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Abstract

The general interference is the imperative trouble for simultaneous wireless information and
power transfer (SWIPT) system. Although interference has bad influences on the performance
of the system, it carries energy simultaneously. In this paper, the energy-constrained relay of
the SWIPT system needs to spend much time on energy collecting (EC) in the information
transmission (IT) period. Therefore, we propose the scheme of interference signal energy
collecting (ISEC) when the interference is strong, and the SWIPT system does not carry out
IT. The relay of the system continues to collect energy and stores it until the interference has
minimal impact on IT. Then the system performs IT. We divide the collected interference
energy equally into several parts, and each IT block receives one part. The proposed scheme
is appealing because it can reduce the time of EC in IT period to make the relay spends more
time forwarding the received signal in order to improve the performance of the system
throughput. Furthermore, we propose a time-switching (TS) protocol based on EC at the relay.
And it allows the relay forwarding signal at an appropriate power. Under the protocol, the time
of EC can be flexible according to the forwarding power that we give so that the collected
energy can be used more efficiently. We give the expressions of the system throughput
according to the proposed scheme and protocol. Moreover, the influence of the interference
power on the system throughput is also studied.
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1. Introduction

Wireless cooperative networks (WCNSs) play a promising role nowadays. Especially for the

booming fifth generation (5G) and cloud computing times, it becomes more attractive [1].
However, traditional WCNs are often limited by the general interference and the energy
constrained relay node, which inevitably makes a loss of the system throughput. The natural
energy sources such as solar energy and water energy are unstable and unsteady, and they are
not suitable to provide energy to WCNSs. Some researchers had tried to equip the battery to the
relay. Though the battery equipped could be displaced, it could devote to high operating costs,
inconvenience and even insecurity [2]. Moreover, for the future 6G times, super high density
micro cellular network inevitably devotes to the general interference when they are working
at ultra-high rate [3]. This unavoidably leads to the poor performance of WCNs. Though a lot
of studies had been carried out in [4], the accomplishments were not nearly enough.

In recent years, radio frequency (RF) signal energy harvesting is supposed to a promising
method to prolong the lifetime of energy limited wireless networks [5-7]. A distinctive
advantage of RF signal energy collecting is that RF signals also carry energy while
transmitting information. Radio frequency energy collection (RFEC) techniques can be
composed of two categories, including wireless power transfer (WPT) and simultaneous
wireless information and power transfer (SWIPT). Traditionally, there are two ways to supply
energy to an energy constrained relay node in WCNSs. One is to transfer wireless power to the
relay node using an electromagnetic device [8], the other is to power the relay by beamforming
[9]. The authors in [9] studied the beneficial combination of SWIPT and RF communications
in WCNs. SWIPT had raised a growing amount of attention [10]. A significant application of
SWIPT is cooperative relay, where the energy limited relay forwards the source signal to the
destination. Therefore, energy collection (EC) in the kind of wireless cooperative
communication system is vital. In recent years, EC from RF signals in wireless relaying
networks was studied in [11-14]. Under the condition of limited EC, considering amplify-
forward (AF) relay, the authors in [11] studied the performance of outage in half-duplex relay
network and the performance of throughput in full-duplex relay network. In [12], the authors
studied the outage performance for the SWIPT energy harvesting (EH) relay system, where
the relay was in co-channel interference (CCI), using power splitting (PS) protocol. An AF
multiple relay system using SWIPT receivers subjected to interference channels was discussed
in [13]. To maximize achievable system rate, the authors proposed a power allocation problem
under forwarding power and energy collection limitation. The authors in [14] investigated the
SWIPT precoding scheme for K-user multiple-input-multiple-output (MIMO) interference
channels (IC).

However, it was practically not feasible to directly decode the carried information from
RF signals that were used to harvest energy simultaneously. This inspired the design of
practical achievable receiver equipment, which used time-switching (TS) or PS to decode
information in the energy collection processes [15-18]. Using a double-hop EC cooperative
communication system, the authors in [15] presented the new relay protocols by adaptive-TS
for AF and decode-forward (DF) relay modes, respectively. A low complexity resource
splitting algorithm for DF relay strategy was proposed in [16], but the algorithm had not taken
energy collecting from the interference into account. Moreover, most existing works based on
PS focused on the transceiver designs under fading channels. The authors in [17] studied an
MIMO orthogonal frequency division multiplexing (OFDM) SWIPT system based in PS
strategy, and designed PS ratio to maximize the secrecy rate.
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In this paper, we use the AF relay single-input-single-output (SISO) SWIPT system,
where a source node transmits signal to the destination by an energy-constrained relay. To
improve the performance of the system throughput, an interference signal energy collecting
(ISEC) scheme and a TS protocol are proposed.

They are valuable because they can effectively improve the system throughput under the
general interference. We give the theoretical mathematical expressions of the system
throughput. The provided expressions allow accurate determination of the system throughput
based on the system parameters by simulations. The simulation results show that the proposed
scheme and protocol are superior to the existing method without using IREC scheme and the
TS protocol, and they achieve efficient use of energy by reasonable distribution of the duration
of EC.

2. Related Work

Recently, there was a novel method to handle the problem, which meant the energy-limited
cooperative communication system relay collected the interference signal energy and used it
to transmit signal to compensate for the bad effects of interference [18]. So, many scholars
had done some research on the matter of interference processing (IP) [19-20], efficient
resource allocation strategy [21-24], and energy efficiency (EE) [25-29].

In [19], the authors provided a high-level outline using several different interference
processes. The authors in [20] studied two aspects of how to handle interference when channel
state information (CSI) was unclear. Excellent resource allocation strategy played an important
role in the applications existed in SWIPT system. In [21] a novel method of wireless-powered
(WP) MIMO non-orthogonal multiple access (NOMA) was studied by using collecting and
forwarding protocol with TS and power control (PC) strategies to get the optimal performance
and lifetime. To get more the collected energy and minimize the number of energy subcarriers,
the authors in [22] used the time-division multiple access (TDMA) method in multiple EC
nodes by the cooperative WPT. The authors in [23] discussed the resource allocation problem
for multiple input single output (MISO) NOMA employing SWIPT. In [24], the time resource
assignment was discussed in a RF-powered network with the known statistical information
about the collected power.

In [25], the authors studied the optimal energy efficiency in wireless device-to-device
(D2D) cellular networks in which D2D couples used SWIPT technology. The EE optimization
was studied with imperfect CSI in a SWIPT two-tier heterogeneous network in [26]. To get
the optimal energy efficiency while using the minimum needed collected energy at each node,
the authors in [27] studied the maximal energy efficiency by power distribution at the base
station and PS at each node. In [28], the authors used a constant-linear-constant (CLC) EC
model, and the throughput and energy EE of the system were optimized by adjusting the TS
parameter. However, the EE will reduce when the communication distance is too long, because
there is a loss in the spreading process of RF signals. The authors in [29] studied the problem
of intelligent reflecting surface (IRS) optimization to improve the EE in a MIMO OFDM
SWIPT system with EC model.

3. System Model and Assumptions

3.1 System Model
We propose a wireless cooperative communication system model that includes a source,
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expressed by S, a relay, R and a destination, D. The source and destination are mounted with
an antenna, while the relay has double antennas. The antennas at the relay are symmetrical
which serve as receiving antenna and forwarding antenna. The source and destination are
active and have no energy limitation, whereas the relay node is energy limited. Therefore, the
relay needs to collect energy from external environment to maintain its operation. We suppose
that there is no direct link between the source to the destination in order to simulate the real-
world communication circumstances with physical obstacles. The working strategy of the
relay is AF, as shown in Fig. 1.

Fig. 1. AF-based SWIPT relay system model

As shown in Fig. 1, Py is the transmitting power that the RF signal, x is the signal from the

source and E[ |x|2]=1, where E[-] and ||| are the expectation arithmetic and the absolute
arithmetic. The channel fading factor from source-to-relay is h, yg is the signal picked up in
the relay, and ny is the additive white Gaussian noise (AWGN) introduced by the receiving
antenna at the relay. The relay forwarding power is P, and the amplified signal is x5 . The
channel gain from relay-to-destination is g, the signal xz reaches the destination and y, is
the received signal. Meanwhile, ny is the AWGN introduced by the receiving antenna at the
destination. The distances from source-to-relay and from relay-to-destination are D, and D, .

3.2 The assumptions of relay model and channel model

For ease of analysis, we make the following assumptions.

e Thereare two circuits in the relay carrying out EC and signal forwarding (SF) respectively,
and part of time is used for EC and the rest for SF. For we proposed protocol, the time of
EC is changeable according to the given forwarding power.

e Compared with the relay-to-destination signal forwarding power, the working power
needed by the circuit at the relay can be ignored. The assumption is reasonable in the
actual systems when the systems work over very long transmission distances, because the
forwarding energy is the main part of energy consumption.

e  The duration of the general interference is mT ,which happens before the IT. The average
power of the relay collecting energy from the interference signal is P, . The duration of

IT in the SWIPT system is nT , every IT block lasting for T, and m, n are positive
integers. Every IT block is composed of EC and SF, and the duration of EC is T , and
the rest time is divided into two equal parts used for S—»R SF and R— D SF,
respectively. « isthe fraction of time that the relay collects energy from the source signal
during the IT period without our proposed TS protocol. Strict time synchronization is
maintained during IT. The energy collected from the interference is equally distributed
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among n IT blocks. We define g=m/n is the interference ratio. The energy distribution
model is shown in Fig. 2.
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m T Cinterference period) T (IT period)

Fig. 2. The energy distribution model

e The channel fading factors, h and g are also presumed to be invariable in a block time
of T. We also suppose that h and g are independent and identical distributions at every
block, subjecting to exponential distribution with mathematical exception of 4, and 4,

respectively. The expression is given by
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3.3 The working mode of the relay

We consider that the IT time of every block is T . Generally, every block could perform EC
and SF. In order to analyze the process flexibility, we suppose that the energy saving device
in the relay has unlimited capacity. When the TS protocol that we proposed is not being applied,
which means that the duration of EC in each IT block is equal and fixed. ¢, is the fraction of

time that the relay collects energy from the source signal in the k-th block during the IT period
without our proposed TS protocol. The working mode one in the relay is shown in Fig. 3.
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Fig. 3. llustration of EH and IT blocks
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Just described in Fig. 3, at the start of every block, the relay performs EC. During EC,
the relay collects energy from the RF signal. During SF, the total energy from the RF signal
and the interference is utilized to forward the received signal. While under our given protocol,
the duration of EC in each IT block, «, is flexible and it is related to the given AF power.

ay 1s the fraction of time that the relay collects energy from the source signal in the k-th block

during the IT period with our proposed TS protocol. The working mode two in the relay is
shown in Fig. 4.
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Fig. 4. lllustration of working mode two in the relay

In this situation, the relay sustains to collect energy from the RF signal on the basis of E,
until the total energy is equal to the needed energy that the relay forwards the signal from the
source to the destination at an appropriate AF power, P, , in the time of (1-«&/)T/2. P, is the
given AF power according the proposed TS protocol. E, is the total energy that is distributed
to each IT block. So, «; is subject to the AF power we set. In practical situations, E, is not
very big, so we assume that «; > 0. That means the relay always need to collect extra energy

from the received RF signal. In this working model, the energy efficiency is higher than
working mode one. In this paper, in order to be operated easily, we suppose that the relay can
gets channel status information.

In the following sections, we use the system throughput as the evaluation criterion. It
means that the part of the block time used for SF in the whole duration of IT.

4. Proposed protocol and scheme

In this section, we calculate the expressions of the signal model and the collected energy firstly,
and then using the relevant expressions to compute the system throughput based on the
proposed scheme and protocol.
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4.1 Energy Collection

According to the assumptions made above, in the strong interference existing period, the
expression of energy collected from the interference signal, E,, can be given as

E, =nPmT 3)
where 0<n <1 isthe energy harvesting efficiency.
The energy that can be distributed to each IT block, E, , is

= E PmT
E =t =T =R T (4)

When the strong interference ends, the system performs IT. The relay forwards the RF signal
received from the source to the destination. For the k-th block, without TS protocol, the

expression of energy collected from the RF signal, E., can be expressed as

= =@akT )
Dl
where k is the block indicator, m is the path loss coefficient.

When the Time Switching protocol that we proposed is not being applied, the AF power of the
k-th IT block, Py, is expressed as

b Ere +E, _277(,3P|D1m+0‘kpshk) ©)
R - )T )2 D,"(1-«)

where ¢, is the duration of EC in the IT block.

While under our given protocol, «;, is flexible and it is related to the given AF power. We
define the forwarding power that we give is P, , then the needed energy to forward the source
signal to the destination during the time of (1-a')T/2, Eg, can be expressed as

(L—a )T

Ese =P (7
In this situation, the energy collected from the RF signal, Exq, is
. mPshy
Err = Dsmk o T (8)

1
Through (4), (7) and (8), that E¢x = Ej +E, , the flexible value of duration of EC, o, can be
expressed as
P.D," -275D,"R, (9)
2nPsh, + P.D,"
We can see that the numerator of (9) is smaller than P.D[", and P,D[" is smaller than the
denominator of (9). This means the value of «; is always between 0 and 1. This shows that

our proposed protocol is reasonable because we assume that the energy saving device in the
relay has unlimited capacity. We can set an appropriate AF power value depending on the
actual IT situation to achieve maximum throughput of the system. The performance of the

oy =
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system throughput in each block is different because it is related to « , which is subject to the

channel fading factor, h. The system throughput in this paper means the part that performs SF
in the whole IT block time in non-interruption status.

4.2 Thgoughput Analysis

4.2.1 Thgoughput Analysis Without Using Proposed Protocol
When the system carries out IT, the expression of the RF signal received from the source in

the k-th block can be given as
PS
Yr =, [ X +Ng (10)
Dl

After amplification and forwarding, the signal xz transmitted by the relay is.

PRDlm
Xq = UYR = /—y 11
R =R Pshy +0'§D1m R (1)

R . e . . .
R is the magnification of AF relay, and o3 is the variance of nj.

where y= |—R
(Psh /D) + 03

During IT period, the signal received in the destination is

1
Yp =—7——=0kXr *Mp (12)

D m

VY2

Substituting (11) into (12), yp can be rewritten as
m
vo < | _RRRo [ ROG 13
\O." (Rhy +0x?Dy") | D," (R + D)

Using (13), without TS protocol, the Signal to Noise Ratio (SNR) at the destination, y, can
summarized as

m 2 m
Yo D, (Pshk+O'R D, ) B Pz Pshy g, (14)
o= =
PrDy" g 0R’ +op?2 PRDlmgkO'R2+O'DZD2m(Pshk +'~'7R2|:)1m>

D, (Pshy +0r°D)")

where &3 is the variance of nj.

If the SNR of the system, y, is less than the SNR threshold y,, the k-th block during IT

period will be in interruption status. So, without TS protocol, the interruption probability of
the system in the k-th block, pout, can be expressed as

pout, = p(yp < 7o) (15)
Substituting (14) into (15), pout, can be rewritten as
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pout, :p((ak |hk |2 ~byh, —ck)gk <dyh, +ek) (16)

The constants that are relative the system parameters to calculate pout, conveniently without
TS protocol can be described as follows

ay = 2noy P32
b, = 270, D" Ps20R?y, — 2n3Ps P, D"
¢ = 2nBP 0%’ DMy,

- 17)
d, =D, D, 0'02 (1_0‘k)P570
& = D*"D,"op 0%’ (1-a ) 7
Ak = a.k |hk|2 _bkhk _Ck
According (17), pout, can be specifically expressed as
T i IS
a - -c
pout, = kdkh +ek KoK (18)
P(gy > ——5————)=1 A, <0
ay || —behy —c
Substituting (1) and (2) into (18), the integral expression of the interruption probability is
hy d.h, +e
pouty = [ * £ (x)p(g > ———~————)dx
ay || —behy — ¢
% d.h +e
+jhl fr(x)- p(g < ——K Tk ydx (19)

a |h " ~beh —c,
d x+e,

" - Y Ry
:J-O fh(X)dX+J‘hl fh(X)(l_e g(aX X=C ))dX

b, ++b% +4a.c,

2a,
According to the definition of the throughput, without TS protocol, the system throughput in
the k-th block, 7, , can be expressed as

where h =

T - a)a- pouty) (20)

fo= (1 poutk)—(l‘;”k)

4.2.2 Throughput Analysis Using Proposed Protocol

The IT process is similar with that in subsection 4.2.1. But in this subsection, according the
protocol we proposed, P, can be seen as a constant. The SNR of the system in the k-th,

can be expressed as

P,Pshi g}
' 2
y D," (Pshk +OR Dlm) P.Pshe gy (21)
D= / - , ,
P.D," g} 0% o2 RDG0R 0D, (Pshi +0°D)")

D," (Pshy +0’Dy")
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According to (15), with TS protocol, the interruption probability in this subsection, pout, is
pout; = p((aghy —bg) gx < cehg +dy ) (22)

The constants that are relative the system parameters to calculate pout; conveniently with TS
protocol can be described as follows

ay = PP,
by = P.D,"og?
I: r 1m R 27’0 (23)
¢ =PsDy ap 70
dg =D," DszRZUDZVO
According (23), pout; can be specifically expressed as
pout =p((aih; —b¢) g < cihy +d )
o Cche +dy ;o B
<—— h, >—
p(gk an b)) (24)
o> Sy g B
ahy —by 8

Substituting (1) and (2) into (24), the integral expression of the interruption probability pout;
is

bl

;o ., cihy +d;
pouty, = [ & f,(x)-p(gi >~ E—E)dx

ayhy —by

AVRLI AW

ahy —by

b g Xx+dy

=j0? fip (dx+[ig F,(x)- @—e @ ydx
-

k

+ [y 109+ p(gi < (25)

r
a

According to the definition of the throughput, with TS protocol, the system throughput in the
k-th block in this subsection, z; , can be expressed as

T|,( = Ehﬁvgﬁ {(1— pout{( )(1— a{( )} (26)
Since the ¢ is unrelated to g, , the above equation can be rewritten as
7 = Ey {EgL {1- pouty } (1 - e )} @7)

Substituting (9) and (25) into (27), we can get
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= |n _2 (1- pouty)

ak
_( ckX+dkj _[HCLM&] (28)
a x—hy m m a x-h/
+o0 @ K D,"P —2npD, "B + € K
— bk’oo dx — 1 'r 77:8 1 ' b;oo — dx

To facilitate the calculation, we define a new variable x = x—t% , and the above equation
k

can be rewritten as

L adiabie]

[Fe W% g

b+, _o_ad+bic

S o0 e @) (29)
D,"P. —213D,"P dx

(l F 2Py r)jo 2a,nPX + 2nPsby +a;D,"P,

= 2 (UKl(u)_(DlmPr_ZUﬂDlmPr)¢)

where u and ¢ are defined as

Lo [HEd i)
(a )’ (30)
b
o (8%

+0
IX:O 2a; 1Py X + 2n7Psby +a; D,"P,

>

where .[:e_f;_yxdx: gKl(«/ﬁ)

5. Simulations and analysis

In this section, we give numerical results to prove the performance of the proposed protocol
and scheme. The throughput can be analyzed as a function of the system parameters. We adopt
the actual simulation parameter values recommended in recent research papers on SWIPT. We
set the source transmission power, Py =10, and the path loss coefficient, m=2.7. 4, = g =1

is also set. The average power of the relay collecting energy from the interference signal is
P, =5, and for convenience of analysis, we set the distance, D, = D, =1. We set the energy
collecting efficiency 5 =0.5. If there are no special instructions given, we set the threshold
SNR, y,=1, the interference ratio g#=0.1and the noise variances at the relay and the

destination nodes, o =0.1, and o =0.1, respectively.
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5.1 Simulation Without the Proposed TS Protocol

In this subsection, we give simulation results to verify the analytical results without using the
proposed TS protocol, and make comparison with an AF relaying wireless network under EC
limitations in [30-31]. The proposed method in [30] did not allow relay to collect energy from
interference, and EC time-duration accounted for a fixed proportion of the whole IT time.
Another method being discussed in [31] took energy collection into consideration, and the
authors studied the effect of interference energy harvesting (IEH) on the relay system rate.
According to the proposed IEH scheme in [31], we calculate the corresponding system
throughput using the same system parameters. In the simulations, we calculate the throughput
7 of about n=1000IT blocks in the same way according to the independent h and g in each

IT block and the average of the total throughput was used as our final assessment criteria.
Without our proposed TS Protocol, Fig. 5 describes the system throughput, z , versus the
duration of EC, « , with the ISEC scheme in this paper, without ISEC in [30], and with the
IEH scheme in [31], respectively. As shown in Fig. 5, we can know that the system throughput
increases firstly and then reduces with increasing of the fixed TS coefficient « . This is
because when the value of « is less than 0.27, 0.28 or 0.36, the energy collected from the
received signal increases which devotes to the increase of P; with the increase of « . And the

system outage probability reduces with the increase of P, .Though the SF time-duration also

reduces a little, but it is not the main factor that influences the system throughput. However,
if the value of « is more than 0.27, 0.28 or 0.35 and continuously increases, the duration of
EC accounts for a large proportion of each IT block, which devotes the duration of SF becomes
smaller and smaller. We can also see that the throughput performance is not obviously better
than the proposed method mentioned in [31]. There are two main reasons for this. The first
reason is that the simulation results in Fig. 5 are provided under the circumstance that our
proposed protocol is not adopted. The second reason is that we calculate the corresponding
system throughput according to the given equations in [31]. The authors in [31] did not
consider signal fading during the signal transmission. However, the throughput in our paper is
still slightly higher than the throughput in [31]. This proves the viability of our proposed
scheme.

The proposed scheme has a better performance, but the gap is gradually narrowing when
a s close to 1. This better performance of the proposed scheme is due to more efficient use
of interference sources. If the relay works with the fixed time-duration EC, without collecting
energy from the interference, the collected energy only from RF signal in each block is not
controllable and relates to the channel quality of the S — R link. If the S — R link is in deep
fade, the only energy collected from the signal will be very small which will decrease the AF
power and then results in outage at the destination. When the S — R link is very strong, the
collected energy will be very large, which guarantees a large relay AF power but causes a
waste of energy. On the other hand, the narrowing gap is because the energy collected from
interference can be ignored compared with the energy collected from RF signal when « is
close to 1.
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Fig. 5. Throughput with respect to the duration of EC

We define " is the value of o when the system throughput gets its maximum. Fig. 6 is
the relation among the optimum system throughput, the optimum EC duration «" and the
average power of the relay collecting energy from the interference, P, . In Fig. 6, the optimum

system throughput and the optimum remain unchanged with the addition of P, without ISEC

scheme. Because there is no interference energy collected in this situation. However, the
optimum system throughput is increasing with the increase of P, , and the optimum EC
duration reduces with ISEC. This is because the large value of P, is equivalent to shortening
the time that takes for the relay to collect energy from the RF signal. Then the SF duration
time takes a large part in the whole IT block time and the AF power is also increasing. These
devote to an increasing in system throughput.
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Fig. 6. Throughput and EC duration with respect to P,

The relation among the optimum system throughput, the optimum EC duration ¢ and
the interference ratio g is described in Fig. 7, where0o < g <1. In Fig. 7, the optimum system

throughput decreases with the increase of g, and it decreases more slowly when using ISEC
scheme. The optimum EC duration " reduces rapidly and remain unchanged when ISEC is
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used or not. With the increase of g, the duration of the interference makes up a large
proportion of the total communication time, which shortens the IT time used to forward the
signal and causes the decrease of the system throughput. In contrast, with the ISEC scheme,
the higher interference energy collected by the relay, the higher the AF power provided for the
signal, and the interference energy collected by the relay is moderating the bad impact of the
reduced IT time. The unchanged optimum EC duration is because the IT block is not allocating
interference energy. We can also get that when g is larger than 0.65, o becomes 0. That
means the relay no longer collects energy from the RF signal and performs SF only with the
energy collected from the interference signal.

0.9 0.8
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~ x
~ 04" 3
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Fig. 7. Throughput and EC duration with respectto 3

5.2 Simulation With the Proposed TS Protocol

Fig. 8 depicts the relation among the system throughput, the flexible EC duration «' and the
given AF power P, with the proposed TS protocol. We discover that the system throughput

increases firstly and then reduces when P, increases, and the EC duration «' increases

sustainably. It is easy to understand. In every IT block, the channel fading factor can be
considered unchanging. So, the value of «' is subject to P,. The higher the AF power we

provide, the higher RF signal energy collected by the relay. As P, increases from 0O to 3, the

probability of system interruption decreases. Though the duration of SF is also smaller, but at
this situation, it is not the main factor that influences the system throughput. When P, is larger
than 3 and continues to increase, the increase in AF power cannot compensate for the decrease
in SF time. In this situation, the duration of SF is the main factor. According to Fig. 8, we can
set P, =3, and at this moment «'is 0.4. We can determine that the system throughput

increases by about 6.3% through making comparison with that in Fig. 5.
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5.3 Comparison With or Without the Proposed TS Protocol

The system throughput as a function of P, is given in Fig. 9. In this situation, ISEC is taking
and we make « =0.28 without TS protocol and P. =3 with this TS protocol. The system
throughput increases with increasing of P, , and the protocol we give has a better performance.
The reason is similar with that in Fig. 6.

T
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°

3
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Fig. 9. The system throughput with respect to P,

Fig. 10 plots the relation between the system throughput and the interference ratio g . In this
situation, ISEC is taking and we make « =0.28 without TS protocol and P, =3 with this

protocol. We can summarize from Fig. 10 that the system throughput reduces with the addition
of g, and it reduces slowly with our protocol. It is easy to understand. The increase of g

shortens the IT time used to SF devoting to the decrease of the system throughput.
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Fig. 10. The system throughput with respect to 3

6. Conclusions

In this paper, an ISEC scheme and a TS protocol are proposed to reduce the loss of system
throughput. The scheme and protocol are proved workable, and the approximative optimal
fraction of time that the relay collects energy from the source signal during the information
transmission (IT) is got. Next, the optimal forwarding power is got according to the proposed
the protocol. The expressions of the system throughput are derived. The numerical simulation
results show that the ISEC scheme with the TS protocol can effectively improve the system
throughput. In addition, this paper investigates the influence of the interference power and
interference ratio on the system throughput. The results show that using the protocol has better
performance in the different interference power and interference ratio than without the
protocol.
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