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Abstract

Billions of radio transmitters are currently broadcasting radio frequency (RF)
energy around the world. This energy could be harvested to prolong the
lifespan of wireless networks. In this work, two approaches are proposed to
retrieve the harvested energy from co-channel interference (CCI) signals and
infinite capacity rechargeable batteries in a simultaneous wireless information
and power transfer (SWIPT) based decode and forward (DF) relaying system.
In the first scheme, the DF relays use all the harvested energy to decode
the received signal and forward it to the destination node, emptying the
battery for next transmission. In the second scheme, relays use only required
amount of harvested energy to decode and forward the source signal to the
destination, thus making the system energy efficient. A power splitting (PS)
technique is espoused in which some portion of received signal is used to
decode and the remaining portion is used to forward the signal. Furthermore,
the optimum value of power splitting (PS) factor p is examined to maximize
the system throughput. It is shown that an energy efficient system harvests
and keeps more energy in a battery at high signal-to-interference-plus-noise

ratio (SINR).
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Chapter 1

Introduction

This chapter provides a brief introduction about simultaneous wireless in-
formation and power transfer (SWIPT) and it’s techniques. Relaying tech-
niques are also discussed briefly. After that, thesis contribution is presented

and then, thesis organization concludes this chapter.

1.1 Simultaneous Wireless Information and
Power Transfer

To meet the growing demand of connecting everything, integrating energy
harvesting technologies into communication networks has provided another
provision. Solar and wind energy resources are contributing a great deal
towards harvesting energy. However, harvesting energy from such sources
becomes critical due to their unpredictable and sporadic nature. Another
energy harvesting technology, wireless power transfer (WPT) proves to be

overcoming these limitations as electromagnetic radiations charge the batter-
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ies of nodes in this technology [1].To get further gains in spectral efficiency,
latency and managing interference, simultaneous wireless information and
power transfer (SWIPT) is a promising solution [2-5]. It exchanges informa-
tion and harvests energy at the same time, making it effective for ultra low
power sensors and biomedical devices [6]. Furthermore, it could also be inte-
grated in millimeter-wave technologies and massive multiple-input multiple-

output (MIMO) to overcome fading and path loss effects.

1.2 Techniques for SWIPT

The received signal is split in two distinct parts to achieve SWIPT, one for
information decoding and other for energy harvesting as it is not possible for

a single signal to simultaneously harvest energy and forward information.

1.2.1 Power Splitting (PS)

SWIPT is achieved in PS technique by splitting the received signal into two
streams of different power levels. One is used to decode information and the
other stream is used to broadcast information to the destination [7]. This
technique is found to be more complex than time switching (TS) technique
as the PS factor p needs to be optimized, however, it is useful for such
applications where one time slot is needed for both harvesting energy and

forwarding information as shown in Fig. 1.1.
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Harvesting

Power
Splitter

Decoding

Figure 1.1: PS technique of SWIPT

«<— Harvesting

>— Decoding

Figure 1.2: TS technique of SWIPT

1.2.2 Time Splitting (TS)

In TS technique one time slot is used for both harvesting energy and for-
warding information. The received signal is switched between information
decoding and energy harvesting in the same time slot [8]. It’s hardware im-
plementation is comparatively easy but it requires time synchronization. It

can be more clearly seen in Fig. 1.2.
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Harvesting

ﬁo— — — — =»0—— Decoding

Figure 1.3: AS technique of SWIPT

1.2.3 Antenna Switching (AS)

In this technique DC power is generated by antenna arrays. The antennas of
received signals are divided into two groups [9]. Energy harvesting is done
by one group and information decoding is done by another group as shown
in Fig. 1.3. The hardware of AS technique of SWIPT is highly complex.
Generalized selection combining (GSC) could be used in low complex AS

mechanisms to overcome optimization problem.

1.2.4 Spatial Switching (SS)

SS technique could be implemented in interfering channels. In this technique,
the communication link is converted into parallel eigenchannels [10]. Energy
or information could be conveyed by these channels. There is a switch at
the output of each eigenchannel as shown in Fig. 1.4, that drives to either
decoding information or harvesting energy. Optimization problem arises in

assignment of eigenchannels and their power allocation.
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Figure 1.4: SS technique of SWIPT

1.3 Relayed Transmissions

Relaying plays an important role in wireless communications as it promises
to improve the quality of a wireless channel. It is easy to implement and it
increases connectivity. It is robust to changing channel conditions which is

not the case with the direct link transmissions.

1.4 Relaying Techniques

Relays work on different techniques based on their ability to forward the

received signal [11].

1.4.1 Amplify and Forward (AF)

In AF relaying technique, noise signal is also amplified along with the infor-
mation signal as shown in Fig. 1.5 [12]. Large amount of analog needs to
be stored in it, so it is difficult to be implemented in TDMA systems. The

signal quality is however degraded at low SNR due to noise amplification.
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Source Destination

"
-

Figure 1.5: AF relaying technique

Relay Detected bits

WY ‘k%-

Source Destination

Figure 1.6: DF relaying technique

1.4.2 Decode and Forward (DF)

In DF relaying technique, received signal is forwarded only when the relay

is able to decode it [13]. SNR threshold and error count checks the detected

bits. Noise is removed in this technique as shown in Fig. 1.6 DF relaying

finds its applications in wireless sensor networks, wireless ad-hoc networks

and vehicle-to-vehicle communication.
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1.4.3 Demodulate and Forward (DMF)

In this technique the received signal is first demodulated by relay and then
is forwarded to the destination [14]. The signal is demodulated without
detecting it. This technique is comparatively less complex than DF relaying

as the signal is demodulated as received.

1.4.4 Hybrid AF and DF

This technique switches between AF and DF based on the channel condi-
tion [15]. If the channel condition is good, message signal is decoded and
original bits are received at the destination. However, for poor channel con-
dition, noise is amplified along with the message signal and is received at the

destination node.

1.5 Thesis Contribution

The main contributions of this thesis can be listed as:

e In this thesis, we propose two novel approaches for relay selection in
SWIPT-based energy harvesting co-operative network under infinite

capacity rechargeable batteries and co-channel interference (CCI).

e The first proposed approach is focused on rate maximization irrespec-
tive of the battery status. Energy is being harvested from both the co-
channel interferer (CCI) signal and PS factor p. The harvested energy

is then used to forward the received signal to the destination consuming
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all of the battery power.

e The second proposed approach focuses on the battery status at high
SNR thus making the system energy efficient as it consumes only re-
quired amount of energy. The remaining energy energy at the end of
each transmission is consumed by the second transmission. Rate is

however compromised in this scheme at high SNR.

e Another significant contribution of this work is finding the optimum
value of PS factor p that maximizes the success probability of the sys-

tem.

e A comparison of optimum value of PS factor is made with fixed value
retaining highest success probability in the presence of batteries and
CCI signals. Rho optimum is proved to be a more suitable PS factor

to meet system requirements.

1.6 Thesis Organization

The rest of the thesis is organized as follows: Chapter 2 presents the back-
ground and existing literature on the relay selection techniques in the pres-
ence of CCI and rechargeable batteries. In chapter 3, two schemes, rate
maximization scheme and energy efficient scheme are proposed along with

their system model and algorithms. Chapter 4 presents the simulation results
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and performance evaluation for the proposed schemes. Chapter 5 generalizes

the conclusion drawn from the above frameworks along with the concluding

remarks.



Chapter 2

Background and Literature

Review

This chapter presents the background and literature review on the relay
selection schemes in a SWIPT-based system. It discusses the effects of CCI
signals and batteries in communication networks. It also discusses energy

harvesting from CCI signals.

2.1 Relay Selection in SWIPT

To meet the growing demand of wireless users and to overcome the fad-
ing, path loss and transmission limitations, various relay selection schemes
have been proposed based on channel-state information (CSI), signal-to-
noise-plus-interference ratio (SINR) and other network conditions. A simple
SWIPT-based cooperative network is analyzed in [16]. Simultaneously trans-
mitting data improves the bandwidth efficiency of a network. This simulta-

neous transmission is termed as two-way relaying. This two-way relaying

10
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is analyzed for co-operative communications in [17]. Single relay selection
(SRS) [18] and multi relay selection (MRS) [19] schemes have already been
discussed based on channel-state information (CSI). Optimal relay selection
(ORS) scheme maximizes the end to end SNR of all the users [20]. Several
existing works used partial relay selection (PRS) scheme to prolong the life-
time of relay node by selecting a single link based on the first-hop channel
state information (CSI) only. A considerable amount of work on fair relay
selection scheme in a general fading environment has been addressed in [21].
Dual relay co-operative approach is investigated in [22] for wireless networks.
A detailed comparative study of different relay selection schemes has been
carried out in [23,24] and the references therein. We focus on finding out the
outage probability of a system to evaluate our system performance. In previ-
ous works, outage probability of a DF system in Nakagami environment has
been analyzed in [25]. Shadowed Nakagami fading channel for co-operative
communication has been observed in a SWIPT-based system in [26]. Mostly
in relay selection we do not consider direct link due to path loss and fad-
ing but in previous works, direct links have been exploited in SWIPT-based
networks [27]. Each modulation scheme has its own impact on a system.
SWIPT-based systems are analyzed under different modulation schemes as
in [28]. Game theory is basically a study of mathematical modeling. SWIPT-

based system is also modeled under game theoretic approach in [29].
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2.2 Battery-Aware Relay Selection

Energy harvesting (EH) from sustainable energy resources is an unfold solu-
tion to enable green wireless networks. This energy is collected from various
external power sources including radio frequency (RF) radiations, solar ra-
diations, wind power, thermoelectric effects and so forth. When traditional
relays are replaced by such EH relays they prove to provide green signal to
wireless communications. This harvested energy, received by the receiver is
then converted to DC current and is then consumed by the relays. So EH
has drawn tremendous attention in wireless communications.

EH in simple relay selection scheme based on CSI and current available en-
ergy was inspected in [30]. EH in network operations and their improved
performance is investigated in [31]. Finite energy storage is another pa-
rameter that is integrated with the relay selection for cooperative relays in a
SWIPT-based system [32]. Energy could also be stored in non-linear models,
these models are analyzed in [33]. Energy harvesting in fading environment
is yet another artifact [34]. Energy harvested from such resources in wireless
networks could be stored in batteries to be used by next transmitted signals.
Such a battery-aware relay selection scheme is investigated in [35]. Relay
selection technique MRS is merged with energy harvesting from batteries
in [36].

Security is an important factor to be considered in every aspect including
communication networks. To secure an untrusted relay system, relay selec-
tion scheme in the presence of energy harvesting form RF signals is inves-
tigated in [37]. Since power allocation is equally important when energy is

being harvested in wireless and ad hoc networks. Such performance is eval-
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uated in [38]. Power allocation along with incremental decode and forward
system is modeled in [39]. Batteries integrated in amplify and forward co-
operative system is modeled in [40]. This model focuses on maximizing the

lifetime of network.

2.3 Interference Aided Energy Harvesting

Interference is existent almost everywhere, so in order to bring it into service,
we can harvest energy from co-channel interferer (CCI) signals and store it in
battery to be used in next transmission or could be used in the same trans-
mission. KEither ways relays may sometimes need to replenish energy from
various sources, CCI signals could serve as a new source of power storage.
Interference is analyzed in multi-hop networks in [41]. A survey has been
made to harvest energy by exploiting interference is done in [42]. Relays har-
vest energy from these CCI signals, store it into batteries and then use it to
forward the transmitted signal. Decode and forward relays harvesting energy
from CCI signals only is inspected in [43]. Energy harvesting from CCI sig-
nals is multi-hop co-operative relaying is explained in [44]. Radio frequency
(RF) based energy harvesting is analyzed in [45] for decode and forward
(DF) relaying systems. Many other sources along with CCI signals could
also be integrated in wireless network to store more energy. Power allocation
becomes an important factor when energy is being harvested from various
sources. This power allocation has been discussed in [46]. Co-operative sys-
tems could be made energy efficient by right power allocation and energy
harvesting. Energy efficiency is implemented in such systems in [47]. This

energy efficiency is then merged with relay selection in multi-hop device to



CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 14

device D2D networks in [48]. Game theoretic approach is applied in energy
efficient hybrid networks to analyze resource allocation in [49]. A survey of
relay selection scheme in ad hoc networks has been conducted in [50].

As energy is being harvested from interferer. Previous works show that this
interferer could be anything even the signal itself too. The work done in [51]
shows how energy is being harvested by self-interference. Electromagnetic in-
terference induced in human body could also act as interference from which
energy is harvested as in [52] and the references therein. Energy is accumu-
lated in multiple input multiple output MIMO relaying against co-channel
interference in [53]. RF Energy harvesting from CCI signals in D2D commu-

nication in analyzed in [54].



Chapter 3

Relay Selection Schemes

In this chapter, we present two relay selection schemes. First one focuses on
maximizing rate of the system irrespective of the battery status at any value
of SNR. Second one focuses on overall energy of the system thus making an

energy efficient system.

3.1 Rate Maximization Scheme

In rate maximization scheme, system focuses on maximizing the overall rate
of the system at each value of SNR. System efficiency is not the factor taken
into account in this scheme. It’s system model is presented and the algorithm
is explained. The main focus of this algorithm is to maximize the overall
rate of the system by using optimum value of PS factor p. This p is obtained
by keeping a condition to achieve some percentage of success. Simulations
have shown that this optimum value in the presence of batteries and CCI

outperforms rate maximization scheme by a huge margin.

15
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3.2 System Model

Consider a source-destination pair with N decode-and-forward (DF) relays
which are integrated to accelerate information transmission of the source to
the destination node. No direct link is assumed because of attenuation and
path loss. These DF relays are armed with separate information and energy
receivers to easily switch between information forwarding (IF) and energy
harvesting (EH) mode. Each of these relays are also equipped with finite-
capacity rechargeable batteries in which they can collect energy to be used
in the following or next transmission to assist the transmission. Moreover,
each of these relays are prone to L CCI signals where L={1,2...L}. In this
work, source and destination are represented by subscript-S and subscript-D
respectively. Each relay is denoted by R, where u={1,2...N} as shown in
Fig. 3.1. Rayleigh fading channel is assumed for each S-R, link and each
R,-D link. Here hy is the channel co-efficient between each S-R, link and gy

is the channel co-efficient between each R,-D link where N={1,2...N}.
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Figure 3.1: System Model

3.3 Algorithm for Rate Maximization Scheme

Let P, denote the transmitted power broad-casted by source S and z denote

the transmitted symbol. The signal received at u-th relay is then given by

L
Yo = V/Pehux + /Pix Y B+ n (3.1)
I=1

where P; is the power of CCI signals and (3, u is the channel co-efficient

/th

between /™" relay to u™ interferer. Additive white Gaussian noise is denoted

by n with zero mean and variance N,.

As SWIPT-based system is used in PS technique, a PS factor will divide
the received signal into two parts. Rho p times received signal Y, will be
used to decode information and (1 — p) times Y, will be used to forward the

transmitted signal. This model works based on algorithm 1.
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As energy is harvested p times, this p selection is another factor. We have

obtained optimum value of rho against the condition given by (3.2).

(p)Y. > Threshold (3.2)

This value of PS factor then forwards the information and harvests energy

and this amount of energy harvested is given by (3.3).

L
1 1
By = 1(1 = p)(5Pelhuf* + 5P Y 151l?) (33)
=1

where 0 < 7 < 1 denotes energy conversion efficiency, |h,|*> denotes the chan-

nel power gain between S and R, and |3, ,]?> denotes the channel power gain

[ interferer and ut" relay.

between

In rate maximization scheme,each relay will be able to decode and for-
ward the transmitted signal if the condition given by (3.2) is satisfied. Based
on that success and outage will be defined. This scheme focuses on maxi-
mizing rate of the system consuming all of the battery power in forwarding
transmitted signal and the battery is emptied for the next packet. It is filled
by harvesting energy from CCI signals and PS factor p and is then utilized
when meets the threshold. The signal received at destination is then given

by
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Yd =\ Ehth +n (34)

where hy is the channel co-efficient between R, and D. The final success is

then inspected by

Yy > Threshold (3.5)

3.4 Energy Efficient Scheme

The main focus of this scheme is to make the system energy efficient. Rate is
compromised at high SNR but we have energy in batteries. This is done by
defining the minimum amount of energy needed to forward received signal.
When only that amount is consumed, remaining energy remains in battery
to be used by other transmissions. The minimum amount of energy required

is given by

P, > Threshold /g, (3.6)

3.5 Algorithm for Energy Efficient Scheme

Main algorithm running behind energy efficient scheme is explained in Fig. 3.3.
This algorithm continues from Fig. 3.2 and changes from ( 3.2). At the suc-
cess of this condition, only required amount of battery energy given by (3.6) is
consumed for transmission and remaining amount is used by the next trans-
missions. However, in case when outage is interpreted, battery only harvests

energy from CCI signals and PS factor p. That energy is then consumed
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by the next transmissions. (3.6) plays an important role in energy efficient
scheme as even after success is outlined, battery status is checked if that
required amount is present or not. Success is obtained based on the battery
status, outage is expected after first success based on the current amount of
energy in battery. Final success is then defined at destination, same as that
in rate maximization scheme.

This scheme is found effective at high SNR. As with the rate maximization
scheme, at high SNR batteries have very low power which effect the next
transmissions as the battery first harvests enough energy from CCI signals
and p and then uses that energy to forward the signals. But in this scheme
we have enough battery power at high SNR, rate is however compromised as

the system is energy efficient.
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Chapter 4

Simulation Results

We consider a S-D link with N relays to assist communication. Two different
schemes are applied on this model. First one focuses on rate maximization
of the system and second one focuses on energy efficiency. In simulations, we
have used energy efficiency parameter 7 0.5.

Fig. 4.1 presents the success probability against each value of SNR for
different fading channels. Nakagami channel with shape parameter m = 1
becomes Rayleigh fading channel and it can be clearly seen in the figure. It
is found to give lowest success probability because of absence of light-of-sight
(LoS) component. Nakagami with m = 4 has highest LoS component and so
it results in highest success probability.

Success probability for N number of relays is shown in Fig. 4.2. The re-
sult sums up that increasing number of relays in a S-D system assisted by N
relays results in increased success probability of the system. This is because
the message signal is transmitted by more number of relays, so at least one of
them can guarantee success however this is not the case with only one relay

in the system.

23
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Figure 4.3: Success probability for selecting N best links

Fig. 4.3 presents success probability while selecting N number of relays.
This means that one message signal is transmitted by selecting N relays at
a time. Here we can see that selecting more relays to transmit one message
increases the success probability of system but it is cost-effective so we need
to look for other solutions.

Here all these relays are forwarding message by a diversity technique maxi-
mum ratio combining (MRC) at the destination node. In MRC each signal
branch is multiplied by a weight factor that is proportional to amplitude of
the signal [55]. Weak signals are attenuated and strong signals are further
amplified. Here, SNR of all the forwarding relays are added up and the com-

bined signal is checked at the destination node to affirm final success.
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Figure 4.4: Success probability for selecting best, random and worst SNR link

In Fig. 4.4 Best SNR link is compared to worst SNR link and some ran-
dom SNR link out of N relays. Resulting plot proves that the best SNR
link provides a promising solution to improve the success probability of sys-
tem. This is because if the channel is not good, ho much ever energy will
be present in the battery, message would not be transmitted and outage will

be observed. Remarkable differences between the links can be noticed from

Fig. 4.4.
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Figure 4.5: Success probability in the presence of CCI signals

In Fig. 4.5 CCI signals are introduced to a simple S-D system. Here we
can see that in the absence of CCI signal, system is least in outage. As soon
as the CCI signals start adding and increasing in number, system starts be-
having in a poor manner. Success probability reaches down close to zero in
the presence of four CCI signals. This shows that CCI signals are incorporat-
ing in system and effecting in an uncooperative way. These signals could be
made to cooperate with the system by harvesting their energy and utilizing

in the transmissions.
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Figure 4.6: Success probability for selecting m out of N relays

Fig. 4.6 shows the results of selecting m out of N relays to forward the
message signal. These relays are selected irrespective of the message size.
Message is itself divided among the prescribed number of relays for a partic-
ular system. Fig. 4.6 shows that increasing m increases the overall success
probability of the system. The reason here again is that if more relays will

be forwarding the message, chance of outage probability will be less.
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Figure 4.7: Success probability for different values of PS factor p

Fig. 4.7 shows the results of different values of PS factor p. p could be
any value to be used in wireless system as it is dividing the received signal
in IF and EH mode. For a simple system in the absence of CCI signals and
rechargeable batteries, the received signal is used for IF and EH based on the
values of p as in Fig. 4.7. Worst performance is observed for p=0.1 and best
one is observed for p=0.5. p=0.9 is observed to give average performance.

These results are more clearly described in Fig. 4.8.
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Figure 4.8: Success probability for different values of PS factor p

Clear results of PS factor p are shown in Fig. 4.8.As p = 0.5
is observed to give best success probability, rest of the comparisons with fixed

p are made with the value p = 0.5.
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Figure 4.9: Rho optimum for different values of SNR

Fig. 4.9 shows the value of rho optimum obtained at each value of SNR to
pledge success probability 70%, 80% and 90% respectively. This plot acts like
a table from where optimum value of PS factor p for a particular SNR could
be read to get any percent of success probability. This value of p divides the
received power in such a way between IF and EH mode that it guarantees a

particular success.
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Figure 4.10: Comparison of success probability at fived value of p and opti-
mum value of p at different SNR

Fig. 4.10 compares the success probability for fixed value of p = 0.5 as it
is observed to give best results. Plot shows that optimum value of p lowers
its performance at low SNR. Here making use of batteries and CCI signals
and harvesting energy from them will rise this curve at low SNR resulting in

good performance. It would be more clear by seeing the forthcoming plots.
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Figure 4.11: Comparison of success probability at fixed value of p and opti-
mum value of p in Rate Maximization scheme

Here we see that when batteries are integrated to the system, our success
probability at low SNR is improved. Here these batteries are storing energy
only from PS factor p. While forwarding the received signal, batteries make
use of their full energies stored and thus they are empty for the next trans-
mission and starts harvesting till they meet the forwarding criteria. Here if
somehow battery stores more energy than required, even then all of it will be
consumed by the forwarding signal. Energy efficient scheme is the solution

to it as it only uses energy as required by relay to forward the received signal.
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Figure 4.12: Comparison of success probability at fixed value of p and opti-
mum value of p in Energy Efficient scheme

Fig. 4.12 shows that at low SNR, performance is further improved and
more success probability is obtained. But rate is compromised here which
is not the case with Rate Maximization scheme shown in Fig. 4.11. This
system however is energy efficient at high SNR as only required amount of
energy is utilized to forward the information signal and the rest is stored in
battery for the next transmissions. Battery status at high SNR is monitored

in the imminent graphs.
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Figure 4.13: Rate Maximization scheme in the presence of co-channel inter-
ferer (CCI) signals

We have already monitored the presence of batteries being utilized in
both the schemes. Now in Fig. 4.13 batteries will store energy from CCI sig-
nals as well and utilize that energy based on the scheme used. Here in Rate
Maximization scheme, batteries are forwarding information with more power
as more power is stored in batteries and they are utilizing all of it. So we
see an overall enhanced performance of the system. Batteries will however

be emptied for next transmissions again.
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Figure 4.14: Energy Efficient scheme in the presence of co-channel interferer

(CCI) signals

Energy Efficient scheme is also observed to improve the system perfor-
mance by harvesting energy from CCI signals but at high SNR, success prob-
ability is still lower than that of Rate Maximization scheme. Batteries, how-

ever will have energy at high SNR making system energy efficient.
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Figure 4.15: Rate Maximization scheme for N number of relays

Fig. 4.15 shows that increasing number of relays in Rate Maximization
scheme, increases the overall success probability of system considering the
fact that at least one link among them will ensure success. This at the same
time decreases the battery power by consuming all of it for one transmission.

Fig. 4.16 and Fig. 4.17 shows the battery status of this scheme at high SNR.
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Figure 4.16: Battery status at high SNR in Rate Maximization scheme

Fig. 4.16 shows the battery status of Rate Maximization scheme at high
SNR. We can see that even when 100 packets are sent, battery status at each
relay is around 0.1W, which is very less at the moment. It would be further

cleared by seeing the contour in Fig. 4.17
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Figure 4.17: Contour plot for battery status in Rate Maximization scheme

Fig. 4.17 shows the contour plot for battery status of Rate Maximiza-
tion scheme. It can be seen from the plot that at high SNR battery power is
around 0.1W because all of it is consumed in transmitting the received signal
and there is almost no energy left in the battery at high SNR. At this point
battery will harvest energy in the upcoming transmissions and will forward

the message signal once enough energy is present to forward.
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Figure 4.18: Energy Efficient scheme for N number of relays

Fig. 4.18 shows that increasing number of relays in Energy Efficient
scheme, increases the overall success probability of system. However in this
scheme batteries have maximum power for upcoming transmissions even at
high SNR as they are only consuming the required part for transmission.

Fig. 4.19 and Fig. 4.20 shows the battery status of this scheme at high SNR.
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Figure 4.19: Battery status at high SNR in Energy Efficient scheme

Fig. 4.19 shows the battery status of Energy Efficient scheme at high
SNR. We can see that even when 100 packets are sent, battery status at
each relay is around 2W. It would be further cleared by seeing the contour

in Fig. 4.20
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Figure 4.20: Contour plot for battery status in Energy Efficient scheme

Fig. 4.20 shows the contour plot for battery status of Energy Efficient
scheme. It can be seen from the plot that at high SNR battery power is
around 2W because only required amount of it is consumed in transmitting
the message signal and the remaining energy is preserved in battery for next
transmissions. System will keep harvesting energy and forwarding informa-

tion simultaneously.



Chapter 5

Conclusions and Future Work

In this thesis, we discussed and analyzed promising technologies for harvest-
ing energy from CCI signals and p in a SWIPT-based wireless system. This
work proposed two schemes, first one maximizes data rates and the second

one makes the system energy efficient. This thesis can be concluded as

e Chapter 3 discusses rate maximization scheme, where overall rate of
the system is focused. Rate maximization find its many applications
in today’s world of communications. For such systems, this scheme is

a promising solution.

e In chapter 4, energy efficient scheme is discussed which focuses on the
energy efficiency of the system irrespective of the rate. It is useful in
cases where system is focused and not the rate. The drawback of this
algorithm is that it is likely that for a particular node, channel condition
is quite good but battery do not have enough power to transmit. We

will be facing outage in this case till battery power reaches the required

43
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level.

5.1 Future Work

e In the future, we intend to further explore the concept used in energy
efficient scheme. As MRC is incorporated at the destination node, we
focus on assigning good weights to the nodes whose channel condition

is good so that we can have success out of them as well.

e We also aspire to design the system more energy efficient by harvesting
energy from various other factors including shadowing and path loss.

Self interference can also be utilized to harvest energy.

e By adding specific distances we aim to make our model more worthy
of. It can help by setting different parameters as per distances of S-R
and R-D.
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