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Introduction
This introduction summarizes the work of various scholars in this 

important area [1-5].

In general, wireless power transfer from a power source to a 
receiver is implemented through electromagnetic propagation [6]. 
Similar to wireless information transmission, wireless power transfer 
also suffers from propagation loss, including path loss, shadowing and 
fast fading. Therefore, transfer efficiency is a critical and challenging 
issue for wireless power transfer. To solve this problem, multi-antenna 
techniques are introduced into wireless power transfer to improve the 
transfer efficiency by using energy beamforming. In [7], the design 
methods of the optimal transmit beam for power transfer were given 
in MIMO broadcast systems. Furthermore, considering the imperfect 
channel state information at the power source, a robust energy 
beamforming strategy was proposed in [8]. However, due to the limited 
number of antennas at the power source, the energy efficiency based on 
the traditional multi- antenna systems is difficult to satisfy the practical 
requirement, especially when the transfer distance is not so short [9]. 
Recently, large-scale MIMO deploying a huge number of antenna at 
the transmitter is proposed to enormously improve the transmission 
performance by exploiting its large array gain.

Intuitively, the ultimate purpose of wireless power transfer is 
to fulfill the need of the receiver for work. As a simple example, in 
medical field, the implanted equipment in body is powered through 
wireless power transfer, and then transmits the medical data to the 
outside receiver with the harvested energy. However, most of previous 
analogous works analyze and design the wireless power transfer without 
taking into consideration the utilization of the harvested energy. In this 
letter, we consider joint wireless information and power transfer in 
large-scale MIMO systems employing energy beamforming, where the 
power receiver transmits the information with the harvested energy, 
namely wireless powered communication. Since energy harvesting and 
information transmission are impossibly carried out simultaneously, 
time slot should be divided into the harvesting and the transmitting 
components. In order to optimize the performance, it is necessary 
to determine the optimal time switch point, namely time resource 
allocation. Moreover, transmit power at the power source, as another 
important resource, also affects the ultimate performance. Recently, 
energy-efficient communications, namely green communication, gain 
more and more prominence due to energy shortage and greenhouse 
effect [12]. This letter focuses on the maximization of energy efficiency, 
defined as the delivered information bits per Joule harvested energy, 
by jointly optimizing transfer duration and transmit power. The 
contributions of this letter lie in three folds. First, it solves the 

challenging problem of long-distance wireless information and power 
transfer. Second, it improves the energy efficiency enormously. Third, it 
provides high QoS guarantee.

A robust energy beamforming strategy was proposed in [8]. 
However, due to the limited number of antennas at the power source, 
the energy efficiency based on the traditional multi- antenna systems 
is difficult to satisfy the practical requirement, especially when the 
transfer distance is not so short [9]. Recently, large-scale MIMO 
deploying a huge number of antenna at the transmitter is proposed to 
enormously improve the transmission performance by exploiting its 
large array gain [10,11]. For example, in the 60GHz WiFi 802.11/ac, 
since small size antenna is possible, large-scale antenna beamforming is 
exactly what is being implemented. Similarly, large-scale MIMO can be 
used to effectively improve the performance of wireless power transfer.

Intuitively, the ultimate purpose of wireless power transfer is to fulfil 
the need of the receiver for work. As a simple example, in medical field, 
the implanted equipment in body is powered through wireless power 
transfer, and then transmits the medical data to the outside receiver 
with the harvested energy. However, most of previous analogous 
works analyse and design the wireless power transfer without taking 
into con- sideration the utilization of the harvested energy. In this 
letter, we consider joint wireless information and power transfer in 
large-scale MIMO systems employing energy beamforming, where the 
power receiver transmits the information with the harvested energy, 
namely wireless powered communication. Since energy harvesting and 
information transmission are impossibly carried out simultaneously, 
time slot should be divided into the harvesting and the transmitting 
components. In order to optimize the performance, it is necessary 
to determine the optimal time switch point, namely time resource 
allocation. Moreover, transmit power at the power source, as another 
important resource, also affects the ultimate performance. Recently, 
energy-efficient communications, namely green communication, gain 
more and more prominence due to energy shortage and greenhouse 
effect [12]. This letter focuses on the maximization of energy efficiency, 
defined as the delivered information bits per Joule harvested energy, 
by jointly optimizing transfer duration and transmit power. The 
contributions of this letter lie in three folds. First, it solves the 
challenging problem of long-distance wireless information and power 
transfer. Second, it improves the energy efficiency enormously. Third, it 
provides high QoS guarantee.
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The rest of this letter is organized as follows. We first give an 
overview of wireless information and power transfer in large-scale 
MIMO systems in Section II, and then derive an energy-efficient 
resource allocation scheme by maximizing the efficiency [13-27].

Conclusion
A major contribution of this letter is the introduction of the large-

scale MIMO technique into wireless information and power transfer. 
By exploiting the advantage of the large-scale MIMO, this letter 
realizes long-distance and QoS guaranteed wireless information and 
power transfer. Considering the demand for green communications, 
an energy-efficient resource allocation scheme is proposed by jointly 
optimizing transmit power and transfer duration. Numerical results 
confirm the effectiveness of the proposed scheme.
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