ang-Hsun Tsai, Member, [EEE, Chung-Hsien Tsai, Member, IEEE, and Li-Chun Wang, Fellow, I[EEE

Abstract—In this paper, we propose a network-assisted device-
decided (NADD) round-robin (RR) resource management to
improve the system throughput without degrading the link
reliability of users, and achieve the fairness for multiple device-
to-device (D2D) pairs in the macrocell, femtocell and D2D com-
munications coexisting heterogeneous network. The proposed
NADD RR scheme can determine the suitable transmission
power of each resource block (RB) based on the information
of the maximum interference tolerance (MIT) broadcast by
macrocells and femtocells. We assume that each D2D pair can
realize the amount of D2D pairs and the arranged sequence
number by macrocell’s broadcast, Therefore, the scheme can
fairly allocate the resource blocks (RBs) with corresponding
transmission power for D2D communications. Simulation results
show that our proposed NADD RR scheme can improve the
system throughput and maintain the original link reliability of
macrocell and femtocell users while guaranteeing the fairness
factor among the D2D pairs.

Index Terms—Device-to-device (D2D) Communications; small
cell; femtocell; heterogeneous network; resource management.

[. INTRODUCTION

Device-to-device (D2D) communications, which allows
direct communication with low power between proximate
devices [2], [3], can offload the traffic and improve the system
capacity. As shown in Fig. 1, D2D pairs (e.g., device 1
and device 2) can directly communicate with each other
in the ultra-dense heterogeneous network (HeNet). Because
the data transmission of D2D pairs does not pass through
the macrocell base station (MBS) and femtocell base station
(FBS), D2D communications can offload the traffic from

This work was sponsored by the Ministry of Science and Technology
(MOST) of Taiwan under Grants MOST 105-2221-E-606-003- and MOST
105-2221-E-606-004-,

A.-H. Tsai is with the Department of Electrical and Electronic Engineering,
Chung Cheng Institute of Technology, National Defense University, Taiwan
(e-mail: anghsun(agmail com).

C.-H. Tsai is with the Department of Computer Science and Information
Engineering, Chung Cheng Institute of Technology, National Defense Uni-
versity, Taiwan (e-mail: keepbusytsai@gmail.com).

L-C. Wang is with the Depariment of Electrical and Com-
puter Engineering, National Chiao Tung University, Taiwan (e-mail:
lichuni@g?2 netu.edu.tw).
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Fig. 1. Multi-pair device-to-device (D2D) communications with three-tier
interference in ultra-dense heterogeneous networks.

the macrocell system and femtocell system. The D2D users
(DUEs) have reliable communication with very low trans-
mission power due to the short distance between proximate
DUEs. In addition, with the frequency reuse, the D2D com-
munications can improve the spectrum efficiency. Therefore,
the D2D communications is an important technology in the
fifth-generation (5G) mobile communications.

However, the complicated three-tier interference is the
challenge to D2D communications in the Macro/Femto/D2D
HeNet. The received DUE may suffer the macro-to-device,
femto-to-device, and device-to-device interference, while the
transmitted DUE may interferes with the MBS, FBSs and
the other D2D pairs. The serious three-tier interference may
decrease the throughput and service quality of DUEs,

In the literature, some studies [4], [8] on D2D commu-
nications investigated the impacts of resource management
on the system throughput and link reliability for the cellular
macrocell networks with proximity communications systems.
In [8], the authors proposed a time-frequency hopping scheme
to analyze the rate performance for a D2D-enabled cellular

APWCS 2017



network with assuming that D2D links can use the same
resources or different resources with the macrocell system.
With the analysis, the paper [8] shown that the D2D-enabled
cellular network can achieve a higher average total rate when
DUES use the orthogonal resources with the cellular network.
The paper [4] investigated the impacts of the D2D spectrum
sharing schemes and D2D mode selection on the system
capacity and coverage, and concluded that the network should
decrease the available spectrum for D2D communications to
limit the interference if the number of D2D pairs increases.
Some researches [5], [6] studied the D2D communications
with considering the fairness issue. The paper [6] proposed
a group fairness scheduling with considering both the spa-
tial frequency reuse and multi-user diversity to improve the
spectrum efficiency, while guaranteeing the fairness among
users in a D2D-enabled cellular system. The authors in [5]
combined the scheduling algorithms (i.e., the round robin
scheduling and the proportional fair scheduling) and spatial
reuse to improve the users’ throughput for D2D communi-
cations. However, these works [4]-[6], [8] considered the
resource management schemes only for the macrocell and
D2D coexistent network system, and the issue of three-tier in-
terference in the Macro/Femto/D2D HeNet was not discussed.
In our previous work [7]. we proposed a network-assisted
device-decided (NADD) resource management to enhance
the system throughput and guarantee the service quality of
users for the Macro/Femto/D2D HetNet. Nevertheless, the
resource allocation scheme considered the single pair D2D
communications only. The issue of multiple D2D pairs did
not discussed in the paper [7].

In this paper, we propose an NADD round-robin (RR)
resource management to enhance the system throughput and
service quality of users, while achieving an acceptable capac-
ity fairness for D2D pairs. For the NADD scheme [7] only,
DUEs can determine the available transmission power on the
corresponding resource block (RB) based on the information
of the maximum interference tolerance (MIT) broadcast by
MBS and FBSs. However, with the proposed NADD RR
scheme, we assume that the MBS realizes total number of
D2D pairs, and sequentially gives each D2D pair a single
order number, i.e., number 1 for the first D2D pair, number 2
for the second D2D pair, etc, The MBS also broadcasts these
specific order numbers to DUEs. Accordingly, D2D pairs can
sequentially and autonomously select the RBs and adjust the
suitable transmission power to mitigate the complicated three-
tier interference, which improves the system throughput. In
addition to system throughput, the link reliability of users and
the fairness among D2D pairs are taken into account in this
paper. The simulation results show that our proposed NADD
RR scheme can improve the system throughput without
sacrificing the service quality of macrocell users (MUEs)
and femtocell users (FUEs), and can achieve an acceptable
fairness.

The remainder of this paper is organized as follows. Sec-
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tion IT introduces the problem formulation, and the proposed
NADD RR scheme is detailed in Section III. We show the
simulation results in Section IV. Finally, our concluding
remarks are given in Section V.

II. PROBLEM FORMULATION

D2D communications can increase the system throughput
for the Macro/Femto/D2D heterogeneous network (HetNet)
if the three-tier interference can be controlled well. In con-
ventional macrocell network with D2D communications, the
macrocell can schedule the most suitable RBs and transmis-
sion power for D2D pairs to control the macro-to-device
and device-to-macro interference and to enhance the system
throughput. However, in the Macro/Femto/D2D HetNet, the
macrocell cannot correctly estimate the interference between
D2D pairs and femtocells because a FBS can be deployed by
users in any location and femtocells can autonomously allo-
cate the radio resource for FUEs. Consequently, the macrocell
cannot allocate the suitable radio resource for D2D pairs, and
DUESs should have the ability to participate in managing their
radio resource. With multiple D2D pairs in the HetNet, the
network should assist D2D pairs to fairly allocate the radio
resource to avoid the unfair allocations among D2D pairs
(i.e., some D2D pairs can use a lot of radio resource and
the others may have no radio resource for transmission). In
this paper, we propose the NADD RR scheme to help D2D
pairs fairly allocate RBs with the proper transmission power to
improve the system throughput. Furthermore, the NADD RR
scheme can ensure that the link reliability of MUEs and FUEs
does not be sacrificed for the improvement of the system
throughput.

III. NETWORK-ASSISTED DEVICE-DECIDED (NADD)
ROUND ROBIN (RR) SCHEME

In this section, we detail the NADD RR scheduling. We
assume that the MBS and FBSs can provide the maximum
interference tolerance (MIT) information of each RB for all
D2D pairs. With the MIT information from MBS and FBSs,
D2D pairs can estimate the maximum allowable transmission
power on each RB for D2D communications to ensure the link
reliability of MUEs and FUEs. For reliable communication,
D2D pairs can estimate the minimum transmission power on
each RB. We assume that the MBS knows the amount of D2D
pairs and assign numbers to these D2D pairs (e.g., number 1
for the first D2D pair, number 2 for the second D2D pair,
ete.) to help D2D pairs fairly allocate the RBs. Therefore, each
D2D pair can understand the D2D identification (ID) number,
and can select the RBs with corresponding transmission power
by turns.

Denote Npop as the number of D2D pairs, PALIT
as the maximum allowable transmission power on the n-th
RB for the i-th D2D pair, and P53 as the minimum

P.D‘E.D,n.i
transmission power on the n-th RB for the i-th D2D pair.



TABLE 1
OFDMA MACRO/FEMTO/D2D NETWORK SYSTEM PARAMETERS

Parameters Values
Macrocell radius (Fyn ) 500 m
Carrier frequency 2.0 GHz
System bandwidth (B) 10 MHz
FFT size (NppT) 1024
Number of RBs (Nggp) 30
Number of data subcarriers (Nge) 600
RB bandwidth (Brg) 180 KHz

Number of MUEs (N i) 30

Number of D2D pairs (Npap) 5~20
Number of FBSs (Npps) 100
Separation distance between a D2D pair (dpap) 10 m
Maximum transmit power of MUE/FUE/DUE 23 dBm

Noise figure (MBS/FBS/UE) 5dB/5dB/ 7 dB
Predefined effective CINR threshold

for link reliability requirement (-, )

-2.5dB

The procedures of the NADD RR scheduling are described
in the following:

1: The MBS forwards the assistant information to all the
D2D pairs, such as the number of D2D pairs Npap and
the D2D ID numbers, etc.

2: Each D2D pair collects all the MIT information from the
MBS and FBSs, and determines the maximum allowable
transmission power P";’Q‘HM for each RB based on the
MIT information.

3: Each D2D pair determines the minimum transmission
power criterion P5YHET ™ on each RB.

4: fori=1to Npap do

5 n=t.

6: while n < Ngp do

: fERE | xPOEE,

8: The D2D pair i selects the RB n for
transmission, and adjusts the transmission
power on the RB n to PALIT

9: end if

10: end while
11: end for

IV. SIMULATION RESULTS

In this section, we show performance improvements of the
NADD RR scheme in the OFDMA-based Macro/Femto/D2D
HetNet system subject to the complicated three-tier interfer-
ence. Figure 1 shows the simulation environment, where there
are Npps femtocells uniformly distributed in a macrocell
with a radius of K, (m). One FBS is deployed at the center
of one house, which covers an area of 100 square meters.
Each femtocell serves one indoor user, and the femtocell
user's locations are uniformly distributed within the house.
In addition, Npzp D2D pairs are uniformly distributed in
the macrocell, and the distance between two devices of a
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D2D pair is assumed to be dpop (m). Table [ lists the
related system parameters for the considered OFDMA-based
Macro/Femto/D2D systems.

We assume that the macrocell system is fully-loaded, i.c.,
all the RBs are occupied by the MUEs. We also assume
that femtocells can appropriately adjust the number of used
RBs to lower the interference. We define the resource block
usage ratio as p. = Nyaie/ Nprp for femtocells, where Ngar,
is the number of used RBs by femrocells and Npp is the
number of total RBs. In this paper, we assume p, = 0.1 for
mitigating the femto-to-macro, femto-to-femto and femto-to-
device interference. The channel model, definitions of link
reliability and throughput can refer to our previous work
in [7], but we make some modifications for multiple D2D
pairs in the ultra-dense HetNet. The capacity fairness among
D2D pairs is also considered in this paper. Denote C; as the
throughput of the i-th D2D pair. For these Npop D2D pairs,
the fairness factor is defined as [1]

%
Npzp =

(% o

F= (1)

Npzp 7
Npap Z] c:
1=
with the range between 0 and 1. With F' = 1, it represents
that all the D2D pairs achieve the perfect fairness situation,
and have the same throughput.

Three cases are compared with the conventional
Macro/Femto systems without D2D. Case | represents
the proposed NADD RR scheduling scheme. Case II
represents the NADD scheme only. That means D2D users
can select all the RBs that PALYT, . = PETiterion n, Vi,
and adjust the corresponding power for transmission without
in turn selections. Case III represents the situation that
the D2D pair uses all the RBs and maximum power for
transmission without power control in the Macro/Femto/D2D
systems.

A. Impacts on Link Reliability

Figures 2 and 3 show the link reliability performance of
FUEs, DUEs, and MUEs against the number of D2D pairs.
From the figures, we have the following observations:

1) Because of the increasing device-to-femto, device-to-
macro and device-to-device interference, the link reliabil-
ity decreases as the amount of D2D pairs increases. The
FUEs have the best link reliability performance because
of the wall protection. With the shorter distance between
DUESs of each one D2D pair, the DUEs can achieve better
link reliability than the MUEs. The MUEs have the worst
link reliability performance due to the strong femto-to-
macro and device-to-macro interference.

2) The proposed scheme (case 1) can achieve higher link
reliability than case II and case III for DUEs. This
is because the proposed NADD RR scheme can help
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D2D pairs select the RB in turn, and the device-to-
device interference is not existing among D2D pairs. In
addition, the NADD RR scheme dose not degrade the 1) The system throughput decreases as the number of D2D

link reliability of FUEs and MUEs as the number of pairs increases due to the increasing device-to-femto,
D2D pairs increases. device-to-macro and device-to-device interference. The
3) For DUEs, the proposed NADD RR scheme can have proposed NADD RR scheme can achieve approximate
some improvement compared with case 11 and case I11. average system throughput for femtocell and macrocell,
Moreover, the proposed NADD RR scheme can im- compared to the scheme without D2D pairs. This is be-
prove link reliability 188% and 1100% for MUEs with cause the NADD RR Sf’hf’me Cart.m tutn allocate t}}c RBs
Npap = 20 D2D paits, compared to case I and case 111 and control the transmission power with guaranteeing the

link reliability of MUEs and FUEs.
2) Case Il has the best throughput while case I has the

B. Impacts on Average System Throughput worst for DUEs. This is because each D2D pair can use

Figures 4, 5 and 6 shows the average system throughput of all the RBs for transmission in case III while all the D2D
femtocell, macrocell, and D2D system against the number pairs can allocate the RBs by turns in case [. However,
of D2D pairs. From the figures, we have the following case II and case III have worse system throughput than
observations: case I for femtocells and macrocells. That means the
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scheme of case TII has the strongest interference to
macrocell and femtocell systems.

C. Impacts on Fairness

Figure 7 shows the fairness factor of D2D pairs against the
number of D2D pairs. From the figure, we have the following
observations:

1) The fairness factor decreases as the amount of D2D
pairs increases due to the increasing difficulty in fairly
allocating the RBs and power. Case III can has the
best fairness factor, because any D2D pair uses all
the RBs and maximum power for transmission without
power control. However, the scheme has the most serious
interference situation.

Case II and case 1 have the similar fairness factor
when the number of D2D pairs Npap < 20, while

2)
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case Il has the better fairness factor than case 1 when
the number of D2D pairs Npzp = 20. We explain
as following. In case II, D2D pairs can select all the
RBs with corresponding transmission power if the max-
imum allowable transmission power is higher than the

minimum transmission power criterion (i.c., PAL

S D2D i =
PEyaerion \n i) for these RBs. The scheduling of

case II is independent of the number of D2D pairs Npap.
However, the proposed NADD RRscheme (case [) the
D2D pairs in turn select the RBs with corresponding
transmission power. The scheduling of case | is depen-
dent on the number of D2D pairs Npap. As the number
of D2D pairs Npop approaches the amount of RBs
Ngp, the scheduling of case I can not allocate the RB
fairly. Nevertheless, the fairness factors are above 90%
for the three cases.

V. CONCLUSION

In this paper, for the Macro/Femto/D2D HetNet with
the complicated three-tier interference, we investigated the
effects of scheduling schemes and multiple D2D pairs on
link reliability, system throughput and fairness. We proposed
the NADD RR scheme to help D2D pairs in turn select
appropriate RBs with the corresponding transmission power to
improve the system throughput and link reliability of all users.
Three cases are compared with the conventional Macro/Femto
systems without D2D in the simulation. With the simulation
results, we showed that our proposed NADD RR scheme can
improve the system throughput, and achieve the good link
reliability as well as the fairness.
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