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Abstract: Device-to-device (D2D) communication is considered the most promising technology for 5G
networks which enables high speed communication in low latency time. D2D communications allows
direct links without using central base stations (BSs). Millimeter wave (mmWave) technology is
characterized by short distance directive propagation, and more available spectrum for communication.
Integrating D2D communication with mmWave technology significantly enhances the system
performance and reaches the demand for high capacity. In mmWave D2D communications 5G
underlay networks, multiple cellular users (CUs) and D2D users co-exist. Since D2D pairs can utilize
the spectrum assigned to CUs, efficient resource allocation algorithms are required. In this paper, a
resource allocation problem in mmWave D2D communications 5G underlay network is investigated. A
new resource allocation scheme that allows D2D pairs to share resource blocks (RBs) with cellular
users is proposed. The proposed scheme prevents congestion on over a few resource blocks while the
rest of resource blocks remain vacant through identifying a set of recommended resource blocks for
each D2D pairs. The proposed scheme reduces interference by excluding interferer D2D pairs from
resource blocks sharing process for each D2D pairs. The proposed scheme maximizes the spectral
efficiency while satisfying minimum QoS requirements. The simulation results show the superiority of
the proposed scheme in terms of spectral efficiency and outage capacity.

Keywords: D2D communications, mmWave communications, resource allocation, 5G.

1. Introduction The mmWave is considered as the promising
candidate for implementing 5G technology
networks to improve the energy efficiency and
usage of spectrum. The mmWave network
exhibits higher bandwidth in range of 1 GHz
and large gigabit data rate due to its small
wavelength signals [1-3].

With the increase in the number of devices
connected to multimedia networks, the flow of
mobile data traffic and the capacity required
for mobile communications increase and
becomes a major challenge to meet the large
bandwidth requirements. Many studies have
been conducted to exploit new spectrum
bands, including millimeter wave (mmWave),
to compensate the scarcity of operational radio
frequency resources.

The deploying of D2D communications
enables direct communication between
proximity user devices without resorting to the
central controller Base Stations (BSs),
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compared with cellular communication. The
proximity of D2D users enables reduction of
communication latency time, which can
achieve lower energy consumption and
enhance spectrum efficiency with higher
throughput [4-7].

D2D communication technology can also act
as relays for edge users who may face weak
signal reception to enhance their coverage and
throughput [8, 9]. The combination of D2D
communication and mmWave has some major
merits such as realizing higher system
capacity, implementing high bandwidth
intensive applications, and achieving higher
energy efficiency. In practical situations, the
battery is limited, so the energy conservation
should be considered in D2D networks design
[10].

The mmWave communication in indoor
network is more vulnerable to lose a lot of
signal strength because of signal blockage by
interception from buildings, trees, and walls.
This shortcoming is considered one of the
most important challenges for successful D2D
communication in mmWave transmission
band. The biggest challenge facing D2D
communication networks lies in the complex
interference with the cellular networks, since
the D2D users need to share the same
resources with cellular users in uplink
spectrum [11].

The D2D communications serves as the
underlay for cellular networks, and by reusing
the same resources as the cellular users; the
level of interference can be further amplified.
Resource allocation can counter this problem
and mitigate the effect of interferences [12,
13]. Therefore, to reap the benefits of D2D
communication, it is required to have effective
techniques for resource allocation to facilitate
proper operation of cellular users along with
D2D communication networks.

The resource allocation elements include
power allocation, mode selection, relay
control, delay control, interference control
algorithms, and spectrum allocation. Most of
these elements are developed to achieve higher
throughput, maximum capacity rate, higher
spectrum efficiency, lower energy
consumption, and optimum quality of service
(QoS) for both D2D user pairs and cellular
users [14].

In this paper, a new resource allocation scheme
for mmWave D2D communications in
mmWave underlay 5G networks is proposed.

179

The proposed scheme allows D2D pairs to
share resources with cellular users. The
proposed  scheme  maximizes  spectral
efficiency while taking QoS requirements into
consideration. The simulation results show the
superiority of the proposed scheme in terms of
spectral efficiency and outage probability.

This paper is organized as follows: Section
two discusses the related work. The proposed
system model is presented in section three.
Section four discusses the problem description
and formulation. The detailed design of the
proposed QoS aware resource allocation
scheme is presented in section five. Section six
presents simulation experiments results and
discussion. Finally, the paper conclusion is
presented in section seven.

2. Related Work

Recently,considerable ~ works have been
focused on different aspects of D2D
communications. An optimization problem of
D2D communication spectrum  resource
allocation is formulated in [15] among micro-
wave and mm-wave bands in Heterogeneous
cellular  networks (HCNs), considering
complex intra- and inter-cell interferences. The
authors in [15] propose a heuristic algorithm to
maximize the system transmission rate and
minimize the interference using the advantages
of mmwave and cellular networks. The uplink
resource allocation problem is investigated for
D2D communications.

The work in [16] visualizes combined resource
allocation and beamforming design for multi-
user mmWave mobile edge computing (MEC)
systems. The maximum system delay is
minimized by optimizing the analog and
digital beamforming matrices at the users and
base station, while considering resource
allocation and task offloading ratios
computation at the MEC server. The
optimization problem is introduced as
nonconvex and solved by the penalty dual
decomposition technique.

The authors in [17] derive power allocation
and optimal link selection scheme for backhaul
and mmWave Pico cellular networks,
considering the effect of interference. They use
two nested simulated-annealing algorithms to
address the transmitter selection and power
allocation problems. Their proposed model can
support beamforming and MIMO schemes at
physical layer.
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A framework is proposed in [18] to optimize
the resource allocation in mmWave-NOMA
communication  for  crowded  venues
considering the effect of blockage caused by
obstacles. The network sum rate is maximized
by formulating the resource allocation as
mixed-integer non-linear programming
problem. The quality-of-service constraints is
guaranteed for the system by solving non-
convex power allocation optimization problem
using the difference of programming convex
approach.

In [19], an optimal resource allocation problem
for downlink coverage from mmWave
transmitter on an unmanned aerial vehicle
(UAV) is investigated. The circular user space
is divided into multiple sectors considering
directional beam produced by the antenna
array. The signal-to interference-plus-noise
ratio expression is derived according to
concurrent transmissions in different sectors.
The resource allocation problem is optimized
as a mixed-integer non-convex programming
to maximize the sum rate while ensuring
minimum rate guarantee to each user.

The authors in [20] propose the geometry
programing method of power allocation. After
the power is allocated the authors proposed a
Hungarian algorithm for resource blocks
allocation. In [21], the authors design an
efficient energy mobile-edge computation
offloading algorithm in an ultra-dense Internet
of Things to analyze the tradeoff between
energy consumption and the system execution
delay. The optimal power allocation and
computation offloading are realized using an
iterative algorithm with the successive convex
approximation approach.

In [22], an effective allocation approach using
many-to-one  Gale-Shapley  algorithm s
proposed to solve interference and spectrum
optimization problem caused by D2D users
multiplexed cellular network users in
heterogeneous cellular networks. The total
capacity of D2D wusers is maximized by
matching cellular channel and D2D clusters
based on Kuhn—Munkres algorithm. The
authors in [23] formulate energy-aware scheme
to optimize the energy efficiency and the
achievable sum rate for cellular user while
minimizing the input power constrains and
QoS requirements. They analyze the tradeoff
between outage probability and sum rate at
various QoS levels, considering cellular users’
density, to maximize energy efficiency.
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The solution of battery limited capacity is
offered in [24] by introducing a relay-enabled
mmWave D2D communication to minimize
the transmit power and maximize system
throughput. The authors formulate an
optimization function to achieve minimum
data rate and relay aggregate transmission
power D2D constrains. The authors in [25]
consider a resource allocation to maximize the
efficiency of the outdoor mmWave D2D
underlay network system spectrum, while
distributing the resources fairly inside a cell.
The optimal resource allocation is guaranteed
by formulating sum rate maximization
problem to improve system throughput and
increase the spectrum efficiency.

The resource allocation process is optimized in
[26] by considering an E-band urban area D2D
undelay millimeter-wave network to improve
throughput and spectrum efficiency. The
authors solve the resource allocation
optimization function by introducing a
heuristic algorithm in an outdoor realistic path
loss to reduce interference in a dense network
and offer overall system throughput. The
authors in [27] propose an uplink resource
allocation nonlinear optimization function for
mmWave and microwave band users to
maximize the system sum rate by applying a
coalition formation game.

3. System Model

In this work, a single cell 5G cellular networks
Employing D2D communication is considered,
where the base station (BS) is placed at the
center of the cell. The system includes M
cellular users and D D2D pairs operating in the
same cell. The BS has a set of K resource
blocks (RBs), each of which has an available
bandwidth B. 1In this work an uplink
transmission of a single cell is considered. The
system model is shown in Figure 1.

To reduce interference, it is assumed that D2D
pairs can share the RBs of only one cellular
user, while cellular users can share their RBs
to many D2D pairs as their channel status
allows. Two binary variables &4 and pgq,
are defined such that &,,=1 if D2D pair d
shares RB with cellular user m, and &,,;=0
otherwise, while pgq4,=1 if D2D pair d shares
RB with D2D pair d’ and pg4,=0 otherwise.

The signal received at BS receiver is given by:
Pmkhmemk +

Vg =

Y a=1€ma~ PachagXar + Ny
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The signal received at D2D receiver is given
by:

Ya =+ Pax haa Xar +
2%:1 Emad \/ Pmkhmdxck +
Y8=1 Paa /Pa Rara Xae + Ny (1)

Where:

@— D2D USer™

b

h..g is the channel gain for the link between
cellular user m TX and BS RX, hgp is the
channel gain for the link between D2D TX and
BS RX, h;,q4 is the channel gain for the link
between cellular user m TX and D2D RX,
hgq is the channel gain for the link between
devices in D2D pair, hg,q is the channel gain
between one D2D pair TX and another D2D
pair RX, Py, and P, are the transmit power
of D2D pairs d, and cellular user m
respectively, considering the RB %, and N, is
the AWGN noise in the channel.

Cellular User

Figure 1 System model [25]

Bands in the millimeter wave are typically ranged from 28, 38, 60, 71-76, and 81-86 GHz respectively
[20]. In this work, the mmWave band is assumed 28 GHz. The path loss (PL) model has two
components, the Line of sight (LOS), and the non-line of sight (NLOS) components. Each of them is
associated with the corresponding shadowing. The PL is calculated as :

PL =PLLOS+PLNLOS
PL, =&+ 10vlogd +x

where

z is LOS, or NLOS
X is ~N(0,07)

¢ is the PL coefficient, v is its exponent, and y is its corresponding lognormal shadowing with a mean

of zero, and a variance of cr;.
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Two probabilities p; , and p, are added to the lognormal path-loss and shadowing model. It is
considered that D2D receives more LOS signals given their proximity. The D2D link PL is calculated
as in [28]:
PL =p,PLos + (1 — p1)PLypos
For the other links, (BS-D2D), (D2D-CU) or (CU-CU) and (CU-BS), the PL is expressed as follows:
PL =pyPLyps + (1 — p2)PLyLos

The signal to interference and noise ratio at D2D pair Rx y,4, and the signals to interference and noise
ratio corresponding to CU ¥, are given by

v Pak haaq xax

Y= €md | PmkhmaXee + Xi=1 Paa /Park hara Xae + Ny,

Ya

— \/Pmk hmB Xmk
Y 0-1&ma PaxchapXax + Ny

Ym

It is assumed that there exist predefined threshold values for the signal to interference and noise ratios
at D2D pair Rx yg4; , and corresponding to CU y,,,; such that yg4, and y,, must satisfy:

Ya > Yatn
Ym > Ymth

The minimum accepted rate for CU, and D2D pairs are given by [28]:

—-1.
R min = B log(1+ (m thh>)

-1.5
Ramin = B log(1 + (m thh))

4. Problem description and formulation:

The data rates for cellular user m R, , and data rate of D2D d R, are given by
-1.5

R, = Blog(1 (— )

m og(1+ Im(SBER) '™ )

-1.5
Ry =Blog(1+ (—m(s; ” yd))

Ry is the total achieved rate and is given by:

M D
Rr=() Ru+ ) Re)
m=1 d=1
The spectral efficiency is defined as

u="=x

The optimization problem is described by
max(U)
&

subjected to

Ya > Yatn

Ym > Ymtn
Pd < Pdmax
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Pm < Pmmax

Ym=1&ma =1 vd

5. Proposed QoS aware resource allocation
scheme
The proposed scheme is a two steps algorithm:

5.1 Step 1: Power allocation

To maximize the sum rate of both the D2D and
cellular users, the allocation of power to D2D
devices is achieved using iterative water-filling
method [29].

5.2 Step 2: Resource allocation:

Before allocation of resource blocks, the
proposed scheme identifies for each D2D pairs
two important sets. These two sets are the set
of interferers D2D pairs for each resource
block k , Qg and the set of recommended
resource blocks RBs to share with cellular
users, W, . these sets are identifying as follow:

e identify the set of interferers of each
D2D pairs for each resource block k ,
Qap

For each D2D pairs identify
the set of interferers on
subcarriers k Qg , given the
predefined interference
threshold 1y,

Qu={j €D, j# dIijhjd > Nen}

To eliminate interference resulting from more
than D2D pairs using the same resource block

k, interfering D2D pairs are not allowed to
share the same RB
For each D2D pairs d

if d, € Qdk set Pdadr =

e identify the set of recommended RBs
to share with cellular users for each
D2D pairs, ¥, :

In this step, since all users are expected to
achieve a certain minimum of data rate, given
by Rmin, the proposed scheme identify the set
of recommended resource blocks the cellular
user shares with D2D pairs, while maintaining
the minimum rate constrains for both cellular
user and D2D pairs. The set W, is the set of
resource blocks. The minimum rate is
maintained for cellular users, and D2D pairs if

(RdK - Rd_min) > 0 and (Rmk -
Rmmin ) >0

The proposed scheme allocates RBs to D2D
pairs to share with cellular users such that the
system spectral efficiency is maximized. Since
maximizing system total sum rate directly
maximize system spectral efficiency, the
proposed scheme allocates resource block k*
for D2D pairs d, such that:

k* = argmax(Rry)
k

,k*El‘pd

Algorithm 1 proposed scheme

Step 1: power allocation

Step 2: Resource allocation:

i)Avoid sharing of RBs with interferers D2D pairs
for each D2D pairs within the cell coverage area

define the set of interfering D2D pairs gy, for each RBk, 1 < k <K

vd =12..,D;d #d

ifd € Qu

then pyqr = 0

end if
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end for
ii) based on QoS requirements, identify (; ,the set of recommended RBs to share with
CUs for each D2D pairs
Ford=1toD
FORKk=1TOK
If (Rmi = R _min) and (Rag — Ra_min) > 0
Kis added to Q
End if
End for
End for
iii) Given the set of recommended RBs, select RB k™ that maximizes system total sum rates
Select RB k* € Q4 such that Ry, is maximized

k* = argmax (Rg,) ,k'e Q4
k

6. Simulation Results and discussions

In this section, the performance of the proposed scheme is assessed in terms of spectral efficiency U,
and outage probability P, . where Pyis the probability of SINR falls below the predefined SINR
threshold. The outage probability is expressed as Py = prob{yq < ¥}

A simulation is implemented through MATLAB R2015b to evaluate the efficiency of the proposed
scheme. In the simulation, it is assumed that the cellular users and D2D pairs are uniformly distributed
within the coverage area of the cell. The simulation parameters are summarized in table 1.

Table 1 simulation parameters

Parameter Value

Cell radius 500m

fopm 28GHz

B_um 1GHz

BW of resource block 180 kHz

Path loss probability for D2D links p1=0.8

Path loss probability for no D2D links p2=0.2

Path Loss LOS (§,v, 0, ) (61.4,2,5.8 dB)
Path Loss N-LOS (§,v, 0, ) (72,2.92,8.7 dB)
Noise power density -174 dBm/Hz
SINR threshold for CU 0dB

SINR threshold for DU 0dB
Maximum device transmit power 23dBm
Interference threshold 7., -7dB
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Figure 4 D2D pairs spectral efficiency for different number of D2D pairs

In Figures 2-4, the spectral efficiency is
studied for different numbers of D2D pairs,
which are trying to share the RBs with cellular
users in the system. It can be deduced from
Figures 2 and 3 that the proposed scheme
improves both system spectral efficiency and
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D2D pairs spectral efficiency for different
number of D2D pairs.

The relative improvement in the spectral
efficiency with increasing number of D2D
pairs in the proposed scheme is a result of the
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constrains which the proposed scheme put on
sharing RBs with interfering D2D pairs. As
shown in Figure 2, the spectral efficiency
improvement continues, even for large number
of D2D pairs. Comparing the gain in spectrum
efficiency with that of [20], the gain in
spectrum efficiency for [20] decreases with the
increase in the number of D2D pairs, which is
realized as the increase in the interference from
neighboring D2D pairs. Whereas, for the
proposed scheme, the gain in spectral

0.4

efficiency exists even with the increasing
number of D2D pairs.

In Figure 4, the effect of sharing D2D pairs the
RBs with Cellular users on the spectrum
efficiency of cellular users is studied. As
shown in Figure 4, the proposed scheme is an
effective solution to reduce the degradation in
cellular users’ spectral efficiency with
increasing the number of D2D pairs. The
degradation in spectral efficiency as the
number of D2D increase from 5 to 40 is only
11%, while it is 22% in [20].
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In Figures 5, and 6, the outage probability is studied. Figure 5 deduces that as the number of D2D pairs
increases, the proposed scheme achieves better outage probability than [20]. With increasing the
number of D2D pairs, the gap in the performance between the proposed scheme and [20] increases.
Form Figure 5, it can be deduced that the proposed scheme is able to keep an acceptable outage
probability level even with high numbers of D2D pairs. Figure 6 shows that the proposed scheme
achieves better outage probability for different values of SINR threshold.
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7. Conclusions

In this paper, resource allocation for D2D
Communication in mmWave 5G Underlay
Network is studied. A new resource allocation
scheme is proposed. The proposed scheme
starts with allocating power, and then
allocating resource blocks. The proposed
scheme maximizes the spectral efficiency
while guaranteeing the minimum QoS
requirements. Simulation results indicate that
the proposed scheme shows performance
improvement in spectral efficiency and outage
probability compared to [20].
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