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Abstract

This paper considers device-to-device (D2D) together with single input single output and
multiple input single output models in transmitting of nearby devices under help of wire-
less power transfer. To support more harvested energy, two modes are studied in which
multiple-antenna/single antenna power beacons are proposed to robust D2D transmission
network. Especially, enhanced successful communication is explored with short distance
transmission. Accordingly, the alternative energy source can be used to maintain small
devices which can operate at close position efficiently. In this paper, a model of radio fre-
quency-assisted wireless energy transfer for D2D system with two realistic transmission
schemes will be investigated, namely pure D2D and D2D with interference impact of con-
ventional user equipment. As an important result, we derive analytical expressions for out-
age probability to achieve performance evaluation. This paper will analyze outage prob-
ability by matching Monte-Carlo and analytical simulations to corroborate the exactness of
derived expressions.

Keywords Energy beamforming - Multiple input single output - D2D networks - Outage
probability

1 Introduction

Because of the increasing speed of Internet of things and smart devices, investigating
more energy and spectral effective energy consuming wireless technique becomes more
important. Wireless Power Transfer (WPT) has a potential capability in energy trans-
fer and becomes efficient in wireless devices which require less energy consuming, and
hence makes it a promising research trend for green communications. Moreover, the lead-
ing advancement of energy harvesting protocols in wireless charging technology provide
trusted evaluations for their applications in the near future [1-7]. In principle, it is obvious
that RF signals can help in WPT [2, 3] to transmit energy to low power consuming devices
for charging.
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To extract the information and power from the same signal, WPT is proposed to adopt
the power beacons (PBs) approach [4]. Considering on low cost PBs, backhaul links are
not required. Such PBs are installed to deliver dedicated power transfer in wireless relaying
and D2D networks. In wirelessly charge devices like smartphones in a home environment,
a PB was designed by the Cota Tile and was showcased at the 2017 Consumer Electron-
ics Show [5]. There are two crucial challenges in the deployment of PBs to wider net-
works. The first difficuty is the absence of tractable prototypes for analysis and design of
such networks. Though computer simulations can be recycled in these concerns, exhaustive
simulation of every possible situation of interest will be tremendously time-consuming and
onerous. Hereafter, it need be explored tractable models for PB-assisted communications
in wireless networks. The second challenge is the use of practical prototypes for WPT,
which capture realistic aspects of WPT. For instance, WPT receivers (RXs) can only har-
vest power in case of the incident received power is enough high and it is greater than the
power circuit activation threshold (typically approximate — 20 dBm [6]).

Besides that, a lot of attention has been paid to a promising area which is the simultane-
ously-carried possibility of both energy and information during transmission [2, 3]. Model
of a perfect receiver—simultaneous wireless information and power transfer (SWIPT) can
figure out the information and collect energy from the alike signal as described in [7]. In
order to solve the problem of maximizing security speed in the SWIPT, the transmit beam-
forming without artificial noise and transmit beamforming with artificial noise have been
investigated in [8]. However, because of the limited hardware, this supposition can not
be used in actual environment [9]. To reduce this difficulty, many works presented Time
switching (TS) and Power splitting (PS) as two different receivers in a MIMO system [10].

In other line of energy harvesting technique, most of the current studies in the RF-EH
model concentrated on using RF signal transferred from the base station (BS). Neverthe-
less, in fact, the RF-EH capability is reduced partially as a result of the overall loss between
base station (BS) and EH users. By introducing the Power beacon (PB) for wireless energy
transfer, the authors in [11, 12] can adopt a effective power supply for RF-EH. Therefore,
the relaying network can be considered as a solution to increase the coverage and opera-
tion time of RF-EH. Nevertheless, in such models, because the PB and BS are at the same
cell, the Information-Decoding (ID) users near the PB can be prevented by the information
transmitting of PB. The recent work presented derived exact expressions and asymptotic
closed-form expressions of the secrecy outage probability by adopting the time-switching
protocol at PB with regard to two transmission schemes under condition of the outdated
channel state information (CSI) [11]. The other advantage of PB-assisted energy harvesting
in which PB is attached with a lot of antennas. Therefore, when using the transmit beam-
forming with PB, the transmisison efficiency during transmission in realying model can be
improved in case of multiple input multiple output (MIMO) or multiple input single out-
put (MISO) systems is deployed with RF-EH. The interesting investigation in [12] shown
two single antenna energy constraint devices can harvest energy from PB equipped multi-
antenna and then transmit to each other with the helping relay. In addition, the authors in
[13] have also applied the PB in the EH heterogeneous network to increase the efficiency of
RF-EH and achieved a near-optimal rate energy region by maximizing the weighted sum of
harvested energy and information rate. However, how to transmit the energy beamforming
to remain optimal performance is still an open problem because the optimization problem
has not been widely discovered.

Despite of considerable success achieved in the studies of SWIPT [14-20], these works
also bring some undeniable drawbacks. The first downside is that the situations in which
energy can be scavenged either from natural sources or RF signals by EH nodes are the
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major scopes of all these studies. Hence, the scenarios when energy from natural sources
while others from RF signals can be harvested by several EH nodes are worth consider-
ing. Furthermore, it is proved that relay transmission may be less efficient compared to
direct transmission, which there have been no studies on such situation previously, e.g, in
[15]. Nonetheless, in practice, the efficient use of direct transmission or relay transmission
should be considered, ie. in device-to-device (D2D) transmission. The next disadvantage is
that the power splitting ratio is sometimes a constant value, e.g., in [15] it is allowed to take
any value in the interval [0,1], but this parameter may take only discrete levels practically
and should be optimized dynamically to maximize system performance [19, 20]. However,
because of the random scavenged energy and there are some causes which negative affect
it like weather, channel conditions, utilizing the amount of harvested energy effectively is
essential to deal with some unpredictable events to lengthen network lifetime. Few works
focused on optimal energy harvesting, for example in terms of energy causality and battery
storage constraints, jointly design power control and transfer are proposed to maximize the
sum rate over finite time duration [20].

In recent years, D2D network has attracted a lot of attention. It is considered as one
of the modern technologies applied in 5th generation mobile networks for the purpose of
improving spectral, energy efficiency and extend cellular coverage [21]. On the other hand,
D2D devices are forced with energy, using RF wireless energy transmit can contribute to
extend the endurance of D2D devices and broaden the scale of D2D network [22]. The
D2D transmissions were initially mentioned in [23]. Presume that D2D transmitters have
enough energy, in [24] the best power transfer of D2D transmitters was researched and
inspected the [25] energy collecting in D2D communications by surround RF intervention
from cellular users (CUs) and base stations (BS). However, the energy collected in [25]
may not strong enough for D2D conversions because of the spacing problem, the transmit
power of the CUs is insufficient and the signal power from the BSs is not strong enough.

In addition, D2D permits traffic offloading between devices with several advantages
such as increases capacity, consumption of spectral resources, and depressing delay [26].
However, to consider impacts of interference in D2D network, transmit power constraints
are strict forced on each device of D2D, which will affect on the quality and the through-
put of the D2D network. In principle, after performing energy harvesting D2D nodes can
spend the harvest to power their transmissions. However, the significant challenges are
raised such as uncertainty energy harvesting and interference from other devices using co-
channel. However, radio energy-gathering technique using radio frequency (RF) has been
investigated in recent works [26, 27], which allows D2D nodes to improve their power con-
sumption against to energy shortage [28-31]. Although the current achievement regard-
ing harvesting circuit has limited capabilities, D2D devices just need low power with
some applications in IoT field The traditional cellular users must limit their interference to
decreasing impacts on performance of the main links in D2D. However, energy harvesting
may be sufficient to information processing.

These recent works and interesting results in [32, 33] motivate us to find system per-
formance of D2D with/without impacts of the nearby conventional user equipment (CUE)
and how harvested energy amount from the PB affect on system performance. In this paper,
there are difference concerns from the system model in [34] which has adopted the sto-
chastic geometry while in the study wireless energy transfer is exploitted to support D2D
communication,. In particular, we consider a PB-assisted wireless network under impact
of interference of traditional cellular users in which the first device adopts the harvest-
then-transmit protocol, i.e., they harvest energy from the aggregate RF signal transmitted
by PBs and then use the harvested energy to transmit the information to the far device. It
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is worth noting that this work can be referred as an extended version of [35]. In particular,
our work has also considered both the SISO and the MISO case, and make the performance
comparisons between them. Furthermore, we develop a tractable analytical framework to
investigate the outage probability. In the proposed framework, the outage probability is
efficiently and accurately computed by numerical inversion using the closed-form expres-
sion. The novel contributions of this paper are shortened as follows:

— We adopt a realistic model of wirelessly powered by taking into consideration (i) the
power splitting based relay is applied; (ii) power beacon with single antenna/multiple
antennas for strong power transfer to satisfy required devices.

— For tractable analysis of the system performance, we intend to find exact outage prob-
ability to compare performance of four considered schemes, namely SISO/MISO pure
D2D (SISO PDD vs. MISO PDD), SISO/MISO D2D with interference from conven-
tional user (SISO CDD vs. MISO CDD).

— We investigate impacts of several parameters on outage performance of such schemes
in D2D networks.

— Next, Monte Carlo simulations are presented the outage performance to corroborate
our analysis and the impact of some significant parameters on proposed protocol in PB
assisted networks are investigated.

The rest of the article is structured as follows: System model and related assumptions are
designated in Sect. 2. Next, the outage probability analysis of power beacon (PB) assisted
D2D system with two considered cases related to impact of interference from the CUE are
presented. Simulation results are performed in Sect. 4. Section 5 concludes with important
remarks for the paper.

Notation Bold face vector x is matrix, E(.) stands for expectation operation. f,(.) and
F,(.) represent the probability distribution function (PDF) and the cumulative distribution
Sfunction of random variables (RVs), Z, respectively. Pr (.) is the outage probability function.

2 System Model

The system model is described in Fig. 1, where the source D, connects with the destina-
tion D,. We assume power splitting protocol for wireless power transfer to the self-power
device because of its simplicity. Besides, it is also assumed that in MISO scheme only the
BS equipped a lot of antennas while the near device and far device use only one antenna
for reception, and all CSI are available at PB, which can be got by estimating the channel
information. While one antenna is equipped at the PB in SISO circumstance. In case of
device with energy shortage, to prolong lifetime of D2D transmission link, such device
require the outside energy charging through wireless power transfer from a multi-antenna/
single antenna PB. In particular, we provide a single antenna design for both D, and D,,
whereas N is positive integer number (N > 1) antennas are equipped in the PB.

The data transmissions in the system is done into two phases. In first phase, D, will col-
lects energy from the energy-bearing signal which is sent from the PB, then D, will use
harvested energy to send its own information to D,. We call P is transmit power at the PB.
We consider power splitting relaying protocol, i.e. during the first phase of duration €P,
where 0 < € < 1stands for power percentage for energy transfer, D, (i.e. energy harvesting-
assisted device) collects energy from the PB and using such energy for direct communicate
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Fig.1 System model for MISO D2D network

with D, which is also energy harvesting-aided device in MISO PDD or not in remaining
schemes. In such model, the energy transfer occurs in dual hop from the PB to D,. In this
paper, we determine the system performance for direct communication where D, transfers
information to D, and the study was conducted in two cases with the impact of interference
and without impact of interference from the CUE.

The novel model of this work can be further described briefly as follows. In D2D net-
works, there are two basic system models. In the first case, two devices can communicated
directly without help of the base station. In the second case, the base station operate as
relay for forwarding signal from the device to the other device. In this paper, we examine
the first mode to evaluation impacts of wireless power transfer. In next section, we consider
two modes, namely pure D2D (PDD) and D2D with interference from CUE (CDD).

2.1 MISO PDD Mode

In this mode, we explore D2D transmission without impact of CUE. For the pure D2D
case, during initial phase, i.e., the energy collecting phase, the harvested power at D, can
be obtained via the channel h with supporting of transmit signal x,. We denote X, is an
N x 1 signal vector. Besides, we also denote h is the Nakagami-m fading channel coef-
ficients of the link BS — D,. Hence, the elements of h = [hl-] ,i=1,...,N, are considered
to be independent and identically distributed (i.i.d.) with consistently allocated phase and
the intensity, the random variable x = [hl] and x ~ Nakagami(m, 2) with the probability
density function (PDF) as follow

m m
fl;m, Q) = %(g) me—1€<75)xz, x>0, (D)
in which I'(-) indicates the Gamma function, m = @, Q=F [xz] and we set 2 = 1.

var[x2]
Since many antennas are used, the energy transfer signal from PB to D, is shown as
follows

X, = WS,, 2)
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where w is the beamforming vector with Iw]> =1 and s, is the signal that contains the
power energy that needs to be transmitted.

Because PB is equipped with multiple antennas, PB can use either beamforming or ran-
domly select antennas for signal transmission. Under the transmit beamforming, before
transmitting as in (2) above, the transmitter will multiply the information signal with the
optimal beamforming vector which is given by

hH
W= 3)
[Ih]|

where the superscript “H” denotes the Hermitian transpose.
Therefore, the energy received in the initial phase can be considered as follows [3]

E, = ne||h|[*PT/2, @)
where 0 < 5 < 1is the energy conversion efficiency and T is block time. Then, the transmit
power at D, can be expressed by

PP = nel[h||*P. ®)

In the second phase, thanks to the energy collected during the initial phase, D, will use this
energy to transmit the signal to D,. Thus, the received signal at D, is shown as follows

VS0 =\ JPISOg(\asyy + AT = @sig ) + i, (©)

in which, g ~ CN/ (O, /lg) denotes the Rayleigh fading channel coefficient of the link
D, — D,, s, is the signal that contains the data information while sy, serves as energy
bearing signal to D,, and n D, ~ CMN (0, NO), is the additive white Gaussian noise (AWGN).
It is noted that power splitting factor for the first hop is € while power splitting factor for
the second hop is a.

Hence, the end-to-end signal to noise ratio (SNR) for can be calculated as

Juso ____ neallhllgl*P
PP pe(1 — a)|In)P1g2P + N,

(N

2.2 MISO CDD Mode

In such mode, we determine D2D transmission with impact of CUE. In such model, to sat-
isfying high quality for the system performance, the D, device does not transmit energy to
other device. In the existing work, we study the assumption that each D2D link with impact
of at least one nearby CUE. In the existence of CUE, the received signal during first phase
is given as

yll‘fl’so = \/Phx, + \/Pg,s. + np, (8)

where P; is the transmit power of the interferer (i.e. CUE), g, is the interference channel
coefficient, s, is the transmit signal of the CUE. It can be calculated the transmit power at
D, after processing energy harvesting at the first phase as follows

P, = nel|h||’P + & ~ nel[h||*P, ©)
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where 6 denotes as energy collected from the CUE. Unfortunately, amount of such energy
is very small compared with the power from the PB. Hence, in this model we eliminate
impact of energy harvesting from the CUE. In the second phase, D, transmits the signal to
D,, the received signal at D, is given by

ygzlso = \/@gﬁsm + VP8es. +np,. (10

As a result, the end-to-end signal to interference plus noise ratio (SINR) can be calculated

2 2P 2 Noyni2 2
nelPallbl’ & nelgla G InIP

MISO __
y] - P |g |2 - Ny 2 : (11)
14 L= P, + |g0|

0

2.3 PDD and CDD Modes in SISO Case

In this scenario, the PB is only equipped by single antenna. Compared with MISO power

transfer, less power can be furnished to the first device D; in D2D network. We denote

h~CN(0,4,), g ~CN(0,4,) and g, ~ CN(0, ) are the Rayleigh fading channel coeffi-

cients of the link PB — D, D; — D, and CUE — D,, respectively, in which 4,, 4, and 4,

are the channel average powers. Note that the PDF and the CDF of the channel X are
1

Ixx) = Ke_& and Fy(x) = 1 — e %, respectively. In SISO scenario, the transmit power

at D, can be expressed by
PO = nelh|*P. (12)

With no interference from the CUE, to the end-to-end SNR in PDD SISO can be expressed
as

nelhl*1g|’P
e VN (13)
0

With regard to the end-to-end SNR in CDD SISO, it can be computed as

2 2
SISO _ nel|h|*|g|"P

[ : (14)
|gc| P+ NO
3 Outage Performance Analysis
3.1 Outage Performance of MISO D2D Without Impact of CUE
MISO 13
We call P DD 35 the outage probability. Such outage event can be defined as
PYep = PrOyD < v, (15)

where y,, is the target SNR
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Proposition 1 Consider system performance, the outage probability of such D2D link at
the target rate R can be formulated as [33]
Nm

Nm

2m~ i
Pg/tIAIthDD F(Nm_)((l’mh) > Ky (24/m@ 7). (16)
where I'(x) is the Gamma function [ [36], Eq. (8.310)], K,,(.) is the modified Bessel func-
tion of the second kind [ [36], Eq. (8.432)], ¢, = il SV = 2Ro — 1 is the thresh-

old SNR and R, denotes the target rate of source.

90
’T&P(‘Z_Yr/:+a7/r/1)

Proof The system’s outage probability can be described as follows

Potop = Prry™D < va) = Pr(IhIPIg® < @174,)- (17)

In such case, it is required the condition on power splitting factor as a > y,,/ (y,h + 1).
It is worth noting that ||h||2 is a Gamma random variable with PDF given by

Nm
- Nm—1

fo) = F(N )(q)lm) T ™™, for x 2 0. (18)

It is noted that the cumulative distribution function (CDF) of ||h||*|g|? can be achieved by
applying the following expression [33]

F(xlllhl) =1 —¢ . (19)
To this end, averaging over ||h]|%, the absolute CDF of such function can be calculated as
2 Nm
mx 2
Fo=1- (2 ) 20
= Ty 20)

It will be obtained the expected result after simple manipulations is given in Proposition 1.
In the asymptotically large number of antennas regime, i.e., N — oo, it can be the
approximate expression of outage probability as below.

Remark 1 In case the number of antennas is very large, i.e., N — oo, it can be approximate
that ||h|| & N

Therefore, the system’s outage probability in (17) can be computed in simple formula
as

pMISO ~Pr<|g|2 < 2n)

out,PDD N

1 ( wlm) @)
=1 —eXp —T .

3.2 Outage Performance of MISO D2D Under Impact of CUE

In the case of there is an interference affect D, due to the presence of a CUE which is
transmitting information at a location close to D,, the outage probability of system is
calculated as Proposition 2.
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2
Proposition 2 We first denote y;v”SO = |'f;—'q,¥’2llhllzl§,¥’l = % and ¥, = nsa%, the
8| t71 0 1 i

system’s outage probability can be expressed as

e_l{ll (Yth()/('{'2NP))

PM]SO _ .
1+ 7,No/ (¥2NP)

out,CDD = (22)

Proof See in “Appendix” O

As important result, the Proposition 2 provides an accurate expression for the outage per-
formance of the system, which may be applicable computed in practical design of D2D where
require more energy from the PB for D2D transmission.

For delay limited transmission, the source transmits at a constant rate R,, which may be
subjected to outage due to fading. Hence, the average throughput can be evaluated as

leltjxuso _ (1 _ pMIso ) R, 23)

out,y

where y = {PDD, CDD}, denoted as outage probability corresponding with two consid-
ered schemes in (16) and (22).

Remark 2 Note that for the D2D networks with higher number of antenna equipped at PB,
larger amount of harvested energy at the first device, but outage probability of such D2D
becomes worse as observation from derived expression. On the other hand, for the D2D
networks with smaller impact of nearby interference source, there is more noise terms con-
tribute to expression of the obtained SNR, and hence outage performance also decreases.
Therefore, there is a trade-off between the number of antenna at PB or interference levels
and the outage probability. Since the outage probability is a function of the transmission
power of the PB, there exists an optimal value which yields the maximum network through-
put. It seems intractable to derive a closed-form expression for the maximum throughput.

3.3 Outage Performance of SISO D2D

In the previous sections, multiple antennas at the PB has been considered, and in this section,
more sophisticated choices will be used. However, PB with various transmit antennas is costly
deployment. Without loss of generality, we focus on the special case as the BS is assigned
same role as PB. In cellular network, the BS controls signaling link and information process-
ing for group of CUE and extra operation is that transmits power to devices which require
wireless power transfer due to small size and simple signal processing. An important observa-
tion is that such case becomes the benchmark for MISO schemes. From the perspective of the
system performance evaluation, we first derive SNR and corresponding outage performance.

In the SISO case, the PB is only equipped with an antenna and it can be assumed that there
is without impact of the interference which caused by the CUE in PDD mode. Without loss
of generality, it is assumed that P, = P. It is worth noting that amount of harvested energy is
smaller than MISO schemes, and hence D, only transmit information to D,.

Next, we express the instantaneous rates at D, in SISO PDD mode and SISO CDD mode,
respectively as

(24)

1 1 '75|h|2|g|2
SISO SISO L
Ropp = Elog2(1 7PDD) = 510g2<1 )

Ny
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and

! | nelh||glP
W25 = e 1-+725) = w1+ 22 ), 2
|g.|"P+ N,

The outage performance in PDD mode for SISO circumstance can be expressed by

nelh|*|g|*P
P,y = pr { LB <y, L 2
0

So, the outage probability in PDD mode for SISO case that can be obtained from (26) as
follows

Noy,
PSSO =1 —Pr <|h|2 > M)
out,PDD 11£P|g|2

= 1 /1 /lx
J— px yd,
j / ¢ *
0

where A = The outage probability in SISO case can be obtained by applying [
[36], Eq. (3.324.1)] and it can be expressed as

SISO _ A A
Pout PDD — =1-2 ﬁhﬂ Kl 2 ihﬂg . (28)

We denote K| (.) as the modified Bessel function of the second kind with first order.

€2))

N No¥in Yxh

Proposition 3 The closed-form expression of CDD mode in SISO case can be formulated

as
B B 1 v/ ¢
psi%9 —/2 —K( 2 —e " dy,
out,CDD — Py 1 Iniy Ace 'y (29)
0
_ YP+N,
where B = r,gPOyth.
Proof See in “Appendix” O

4 Numerical and Simulation Results

Simulations are accomplished for system performance evaluation in MATLAB to obtain
role of parameters which have an effect on D2D networks in analytical and simulation
results. In this part, the results of Monte Carlo imitation are introduced to confirm the ana-
lytical expressions from the previous sections. The important data that support the simula-
tion is shown in each illustration. Except for some special cases, the simulation param-
eters set as: Ry = 3(BPCU) so the target SNR is y,;, = 2% — 1 = 7. The energy conversion

@ Springer



Power Beacon-Based Wireless Power Transfer in MISO/SISO: An...

N =25, 15,

Outage Probability

102 F
103 F
o PMI 15)% p - Simulation (16)
— PMIZ9 - Analytical (16)
10_4 1 1 1 1 1
0 5 10 15 20 25 30 35 40

Transmit SNR p (dB)

Fig.2 System model for MISO D2D network

efficiency is set to be # = 0.4, power splitting factor in D2D link is @ = 0.9 and p = P/N, is
denoted as transmit SNR, while the Nakagami-m parameter is set to be m = 4, which cor-
relates to a Rician factor of K = 3 + \/E For simplicity, the distances between the PB and
D,, D, and D, are set to be unit.

The outage probability of D2D link that without interference from the CUE is shown in
Fig. 2, when the PB uses a beamforming transmission strategy for transmitting information
to the near device which use energy harvesting capability for D2D link transmission. It can
be observed that the more antenna equipped at the PB outperforms the case which uses
lower number of antenna in high SNR regime. Such performance gap related to the number
of antenna can be seen clearly at high SNR value. In the case of SNR is low, energy for sig-
nal processing can not lead to large impacts on outage performance while more energy for
better signal communication between two D2D users.

Figure 3 demonstrates the outage performance as varying power percentage of energy
harvesting from the PB where can be enhanced quality of short distance transmission of
D2D. It is noted that in this case we do not consider impact of the CUE’s interference sig-
nal. As clear observation, it can be easily noticed that adding more energy to the PB can
considerably enhance the achievable outage performance. Nonetheless, when the transmit
power is low, the advantage of putting more antennas rapidly declines. This problem is
quite normal, because growing the number of antennas can increase energy of beamform-
ing, thus, the value of the collected energy is also enhanced, resulting in reduced the sys-
tem’s outage. Moreover, it is obvious that the analytical result maintains efficiently tight
with Monte-Carlo simulation in various parameter of energy harvesting and the number of
antenna.

In other observation with regard to impacts of the target rate, Fig. 4 validates the out-
age performance as varying the target rates where can be affected quality of transmission
in D2D link. It is noted that in this case the higher requirement of the target rate must be
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Fig.3 The outage performance in PDD mode as varying harvested power percentage
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Fig.4 The outage performance with different target rates in CDD mode

need higher harvested power and decrease outage performance. In practical design, one can
clarify the number of outside interfere sources to evaluate system performance to satisfy
requirement of such D2D network.
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Fig.5 The comparison study on the outage performance

Now Fig. 5 in this paper shows the outage probability results for the two cases related
impact of the CUE on D2D link. Figure 5 demonstrates the outage probability compari-
son of the such D2D links, so-called MISO PDD and MISO CDD. It can be seen clearly
that the CUE contributes to decreasing outage performance of D2D transmission although
obtaining more energy beamforming from the PB.

As can be seen from Figs. 6 and 7 in this paper, the throughput results in delay-lim-
ited mode corresponding given outage probability for the two cases related existence of
the CUE. It can be confirmed clearly that the more antennas equipped at the PB leads to
improved throughput performance of D2D transmission. The reason is that throughput
depends on the obtained outage performance in previous results.

The outage performance difference as varying the target rates in proposed SISO
scheme is also illustrated in Figs. 8 and 9. The channel setup related to SISO PDD mode
is 4, = A, = 1 with regardless of distance of nodes in D2D and 4. = 0.03 for SISO CDD
case. It can be further investigated as put more parameters regarding distance in derived
expression. However, it is minor variation in our result and we omit it here. When smallest
target rate is required, the system outage scheme outperforms the remaining schemes, and
this observation is consistent with MISO cases which shows that the reasonable selection
of threshold SNR corresponding the target rates in these schemes achieves the minimal
outage probability. When the CUE has be considered in achieved SNR, the lower SNR
can be obtained and hence the corresponding outage performance will be worse than that
in PDD mode. Furthermore, Figs. 8 and 9 also demonstrates that the users’ targeted rates
significantly affect the performance gap at high SNR regime. Particularly, as the difference
target rates, the outage performance gap among outages enlarges accordingly. In addition,
computer simulations also confirm the accuracy of the analytical results developed in pre-
vious propositions compared with Monte-Carlo simulation results.
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Fig. 10 Comparison on outage probability of 4 modes

From the above analysis results we observe in Fig. 10 that SISO CDD scenario can be
regarded as a worst case of D2D considered in this paper. For the purposes of comparison,
coefficients related MISO PB are N = 10,7 = 0.4, = 0.9, target rate R, = 1(BPCU) for
all schemes. The interference related SISO CDD mode is 4, = 0.03 due to such param-
eter contribute lower outage remarkably. The more antennas at the PB outperforms than
the other cases due to more power used for information processing. In particular, one can
observe that the outage performance of MISO PDD scenario is superior to the second sce-
nario. This is due to the fact that non existence interference from CUE and strong harvested
power at D, for transmit signal to D, in D2D transmission.

5 Conclusion

In this paper, two main schemes including single antenna and multi-antenna PB design that
act as energy transmission station supporting D2D communication and its performance
has been investigated. The outage probability of system is evaluated in two cases of D2D
link under with/without impact of the interference from CUE. The results of the study are
verified by simulation and it shows that the proposed PB regime obtained the reasonable
performance to applied in wireless D2D network. In future, the proposed scheme will be
extended to multiple antenna D2D users where can be able to signal transfer and harvest
energy beamforming from the PB. We also can further investigate the other system perfor-
mance such as the throughput of the concerned MISO D2D approach.
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Appendix

Proof of Proposition 2 We denote two new variables A = | ||g ’ _ and B = ||h|| —. It can
8
be shown the SINR as below

v =Y,AB (A.1)

We first examine the outage probability as following expression

F,(x) —Pr(—lg|2 <x> (A2)
A = = .
|gc|2 + qll

It can be shown the outage probability as [36]

Fu| gy = 1-emeled™ (A3)

Such expression can be re-calculated as

F,0)=1- e‘”’l"/e‘(”")ydy (A4)
0

And then we obtain new expression as

—?’lx

Fu)=1-

1+x (A-)

We only examine the special case of the PB where is equipped with large number of
antenna which result in simple following result

e_l{jl (Vthl)/(lezNP))

F)y=1—- ———
1+ 7,N,/ (¥,NP)

(A.6)

As a result, to clear evaluate outage performance, we can be obtain the closed-form expres-
sion as

PMISO _ 1 l‘le (Y;hNo/EVP))

ou = A7
t,CDD 1+ }'thNO/('{/ZNP) ( )

This is end of proof. |

Proof of Proposition 3 Having a look on the outage probability in CDD SISO mode, it can
be given by
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2
|g.|"P+ N,
Piﬁ%DD =Pr< |n°|g|* < CﬂTyfh (B.1)

We first define new variables as x = ||?|g|?,y = |gc|2
ability can be computed as

, conditioned on y, the outage prob-

P +N,
SISO _ Y 0
Poucop = Pr {x < neP Vth} (B.2)

Utilizing the popular result in [1, 3], the CDF of x can be shown as

X
FX)=1-2,/—K;|2
(X I, 1 (B.3)
To this end, averaging over y, the desired result can be obtained as in Proposition 3.
This completes the proof. O
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