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Abstract—This paper deals with the idea of wireless energy
harvesting and energy transfer used to establish communication
between devices in a wireless network. Wireless energy harvesting
and transfer has proved to be very advantageous in areas like
WSN in which this technique not only improve the nodes lifetime
but also makes the communication eco-friendly. A protocol
namely save-then-transmit is used to accomplish the
communication between the nodes in which some part of the time
slot is devoted for energy harvesting and transfer with remaining
part used for data transfer. Two models TCM-EH-ET and TRCMEH-ET have been considered in which the nodes have no source of
energy and they only get energy by natural means i.e. they harvest
energy for recharging their batteries from the environment. An
energy co-operation scheme is given, parameters involved in
energy harvesting and transfer, i.e. energy transfer rate and saveratio are optimized to maximize the overall throughput of the
communication network. The proposed scheme is simulated on
MATLAB R2013a, simulation results shows that the throughput
of system with given energy cooperation scheme are better than
the scheme without energy transfer and energy transfer with half
save-ratio.
Keywords—Energy harvesting, Save-then-transmit protocol,
Save-ratio, Energy transfer rate, Throughput.

I. INTRODUCTION
As the lifetime of wireless nodes completely depend on their
battery life and also in a battery powered node, when battery
gets drained, it is required to replace the battery but this will not
be practical in many situations, like hard to reach areas. Hence
the main challenge, in wireless communication network is to
prolong the life time of battery. To counter this challenge
concept of energy harvesting can be used. In energy harvesting
techniques node or battery recharges by natural means such as
solar energy, wind energy, etc. So the energy harvesting not
only helps to increase the lifetime of battery but also makes
contribution in green communication. Wireless energy transfer
can also help in improving the life-time of nodes involved in
communication. Electromagnetic radiation-based wireless
power transfer technique can be used for transferring energy
between far separated nodes [2]. In [3], results show that the
throughput of a sparse network increases logarithmically with
the energy arrival rate and linearly with the transmitter density.
The throughput of the network modelled as a Poisson point
process and the energy arrival rate have been derived in simple

expressions which shows the trade-off between energy
harvesting rate, encoding rate, and density of nodes. In [4], a
protocol has been introduced to enhance the performance of
system by giving optimum value of save-ratio, in which a
fraction of the time is dedicated for energy harvesting and the
rest time given for data transmission. In [5], it characterizes how
the optimal save-ratio and the maximum throughput that can be
achieved vary with energy harvesting rate and also validates the
selection of optimal save-ratio. In this, the energy harvesting
rate is considered for both deterministic and stochastic case and
derivation of the optimal value of save-ratio as the function of
energy harvesting rate for both cases is done. In [6,7],
simultaneous transmission of energy and information is
discussed and optimal transmission strategy is given to obtain
the trade-off relation between maximum data rate and energy
transfer rate. In [8], throughput optimization of nodes in twoway communication network scenario was considered, in which
nodes were harvesting energy and transferring a fraction the of
harvested energy to other nodes. In [9], it uses the results of [8]
to remodel new network architectures, i.e., multiple access and
relay channels.
For optimizing the throughput of network we have
combined the two techniques which are energy harvesting at
nodes and energy transfer between the nodes and have
discussed an energy cooperation scheme. On the basis of savethen-transmit protocol, consider two models: Two node
communication model with energy harvesting and energy
transfer (TCM-EH- ET), and Three node relay communication

Figure 1: Time slot division in save-then-transmit protocol.
with energy harvesting and energy transfer (TRCM-EH-ET). In
the first model, all nodes are harvesting the energy and also
transferring it to the other node, whereas in second model there
is a relay and the energy harvesting is allowed only at source
and relay node. In both the models, throughput of system is
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completely depending on two parameters namely save-ratio and
energy transfer rate. Optimum value of these parameters have
been used to maximize the throughput. An assumption is taken
that nodes involved in communication have self-dependent
external energy arrival process to charge the battery and energy
consumed in processing and sensing is also negligible.
The paper is further organized as follows. In section 2,
TCM-EH-ET model is presented and the throughput for this is
formulated with optimal values of energy transfer rate and saveratio. Further in section 3, TRCM-EH-ET model is discussed
with their throughput formulation. Simulation parameters and
results are given in section 4,5 respectively, followed by
concluding remarks in section 6.
II. TCM-EH-ET MODEL
As shown in figure 2, we have considered two nodes say
node A and node B with self-energy harvesting capabilities.
The energy harvesting rates of the two nodes are denoted by ݔଵ
and ݔଶ with an assumption that ݔଵ >0, and ݔଶ >0. The energy
transfers between the nodes only when there exists a gradient
of energy i.e. either ݔଵ > ݔଶ or ݔଵ <ݔଶ . If no energy gradient
between the nodes exist i.e. ݔଵ =ݔଶ then no transfer of energy
will occur between them.
The save-then-transmit protocol is used for energy transfer
in which each time slot is divided into three parts as shown in
figure 1. In first part of each time-slot, energy harvesting at the
nodes takes place and in other two, data transmission between
the nodes takes place.

ο ܧൌ ߩሺݔଵ Ȃ ݔଶ ሻ
ο ܧൌ ߩɁ ,where Ɂ represents energy transfer rate

(2)

With the assumption ݔଵ >ݔଶ node A will harvest more
energy than node B and hence will transfer some part of its
harvested energy. After transferring the energy, the remaining
energy at node A and node B will be,

ܧ = ߩT(ݔଵ -Ɂ)

(3)

ܧ = ߩT(ݔଶ +ߙɁ) ,whereߙ is energy transfer efficiency
(0<ߙ <1)
B. Second phase of time slot (Data transfer)
During the second part of duration (ȡT, 0.5(1 + ȡ) T), node
A transfers data to node B. The corresponding throughput of
node A is given by,
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C. Third phase of time slot (Data transfer)
In the third part of duration (0.5(1 + ȡ) T, T), node B transfers
data to node A. The corresponding throughput of node B is
given by
ͲǤͷሺͳ െ ߩሻܶ
ߩ݄ܶሺݔଶ   ߙɁሻ
 ଶ ቈͳ 

ܶ
݊ଶ ͲǤͷܶሺͳ െ ߩሻ
ߩ݄ሺݔଶ   ߙɁሻ
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݊ଵ , ݊ଶ

Where, h represents the channel coefficient and
represents noise power having unit value.

The overall throughput of two-node communication model will
be

ܴ௦௨ ሺߩǡ ߜሻ ൌ ܴଵଶ ሺߩǡ ߜሻ  ܴଶଵ ሺߩǡ ߜሻ
ఘሺ௫భ ିఋሻ
ቃ+
maxܴ௦௨ ሺߩǡ ߜሻ =ͲǤͷሺͳ െ ߩሻ  ଶ ቂͳ 
Ǥହሺଵିఘሻ
Figure 2: Energy harvesting and energy transfer in twonode communication model.
A. First phase of time slot (Energy harvesting and energy
transfer)
The time-slot of duration T in the interval (0, ߩT] both the
nodes will harvest energy from nature as, ୟ = ߩTݔଵ and
ୠ = ߩTݔଶ ; where ߩ represent save ratio (0<ߩ< 1).

ο ܧൌ ሺܧ െ  ܧ ሻܽݔ݃݊݅݉ݑݏݏଵ  ݔଶ
ο ܧൌ ሺߩݔଵ Ȃ ߩݔଶ ሻ
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such that, 0<ߩ<1 and 0<Ɂ<1
Solving for maxܴ௦௨ ሺߩǡ ߜሻ we get optimal
when

ߜι ൌ 

ߩ,Ɂ values as,

ݔଵ > ݔଶ ,
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B. Second phase of time slot (Data Transmission)
In this duration (ȡT, 0.5(1 + ȡ) T), node S transfers its data
to R and the corresponding throughput is given as
(13)

when ݔଵ =ݔଶ , no energy transfer takes place so energy transfer
rate comes out to be 0.
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Figure 3: Energy harvesting and energy transfer in Threenode relay communication model.
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 ୱ୰ ሺɏǡ Ɂሻ ൌ ͲǤͷሺͳǦɏሻǤ  ଶ ቂͳ 
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III. TRCM-EH-ET MODEL

A. First phase of time slot (Energy Harvesting and transfer)
In duration of (0, ߩT] both the source node(S) and the relay
node(R) harvest the energy and also during this time some part
of the harvested energy gets transferred between both the nodes.

୦మ ሺ୷మ ାஔሻ
ǤହሺଵǦሻ

ቃ

(19)

The aim is to maximize throughput, ܴௗ
max  ୰ୢ ሺɏǡ Ɂሻ ൌ ͲǤͷሺͳǦɏሻǤ  ଶ ቂͳ 
such that Ͳ ൏ ߩ ൏ ͳ

and
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Solving for this we get the following optimal values of
When , ݄ଵ ݕଵ

ߜ ൌ 

ο ܧൌ ߩɁ
ߩι ൌ 

The energy stored at both the nodes are as

(18)

C. Third phase of time slot (Data Transmission)
In this duration (0.5(1 + ȡ) T, T), node R transfers its data
to S and the corresponding throughput is given as
 ୰ୢ ሺɏǡ Ɂሻ ൌ ͲǤͷሺͳǦɏሻǤ  ଶ ቂͳ 

In this model as shown in figure3, the source and destination
nodes are not in line-of-sight so the communication between
them takes place through a relay node. The energy harvesting
takes place only at source and relay node. The harvesting rate
of energy for node A and B are ݕଵ , ݕଶ respectively. Our aim is
to maximize the throughput of relay node since it cannot be
greater than the throughput of node A.

ቃ

(20)
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ሾ݄ଶ ሺݕଶ  ߙߜι ሻ െ ͲǤͷሿǤ ሼܹሾሺʹ݄ଶ ሺݕଶ  ߙߜι ሻ െ ͳሻ݁ ିଵ ሿ  ͳሽ

(22)
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(16)
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IV. SIMULATION PARAMETERS

h is the channel coefficient which is Rayleigh distributed
and is considered to remain same during the timeslot. x and y
are the energy harvesting rates and are assumed to be gamma
distributed. It is also assumed to be remain same during the
timeslot. PDF for gamma function is given as
Figure 4: System throughput with same harvesting rate

౮

ሺሻ ൌ

Ǧሺ ሻ
୶ౡǦభ ୣ ಐ

(27)

ౡ ሺ୩ሻ

(ݔଵ =ݔଶ )generated by ī(5,5) and ī(5,5).

where, k (k > 0) is shape parameter, ߠ ( ߠ > 0) is scale
parameter, they can have any positive integer value and ī(.)
denotes the gamma function in above given PDF.
Table 1: Simulation parameters
Parameter

Symbol

Value

Energy transfer efficiency

ߙ

0.8

Noise power at node A

݊ଵ

1

Noise power at node B

݊ଶ

1

Energy harvesting rate

x, y

Gamma distributed

h

Rayleigh distributed

Channel coefficient

V. RESULT ANALYSIS
In both models, three schemes have been analyzed i.e.
TCM-EH-ET, TCM-half-EH-ET and TCM-EH. In TCM-EHET, optimized values of both ߜ and ߩ have been used. In TCMhalf-EH-ET ߩ is fixed at 0.5 whereas in TCM-EH only energy
harvesting occurs without any energy transfer.
In figure 4 and figure 5, the harvesting rates at both the
nodes are same represented by same value of parameters k, ߠ ,
generated by ī(5,5) and ī(5,5). It shows that throughput
corresponding to TCM-EH-ET, TCM-EH is nearly same since
no energy transfer takes place but it is more than the TCM-halfEH-ET scheme which has not used the optimal value of saveratio(ߩ). Although, the system throughput in each time slot is

Figure 5: System throughput with same harvesting rate (ݕଵ =
ݕଶ ) generated by ī(5,5) and ī(5,5).
maximum for the TCM-EH-ET scheme which uses the
optimal values of energy transfer rate(ߜ ) and save-ratio(ߩ).
In figure 6 and figure 7 the harvesting rates at the nodes are
different which are shown by different values of parameters k,
ߠ ī(8,8) and ī(3,3), i.e., gradient of energy exists and as a
result there will be an energy transfer between the nodes. Also
in each timeslot the maximum throughput is corresponding to
the TCM-EH-ET scheme which uses the optimal values of
energy transfer rate(ߜ ) and save-ratio(ߩ).
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Figure 6: System Throughput with unequal harvesting rate
(ݔଵ > ݔଶ )generated by ī(8,8) and ī(3,3).

Figure 8: Save-ratio (ߩ) variation with energy harvesting rates.

Figure 7: System throughput with unequal harvesting rate (ݕଵ >
ݕଶ ) generated by ī(8,8) and ī(3,3).

Figure 9: Energy transfer rate(ߜ ) variation with energy
harvesting rates.

In figure 8, variation in save-ratio is shown with the variation
of energy harvesting rates. We see that save-ratio is reducing
with increase in energy harvesting rate. It shows that with larger
value of harvesting rate, the nodes prefer to allocate smaller
duration of time for harvesting and transmission of energy but
the time allocated for transfer of data will be more. For low
energy harvesting rate nodes will not be able to harvest enough
energy so, more time will be devoted for energy harvesting and
energy transmission meaning larger save-ratio. In figure 9, the
energy transfer rate d will increase as the difference between
energy harvesting rates ݔଵ and ݔଶ increases.

When both become equal; that means both the nodes are
harvesting.
VI. CONCLUSION
In this paper, we studied energy cooperation schemes using
save-then-transmit protocol in a wireless powered
communication systems. The nodes in this system have no fix
source of energy, so they harvest energy from the nature. Two
models viz. TCM-EH-ET and TRCM-EH-ET are analyzed to
maximize overall throughput of the system. It is shown that the
how the throughput of network changes with harvesting rate of
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the nodes. Dependence of throughput on parameters viz. saveratio and energy transfer rate is shown and optimal values of
these parameters are derived by maximizing the throughput of
network.
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