


This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/COMST.2017.2783901, IEEE

Communications Surveys & Tutorials

SUBMITTED TO IEEE COMMUNICATIONS SURVEYS & TUTORIALS

27

Fig. 12: An mmWave enabled wireless power transfer scheme for smart city.

1) MIMO SWIPT: In the MIMO network, all receivers/user
terminals are battery limited devices, and batteries need to be
recharged to extend the network lifetime. EH is performed by
the individual receivers through dedicated power transmission
from the transmitters in the network. Most of the work that
tried to integrate SWIPT in MIMO wireless networks assumes
that there are two defined groups of users to be served, one
for receiving information and another for receiving power to
recharge their power sources. To have a better understanding,
a three-device (one transmitter and two receivers) MIMO
wireless broadcast system is considered as shown in Fig. 13.
Using the signal sent by a transmitter, the energy receiver
harvests energy while the other receiver performs ID. Two
different scenarios in the MIMO broadcast system have been
investigated in [70], namely separate and co-located ID and
EH receivers. In the first scenario (separate receivers), the
best transmission strategy was designed to attain non-identical
trade-offs in SWIPT. Those trade-offs are characterized by
the boundary of the rate-energy region. For the second
scenario (co-located receivers), the previous solution can also
be applied to the unique MIMO channel from the transmitter
to the EH and ID receivers. Furthermore, two SWIPT
techniques, TS and power switching, were investigated for
the case of co-located receivers [70].

2) Massive MIMO SWIPT: Massive MIMO is a scaled
version of MIMO technology containing thousands of
antennas and terminals. Massive MIMO provides the new
extent of efficiency and throughput by the antennas attached
to the base station, focusing the reception and transmission of
signal energy into a small region of space [177]. Moreover,
partial focussing also can be improved with the increase of

antennas. In the seminal work of [58], SWIPT in massive
MIMO enabled multi-way relay networks (MWRNs) and
energy constraining amplify-and-forward relays have been
investigated by utilizing TS and PS techniques. Once the
quantity of relay antennas grows in the network, sum rate
expressions and harvested energy have been derived from a
considerable amount. The effect of co-channel interference
(CCI) on the performance metric was also investigated in
[156], and the result proved that the CCI can be utilized in the
relay for improving EH. Integration of SWIPT and MWRNS5s
with massive MIMO can be a significantly improved trade-off
between the performance of energy constraint AF relaying
and the harvested energy. The use of SWIPT in Massive
MIMO enabled wireless networks has a potential to attain a
substantial improvement in energy efficiency. Furthermore,
it also works well with many applications associated with
millimetre wave communications and heterogeneous networks.
In [178], the authors have investigated secure beamforming
design for two user MIMO broadcast system for both
information and energy transmission. For the design, authors
have proposed semidefinite relaxation based best suitable
solutions, for both the single and full stream cases with
channels satisfying positive semidefiniteness. Meanwhile,
with an arbitrary number of streams, the inexact block
coordinate descent (IBCD) algorithm has been proposed for
the general case. According to [178], adaptation of this work
can be the optimization of the IBDC algorithm to more
scenarios in secure beamforming with multiple information
and energy receivers.

Future Directions: Due to the path loss, signal strength
is reduced by a significant amount. Therefore, the energy
efficiency of MIMO SWIPT systems might not be as high as
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Fig. 13: A basic MIMO broadcast system. Here a set of an-
tennas are allocated for the information decoding and another
set is assigned for the RF-EH.
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expected for long distance power transfer. To overcome this
bottleneck, more research works are needed with integration
of advanced green EH technologies with MIMO resource
allocation. In addition, more research activities need to be
focused on communication security in MIMO SWIPT due to
the vulnerability of information leakage.

L. SWIPT: A two user MISO Interference Channel

A single antenna is used at both source and destination
in typical wireless communication networks, which causes
issues in the communication link with multipath effects. Issues
caused by multipath wave propagation can be reduced by
MISO technology, having two or more antennas with the trans-
mission of multiple signals at the source. In MISO, the finest
optimal transmission strategy for the best scenario has been
studied where the two receivers in the communication system
simultaneously harvest energy and decode information [65] to
implement self-sustained wireless communication networks. It
is also worthwhile to note that cross-link signals are useful
in improving EH of the receivers in spite of the fact that it
limits the achievable sum rate [65]. Thereafter, considering the
current limitation of circuit technology, two practical schemes
are proposed based on TDMA, where the receiver performs
ID or EH at each time slot.

1) The first scheme named A, splits each transmission
interval into two time slots, in which one slot is used to
perform EH by both receivers and afterwards to perform
ID in the next time slot.

2) The transmission time of the second scheme, named as
B, divides into two time slots, as in scheme A, with the
difference that, in each time slot, one receiver performs
ID whereas the other receiver performs EH operation
simultaneously.

The achievable sum rate of these proposed TDMA schemes
A and B in ideal conditions was studied via simulations
[65]. It was proved that the ideal scheme, which uses ideal
receivers, is sometimes not the best proposition with reference
to sum rate maximization. In an interference limited system,
TDMA of scheme A offers a better sum rate as compared
to the ideal scheme. When one of the receivers requires
comparatively higher energy than the other, TDMA of scheme
B provides a higher sum rate than TDMA of Scheme A.
Overall simulation results and the conclusion are very different
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from the previously reported results [58] in the absence of the
ideal receiver, which always performs better.

M. SWIPT Assisted Device-to-Device Communication

Device-to-Device (D2D) communication provides direct
communication between the mobile users without or partial
network-infrastructure utilization. D2D communication im-
proves network throughput, spectrum efficiency and energy-
efficiency, while supporting various location-based and peer-
to-peer applications and services. It plays an important role in
improving the network capacity and resource utilization [157].
An additional feature of this technology is that the coverage
can be significantly improved by the use of a relay node.
The relay node enhances the D2D network performance, while
a mobile user equipment (UE) communicates with the other
user. Relay user equipment relay (UER) node works as an
intermediate node [157], [158].

Due to energy constraint in transmitters, integration
of SWIPT with D2D communication is identified as a
progressive research area. Availability of sufficient energy in
devices is important to ensure the power demands of D2D
applications. This approach became ineffective due to the use
of UERs own power for data transmissions of other UEs . As
a solution for this bottleneck in [159], a D2D communication
enabled EH cellular network where the UER harvests energy
from a base station and uses it for D2D communication is
considered. Moreover, SWIPT enabled D2D communication
in large scale cognitive networks has been studied in [160].
They proposed a new WPT model with battery free design
at the energy constraint D2D transmitter. In addition, when
processing the WPT, the impact of small scale fading is also
considered in this proposed model. SWIPT assisted D2D
communication network is shown in Fig. 14.

Future Directions: A limited amount of research has
been conducted on SWIPT enabled D2D communication.
Integration of D2D communication with the WPCN would
be a major advance towards achieving SWIPT in D2D
communication. Several issues such as power control,
resource allocation, relay node association, relay node
selection and management, mode switching, etc. will need to
be addressed in order to improve the power transfer efficiency
of SWIPT enabled D2D communication networks. We predict
that this will evolve into one of the key technologies in the
5G communication for the years to come.

N. SWIPT Enabled Broadband Wireless Systems

A wireless broadband is a wireless network technology that
addresses the last mile major problem in telecommunications.
It provides high-speed internet and data services via a wireless
local area or a wide area network (WLAN or WWAN).
The local multipoint distribution system and the multichannel
multipoint distribution service are fixed wireless broadband
technologies for broadband microwave wireless transmission
heading from a local antenna to the destinations. Integration
of SWIPT with Microwave Power Transfer (MPT) within a
broadband wireless system is a promising technique for the
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Fig. 14: SWIPT assisted D2D communication network where the users harvest energy from a base station and use harvested

energy for D2D communication.

need of convenient energy supply in wireless networks [64].
The broadband wireless system with limited interference con-
tains multi-antenna base stations for information transfer and
power transfer to free the wireless devices from the limitation
of restricted battery capacities. Far-field MTP has been used
to support SWIPT with the understanding of the QoS. In this
approach, using orthogonal OFDM, the broadband channel
is split into multiple orthogonal sub-channels, where the
base station in the communication network transmits/receives
one data stream per sub-channel created. Depending on the
transmission policy, each stream is encoded at a fixed rate
or with one of the variable rates, according to the reported
received SNRs. It is noted that without beamforming, OFDM
alone can decouple only an information transfer link, not
an MPT link. Based on OFDMA, this work considers both
single-user and multi-user systems, where the mobile device
is assigned either to all sub-channels or to a single sub-
channel. Depending on the direction of information transfer,
downlink or the uplink, two practical courses for SWIPT
are considered. In the first scenario, SWIPT with downlink
information transfer uses an OFDM signal which is transmitted
by the base station in the broadband wireless network, for
both information and power transfer. The second approach
deals with uplink information transfer, where information and
power transfer proceeds in opposite directions. Downlink MPT

depends on the transmission of power tones categorized as
unmodulated, while uplink data signals are OFDM modulated.

SWIPT enabled BWS contains dual antenna to support the
architecture in Fig. 16, which can be reconfigured depending
on the direction of information transfer [64]. This architecture
contains a transceiver based on downlink or uplink information
transfer, which either demodulates and decodes or encodes and
modulates received data, and a component of harvested energy
converts an input signal to DC power. Once the architecture
is configured for downlink, the outputs of the antenna are
logically combined to improve the power of received signals.
Thereafter, the combiner output is splitted into two by the
power splitter and is sent to both the transceiver and the energy
harvester. Following this, the architecture configured for uplink
by having attached two antennas separately to support the full-
duplex operation for both information and power transfer in
the transceiver and the energy harvester.

O. Summary and Insights

In this section, we reviewed existing literature related to
the use of SWIPT in emerging communication technologies
and provided future directions. The increasing attention to the
energy efficiency of 5G has led research community to an
extensive range of research opportunities related to the inte-
gration of SWIPT with modern communication technologies.
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Fig. 15: SWIPT assisted solar powered satellite to initiate wireless power transmission and information transmission to ground
and a mobile base station (drones or unmanned aerial vehicle) via microwave beams.

First, we reviewed multi-carrier SWIPT systems with the latest
literature. Most of the existing works have studied OFDM
based SWIPT systems. Moreover, different SWIPT techniques
and different multiple access schemes used in multi-carrier
SWIPT systems were explained. Then we provided possible
future directions in this context including the use of wideband
receivers, investigated suitable techniques to utilize unused
carriers for EH and explored the use of different sources for
RF-EH in multi-carrier SWIPT systems. Next, we explained
WPT/SWIPT enabled CRNs. Enabling SWIPT in CRNs can
improve the spectral and energy efficiency of communication
systems. A number of different CRN architectures with RF-
EH have been proposed in the literature. Moreover, cooperative
access schemes have been used to improve the efficiency of
SWIPT transmissions in CRNs. Future research directions of
SWIPT enabled CRNs should focus on the main four functions
of CRNS, i.e.,spectrum sensing, access, management and hand-
off to support efficient and dynamic spectrum access in SWIPT
enabled CRNs.

Next, we reviewed the existing works of SWIPT enabled
full-duplex communication. In the past, full-duplex communi-
cation was not encouraged to use in communication systems
due to the effect of SI. However, with the development of
different SI cancellation techniques and the possible usages of

SI in communication systems, research community motivates
to use full-duplex in modern communication systems. Prin-
cipally, in SWIPT enabled full-duplex, SI can be converted
into an extra source of energy. Moreover, both the TS and
PS SWIPT receiver architectures have been used in recent
research related to SWIPT with FD. More importantly, some
of the works applied TS and PS randomly to the nodes
in the communication systems to improve system efficiency.
However, further research activities are required before SWIPT
enabling full-duplex handshakes with modern communication
systems. Furthermore, the use of SI related to interference
exploitation need to be analysed and the transceiver design
needs to be changed accordingly in SWIPT enabled FD
communication systems. An effective combination of full-
duplex-CRNs with SWIPT can be consider as an important
future direction. Then we reviewed Bistatic Scatter Radio for
EH with proper explanation of literature available along with
some future directions. However,the major research direction
is to find a reliable energy source for RF-EH in Bistatic Scatter
Radio.

In the next subsection, we reviewed SWIPT with symbol
level precoding. In this domain, constructive interference can
be used for ID and EH purposes in symbol level precoding.
A few works have used SWIPT beamforming technique
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as a source for EH and a source of useful information
signals. Investigating the feasibility of SWIPT systems with
symbol level precoding in multi-cell systems can be one
of the promising research directions. Next, we provided
a comprehensive review on SWIPT enabled cooperative
communication. SWIPT stands as a enabling solution for
the requirement of extra energy in relay nodes to participate
in relay operations. Moreover, we included the aspects of
cooperative relay algorithm design for resource allocation in
SWIPT systems including, Harvest-then-Cooperate, Harvest-
use, self-energy recycling and interference aided harvesting.
Most of the existing literature focused on using RF-EH and
WPT to power up the relays. However, new SWIPT schemes
need to be integrated with cooperative design protocols.
Investigating cooperative communication models and the
effect of channel codes can be a promising research direction.
Next subsection included, SWIPT enabled cooperative
NOMA. More attention came to NOMA with identifying
as one of the major candidates in 5G. Although there are
two different domains of NOMA, all existing literature on
SWIPT assisted NOMA considered power-domain NOMA
instead of the code-domain NOMA. Moreover, cooperative
schemes have been used in SWIPT assisted NOMA to
improve the reliability of remote users. Future research work
in SWIPT assisted NOMA should further investigate SWIPT
enabled NOMA using code-domain NOMA and with other
communication technologies such as mmWave and MIMO. In
addition, channel estimations and receiver design need to be
addressed before integrating NOMA with SWIPT technology.

Subsequently, we reviewed the existing works in the area
of secure WPT/SWIPT transmission. In SWIPT systems, both
information security and power transfer efficiency are equally
important. Highly boosted signal emitted by the transmitter can
lead to an expanded defencelessness against eavesdroppers.
In the literature, separated receiver modes have been used
as a solution, where one receiver is allocated for confiden-
tial ID while the other one is assigned for EH. However,
security issues in each and every emerging SWIPT enabled
technologies need to be further investigated. SWIPT assisted
mmWave communication was reviewed in the next subsec-
tion. The mmWave communication has gained more attention
after being selected as a key candidate for 5G. Very high
frequency, narrow beam, large array gain and a dense network
with mmWave base station make mmWave as a prominent
candidate for WPT. However, only a limited amount of works
have considered mmWave for SWIPT and there is a huge
gap in information processing and hardware development in
SWIPT assisted mmWave communication.

Next, we reviewed SWIPT enabled WSNs, SWIPT enabled
WSNs TS and PS SWIPT architecture in EH wireless sensor
nodes. As compared to sensing, data processing, communi-
cation is a costly functionality in SWIPT enabled WSNs.
Thus, harvested power in nodes need to be used effectively
to avoid catastrophic failure in the system. Furthermore, it
is very important to identify potential energy sources for the
EH process in WSNs. Moreover, SWIPT enabled WSNs will
lead the concept of IoT into a different level in the research
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community. Next, we reviewed SWIPT enabled MIMO sys-
tems that can notably improve the reliability and capacity of
wireless networks. Initial research efforts focused on point to
point MIMO links and now it has shifted to multi-user MIMO
scenarios. SWIPT integration can be more beneficial since
all receivers in MIMO are battery limited devices. SWIPT in
massive MIMO enabled multi-way relay networks used both
TS and PS techniques and with the growth of the number of
antennas in the systems improve the sum-rate expression and
the harvested energy in a considerable amount. However, more
research activities required in long-distance power transfer
to identify enabling solutions for path loss. Security aspects
of SWIPT enabled MIMO need to be further investigated
before applying into real-world communication. Finally, we
have reviewed existing literature in SWIPT enabled D2D
communication and BWSs with possible future directions.

VII. RECOMMENDATION FOR FUTURE DIRECTIONS

In the previous sections, we have highlighted some of the
technical issues in SWIPT enabled communication network
systems. SWIPT presents a number of common technical chal-
lenges in different SWIPT enabled emerging communication
technologies. In the following, we suggest some of the future
research directions for common issues in SWIPT.

A. Resource Scheduling in SWIPT

As previously mentioned, scheduling is a critical factor in
improving the system performance of SWIPT networks and
to meet some QoS criteria under SWIPT. Due to practical
limitations of the EH circuit, it is not feasible to have both
EH and ID from the received signal. Therefore, optimized
resource allocation algorithms are needed to increase the per-
formance of SWIPT/EH system. In [179], the authors designed
a resource allocation algorithm for SWIPT for a realistic non-
linear EH model and showed significant improvement in the
system performance. Therefore, existing scheduling algorithms
need to be optimized or new scheduling algorithms need to
be created to achieve better performance in SWIPT enabled
communication networks.

B. Hardware Impairments

Most research works related to SWIPT have not yet focused
on hardware impairments in the SWIPT enabled commu-
nication networks. In wireless communication, there occur
several hardware impairments such as in-phase/ quadrature-
phase (I/Q) imbalances, high-power amplifier non-linearity
and oscillator phase noise due to the involved low quality
hardware transceiver components, and they may significantly
degrade the performance of various wireless systems. The
effect of realistic relay transceiver structures on the outage
probability and throughput of WPT has been analysed and
confirmed in [180] based on two-way decode-and-forward
(DF) cognitive network in the presence of transceiver impair-
ment. Moreover, DF in EH systems with multiple antennas
are also studied in [181] under the presence of transmitter
hardware impairments. However, hardware impairments can
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Fig. 16: Dual mode SWIPT supported mobile architecture: This architecture contains a transceiver based on downlink or
uplink information transfer, which either demodulates and decodes or encodes and modulates received data, and a component

of harvested energy converts an input signal to DC power.

have different effects on different SWIPT enabled commu-
nication systems. In this regard, it is an interesting research
direction to exploit the effect of hardware impairments in
different SWIPT enabled wireless communication systems.
In addition, we strongly recommend that future research on
SWIPT and SWIPT emerging technologies need to pay extra
attention to hardware impairments since this can be one of
the direct reasons for the system performance degradation
of SWIPT enabled communication systems. Hopefully, the
outcome of such research can be used to select appropriate
quality hardware for future SWIPT enabled communication
systems.

C. Investigation of CSI Feedback

Previous improvements in modulation, coding and schedul-
ing have led to the wireless communication networks deployed
in the present. Different channel adaptive techniques tend to
be used in next-generation wireless networks. Thus, the trans-
mitter requires some information regarding wireless channel
conditions referred to as CSI at the transmitter. In SWIPT
enabled next-generation communication networks, CSI could
help to improve efficiency of both EH and ID operations. Since
the value of the feedback varies with the communication sce-
nario, investigating various types of feedback to improve the
efficiency of SWIPT enabled communication systems could
be a promising research direction. The selections of the best
suitable feedback mechanism for SWIPT systems also can be a
difficult choice to make since different communication systems
have different characteristics and requirements. For instance,
some capable terminals at the transmitter could afford CSI
feedback, but not the simple IoT terminals. Therefore, how
feedback mechanism affects the selection and effectiveness of
the SWIPT strategy needs to be studied further in the next-
generation communication systems.

D. Channel Coding Techniques

A proper channel coding technique is needed for SWIPT
enabled communication systems since the receiving signal
may contain corrupted information such as noise, interference,
fading etc., and the available energy budget is extremely
limited for self-powered nodes. Polar codes and LDPC codes
can be potential channel coding techniques in SWIPT enabled

5G communications. A method for efficiently constructing
polar codes has been presented and analysed in [182], and it
has been applied in cooperative communications. Polar codes
can be decoded by using successive cancellation (SC) or
the belief propagation (BP) algorithms. However, unlike SC
decoders, performance optimizations for BP decoders have not
been very fully explored. An early stopping criteria for polar
BP decoding to reduce energy dissipation and decoding latency
has been proposed in [183] [184]. In [185], it has been shown
that polar codes are suitable for DF and compress-and-forward
relaying in relay channels with the orthogonal receivers.

A low-power decoder design approach for generic quasi-
cyclic low-density parity-check (QC-LDPC) codes based on
the layered min-sum decoding algorithm has been given in
[186] and a low-power high-throughput LDPC decoder using
non-refresh embedded DRAM has been designed in [187].
Turbo codes have been used in 3G cellular standard. These
codes achieve lower bit error rates at the expense of high-
computational complexity as compared to LDPC and Polar
codes. Therefore, for mobile communication devices, design-
ing energy-efficient Turbo decoders is of great importance.
In [188], the authors presented a MAP-based Turbo decoding
algorithms with energy-quality trade-offs for various channel
models.

However, an energy-efficient Polar and LDPC coding
scheme for SWIPT enabled communication systems is re-
quired. The investigation of low power consumption and adap-
tive coding techniques suitable for SWIPT/WPT dependent
wireless communication system is an encouraging research
direction. The Turbo codes have the benefits of low inter-
connect complexity and inherent flexibility. In [189], the au-
thors demonstrated that they facilitate high-throughput flexible
channel coding gain at lower implementation complexities as
compared to LDPC and polar codes. They further explained
that the turbo codes offer an additional benefit of backward
compatibility to 3G and 4G standards, which is favourable for
the cellular communications industry in terms of cost savings.
This again invites the research community on channel coding
to investigate the best suitable coding technique for energy-
efficient deployment in 5G standards.
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E. Information Theoretic Framework

Information theoretic framework assists to quantitatively
analyse and model parameters in communication networks.
A proper theoretical framework has not yet been developed
for SWIPT technology. Since SWIPT has recently been intro-
duced, a theoretical framework for trustworthiness evaluation
could raise the possibility of merging SWIPT with existing
communication technologies. In this regard, implementing
theoretic frameworks for SWIPT systems can be an interesting
and valuable research area.

F. Internet of Things

IoT is a novel concept which is based on connecting
all types of electronic devices to the Internet. IoT basically
connects people, processes, data and every possible things
together in order to fulfill people’s day-to-day needs. In the
present, IoT is defined in the broader context comprising of
different scenarios using different communication strategies
such as WSNs, D2D and machine-to-machine communication.
One of the main deployment challenges in IoT is to maintain
reliable communication with the low cost and power limited
IoT devices. The rapid growth of IoT applications has in-
creased the energy consumption of small devices dramatically.
Therefore, it is important to address the energy efficiency of
small devices. In general, most of the IoT devices are battery
operated and sometimes can be located in remote areas such
as devices in a vessel in the middle of the deep ocean, military
devices etc. [190]. Therefore, charging those batteries can
sometimes be economically infeasible. Wireless relaying has
been widely used in IoT wireless systems [191]. However,
relaying operations require extra power from nodes in the
relay, which sometimes can prevent battery powered devices
from taking part in the relay. Therefore, RF powered relaying
is a favourable solution, in which nodes in the relay can
harvest energy either from source or externally from external
RF transmissions. SWIPT integration to IoT devices can be a
promising solution to improve efficiency of IoT. Nevertheless,
the integration of SWIPT with IoT opens up new challenges.
Only the energy used for transmission merely is taken into
account when designing scheduling. However, energy used
for receiving cannot be ignored as compared to that of the
transmission [192]. Thus, accurate energy modelling is re-
quired. Moreover, more works need to be carried out regarding
relay selection in IoT, due to the fact that relay selection
criteria for information transmission may be different from
energy transfer. The distance between nodes in IoT networks
will notably affect overall SWIPT system performance. Most
of the existing energy harvesters work efficiently over short
distances. Therefore, decisions have to be taken regarding the
use of multi-hop with shorter distance in IoT networks.

G. Machine type communications (MTC)

MTC is a promising technology that enables communication
between machine type devices such as devices/sensors, ma-
chines and vehicles, to network entities such as base stations,
eNode base stations and access points with minimal human
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intervention. A wide range of devices and applications can
be involved in MTC. MTC applications may include health
monitoring devices, transportation terminals, smart parking
meters, etc., which must be effectively connected via commu-
nication links [193]. Nevertheless, some of these devices may
have limited power capacity within the devices. Sometimes
failure of a device in the linked network can have huge
impact on day-to-day human activities. Thus, while improving
communication aspects of the MTC, extra attention needs to
be allocated for power requirement of the devices. SWIPT
integration to MTC can be a revolutionary concept which helps
to stabilise the power requirements of some devices in the net-
work. Energy can be harvested using the same communication
link while devices are in idle mode. Nevertheless, integration
of SWIPT also can create some additional challenges. Some
of the challenges are:

1) privacy concerns of the devices and the users
2) heterogeneity and mobility management of the devices
3) QoS requirement

MTC traffic is different from other communication networks. It
has unique traffic patterns due to its special functionalities and
requirements. These details need to be taken into consideration
when designing ID and EH scheduling for the network. This
can present another interesting research question in SWIPT
enabled M2M communication. One of the main characteristics
of the MTC, the capability of integrating many different types
of devices, can also present a challenge in the integration
of SWIPT. Available energy, computational power, power
storage capacity and power requirement of the devices may
be very different and these heterogeneity properties make the
design of EH protocols a very challenging task. Security will
be another important issue for the successful integration of
SWIPT with MTC. Information and power transfer efficiency
and information security are equally important in SWIPT
enabled MTC. However, due to the different characteristics
of devices in the network, security issues and possible solu-
tions can vary. Therefore, considerations should be given to
provide a satisfactory level of security and effective resource
management schemes in SWIPT enabled MTC.

H. Satellite Communication

Satellite assisted SWIPT is an interesting application via a
radio frequency beam. As many satellites are solar-powered,
we could use solar EH to power up the satellite and then to
use it to initiate wireless power transmission to ground stations
via microwave beams. It could also participate in information
transmission [194]. This is designed in a geostationary orbit,
36,000 km above the Earth’s surface as shown in Fig. 15
This can be used for a SWIPT application, as the satellite
can transmit information and power for low power consumed
base stations and mobile base stations such as drones etc.
This can also be used to energize UAVs while supporting
the idea of ubiquitous energy. Future research should explore
the development and implementation of such satellite assisted
SWIPT based drones, base stations or similar applications and
contribute to the idea of ubiquitous energy becoming a reality.
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VIII. CONCLUSION

In this paper, we have presented an inclusive survey of
RF-EH, WPT and SWIPT together with associated emerging
technologies with new opportunities and future directions.
First, we pointed out the need for sustainable communication
in 5G communications systems. We then reviewed existing
articles related to SWIPT/WPT with the objective of high-
lighting the novelty of our survey paper. Subsequently, we
provided a comprehensive description of RF-EH and the
circuit design of EH module together with various related
technologies. We then provided a detailed description on the
SWIPT and its antenna architectures. Next, we presented one
of the uprising concepts, interference exploitation in SWIPT.
This included the identification of new aspects of interference
and the potential use of interference in wireless systems. This
paper, then presented a comprehensive description of SWIPT
together with emerging wireless communication technologies
such as multi-carrier SWIPT systems, WPT/SWIPT enabled
CR, full-duplex communications, bistatic scatter radio, sym-
bol level precoding, cooperative relaying, NOMA, mmWave
communications, WSNs, MIMO, D2D and BWSs. Also, we
discussed the security aspect of SWIPT transmission as it is
of great importance. Moreover, we provided a comprehensive
survey on up to date research works and open issues of each
specific emerging technology. Finally, we pointed out major
common technical challenges in different SWIPT enabled
emerging communication technologies. The biggest challenge
in the next-generation wireless communication is to integrate
the spectrum of several enabling technologies to provide an
energy aware resource efficient, cost-effective and reliable
communication.

IX. APPENDIX

TABLE VI provides the definitions of acronyms and
notations used throughout this paper.
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