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Abstract

In this paper, a low‐power‐consumption massive multiple‐input and multiple‐
output (MIMO) scheme with an integrated multibeam antenna array is proposed

for the green fifth‐generation (5G) communication base stations. The referenced

antenna array includes 8 × 16 dual‐polarized antennas with Butler matrix

networks, leading to low radiofrequency (RF) complexity and low consumption.

The measured results demonstrate that the antenna array achieves four beam

clusters with a 45° coverage in elevated plane, with gain of 15.4 dBi at 3.6 GHz.

Based on this, the generated beam clusters and corresponding RF chains can be

switched independently according to the real‐time user scenario. It is analyzed

that the consumption for both RF chains and computation can be reduced with a

similar channel capacity compared with the conventional phased array. With the

merits of low complexity and low consumption, the proposed massive MIMO

scheme exhibits promising usage for green 5G base station applications.
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1 | INTRODUCTION

With explosive growth of communication demand, the
fifth‐generation (5G) wireless communication system
has been widely studied and commercialized.1–3 One of
the key technologies is the massive multiple‐input and
multiple‐output (MIMO), which utilizes large antenna
arrays at the base stations.4–7 However, as the number
of antennas significantly grows, so does the number of
radiofrequency (RF) chains, leading to a high signal
processing complexity and power consumption in the
RF devices. In the past few years, several approaches are
proposed to reduce the RF complexity and consumption
of massive MIMO systems. Spatial modulation is one
method that antenna radiation patterns are utilized for
extra transmission information.8,9 Antenna selection is

another method to reduce the RF complexity by using
less switches to control the ON/OFF state of each
antenna based on the channel state information.10–12

The method used in the commercial 5G systems is
subconnected scheme with a hybrid analog‐digital
precoding technique.13–15 However, the baseband
system still needs to simultaneously process signal from
all the chains, leading to increased computational
complexity and power consumption in baseband pro-
cessing. As another method, multibeam antenna array
generates multiple beams for different parts of coverage
area, with the reduction of computational complexity.
Some multibeam antenna arrays with Butler matrix
networks have been studied.16–18 Nevertheless, the
previous work focus on the antenna performance with
a small size of array.
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Herein, a low‐power‐consumption massive MIMO
scheme based on multibeam antenna array is proposed
for the green 5G base station. With the integrated Butler
matrix feeding networks, the proposed antenna array
reduces the RF chains by 75% compared with the
conventional phased array scheme,19 leading to low
power consumption. Based on this antenna array, four
beam clusters are switched in the elevated plane
independently, which is with the potential to further
reduce RF complexity. For example, Figure 1 depicts the
general application scenarios of the proposed beam
regulation scheme. As seen from the scenario with busy
links, all beam clusters are with all‐ON state when a
large number of users gather in the coverage of the base
station. However, when the users only gather in part
regions as shown in the scenario with leisure links,
there will be a large redundant channel capacity for the

conventional scheme. The proposed scheme intelli-
gently selects and excites several beams, leading to the
reduction of power consumption.

2 | ANTENNA ARRAY DESIGN

A modified bow‐tie antenna element is applied for the 5G
base station in the frequency band of 3.3–3.8 GHz as
shown in Figure 2A. The antenna elements are fabricated
on both sides of a 0.8‐mm FR4 substrate (εr = 4.4,
tanδ= 0.02) with a copper ground behind. A chamfered‐
square metal sidewall is located around every bow‐tie
dipole as a parasitic and decoupling structure, both
improving the impedance matching and isolation. The
active reflection coefficient of the proposed antennas can
realize −15 dB in the designed frequency band, and the

FIGURE 1 General application scenarios of the proposed integrated multibeam antenna system scheme. (A) All‐ON state for busy links.
(B) Partially‐ON state for leisure links

FIGURE 2 Design of the antenna elements. (A) The structure. (B) S‐paraments. (C) Patterns in different plane
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isolation between each two port is better than 20 dB. As
shown in Figure 2C, the proposed antennas realize a gain
of 8.7 dBi. It is remarkable that the gain will decrease by
1.0 dB when scanning to ±22.5°. To achieve high isolation
and high realized gain, and to fit the beam coverage
design, the spacing between the antenna elements is
optimized to 0.65λ0 (λ0 is the wavelength at the center
frequency of 3.6 GHz). The parameters of the antenna in
Figure 2A are given as follows: c= 1.0mm, d= 7.3mm,
h= 22.0mm, l1 = 53.0mm, l2 = 42.1mm, l3 = 20.3mm,
r= 4.5mm, φ= 60°. The structure of the Butler matrix
feeding networks is shown in Figure 3.20 The Butler
matrix feeding networks are fabricated on F4B substrate
(εr = 2.65, tanδ= 0.002) by the printed circuit board (PCB)
technique. Six crossover chips (Anaren Xinger X2BS) and
four hybrid coupler chips (Anaren Xinger 11306‐3S) are
soldered on the PCB board. Two types of integrated
feeding networks with the similar structure are used in the
proposed antenna array, named Type A and Type B. Each
network is combined of two microstrip lines PCB board
back to back. The only difference between these two types
is the adopted shifters. By using the four‐way Wilkinson
power dividers, several different shifters, crossovers, and
hybrid coupler chips, the feeding network realizes
different output phase distributions when different input

ports are excited. As shown in Figure 3A, by selecting
different networks and exciting different feeding ports,
four different output distributions with ±22.5° and ±67.5°
phase steps can be realized on the antennas, providing
four beam clusters steering at ±5.5° and ±17° in the
elevated plane.

As shown in Figure 4A, the whole antenna array
comprises 8 × 16 dual‐polarized bow‐tie crossed‐dipole
elements, 32 modified feeding networks (16 Type As and
16 Type Bs) and 64 input ports. All elements can be
divided into 16 subarrays, each of which are composed of
two feeding networks with eight elements arranged in a
column. In the elevated plane, the array is separated into
two halves. The upper half is connected with the Type A
feeding networks to generate the ±17° beam clusters. And
the lower half with Type B feeding networks generates the
±5.5° beam clusters. In the azimuthal plane, with 16
feeding ports for each beam cluster, a traditional MIMO
technique is utilized. Two metal plates are located behind
the antenna array to improve the front‐to‐back ratio. The
whole system is built out of aluminum frames with the
dimensions of 100 × 50 × 17.5 cm3. Several subarrays in
the whole array environment are measured with a high
consistency. As shown in Figure 4B, the active reflection
coefficient of each feeding port is lower than −15 dB in the
desired frequency band, which indicates good impedance
matching. The isolation between different ports on the
same feeding network exceeds 10 dB, and the isolation
between ports in different feeding networks is higher than
35 dB. The radiation patterns of different groups of feeding
ports in both planes are measured and shown in
Figure 4C. When each group of feeding ports are excited,
the main beams at ±5.5° and ±17° in the elevated plane
are generated with a realized gain of 15.4 dBi. And the
measured scan loss between different feeding groups is
1.2 dB. As for the azimuthal plane, the proposed antenna
array can realize a 3 dB coverage of 65°. The envelope
correlation coefficient of the antenna array is lower than
0.2, which satisfies the requirement in practical applica-
tion, shown in Figure 4D. The KEYSIGHT N9917A vector
network analyzer is used to measure the reflection
coefficient and the isolation of the proposed antenna
array. And the radiation patterns are measured in a
standard microwave anechoic chamber.

3 | LOW ‐POWER ‐CONSUMPTION
SCHEME

Based on the integrated multibeam antenna array, the
proposed massive MIMO scheme realizes the merits of
low complexity and low consumption. Computational
power consumption and RF power consumption are the

FIGURE 3 Design of the integrated Butler matrix feeding
networks. (A) Different output phase distribution with different
feeding ports. (B) Front view of the Type A network. (c) Back view
of the Type B network
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two main parts of base station consumption. Here, we
take the process of inverting the channel matrix as a
main example to illustrate the computational consump-
tion comparison between the proposed and conven-
tional scheme. It is assumed that the numbers of
antenna elements are the same in these two schemes.
The computational complexity of the pseudo inverse of
matrix is proportional to the third power of the channel
matrix order. In the conventional scheme with 8 × 16‐
element phased array, the received signal from all the
RF chains are required to process simultaneously,
hence the order of the channel matrix is equal to
the number of all RF chains (256). However, in the
proposed beam regulation scheme, with the integrated
Butler matrix feeding networks, the number of RF
chains processed simultaneously is reduced to a quarter
(64). Therefore, the computational consumption of the
proposed architecture is 1.56% (1/43) of that of the
conventional one. It shows that the computational
consumption in the baseband processing is greatly
reduced using the proposed architecture.

Apart from the consumption of the baseband proces-
sing, the RF consumption can be also reduced with the
proposed beam regulation scheme. As shown in
Figure 5A, in general communication scenario, the user
coverage can be divided into four parts according to the
number of beam clusters. It is worth noticing that four
beam clusters can be generated independently by
exciting different port groups. In some practical scenar-
ios, the proposed scheme achieves lower complexity in
RF chains and baseband processing. As shown in
Figure 5A, we provide four scenarios with different user
distributions in the top view. In Figure 5B, the black line
refers to the maximum communication experience rates
of users based on 5G communication standard, which
means the region above this line is redundant channel
capacity.21 Taking Scenario D as an example, shown as
the red line, the proposed scheme intelligently selects
and excites the #3 beam for the gathered users, leading to
25% power consumption compared with the all‐ON state
in the conventional scheme. When the number of users is
less than 13, the proposed scheme is enough to satisfy the

FIGURE 4 Measurement of the whole antenna array. (A) Exploded view of the array. (B) S‐parameter results. (C) Patterns in different
planes. (D) Envelope correlation coefficient of the antenna array
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user experience. As the number of users grows beyond
the black line, the average communication rate will be
decreased in our scheme, but still with the low power
consumption merits, shown as the red dotted line in
Figure 5B. So are the Scenarios B and C. However, the
conventional phased array base station, shown as
the pink line, excites all the ports together without the
consideration of the number or location of users, which
will bring a large redundant channel capacity and large
power consumption. It can be concluded that in some
practical scenarios, the proposed scheme achieves
the similar channel capacity with less RF and computa-
tional consumption compared with the conventional and
commercial schemes.

4 | CONCLUSION

In this paper, a massive MIMO multibeam antenna
array scheme with low power consumption is proposed
for the green 5G base station applications. With the
integrated Butler matrix feeding networks, the pro-
posed antenna array consists of 128 dual‐polarized
antennas but only 64 feeding ports, which reduces the

RF complexity and consumption. By exciting the
different ports on different types of feeding networks,
four beam clusters at ±5.5° and ±17° are generated
with a coverage of 45°. Moreover, the proposed scheme
switches the ON/OFF state of each group of RF chains
according to the real‐time scenario, which further
reduces power consumption. Overall, the proposed
integrated massive MIMO scheme with beam regula-
tion reduces the power consumption from baseband
processing and RF chains, exhibiting promising poten-
tials for green 5G base stations.
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FIGURE 5 Communication analysis of the proposed scheme. (A) General communications scenario and the consumption performance.
(B) Channel capacity performance
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