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ABSTRACT

his research analyzed the performance of hybrid

beamforming in a 256 x 256 Massive MIMO system,

which aimed to reduce energy power consumption by

applying two methods: Regularized Zero Forcing and

Phased Zero Forcing. The approach used was an
experimental method simulated through MATLAB software to
evaluate the performance of hybrid beamforming using both
methods. Based on the simulation results, the RZF and PZF
methods achieved the target Bit Error Rate (BER) of 10 at
Signal-to-Noise Ratios (SNRs) of 9.8 dB and 10 dB,
respectively. In comparison, the system without hybrid
beamforming required an SNR of 11.5 dB to achieve the same
performance. These results showed that hybrid beamforming
with the RZF method was more effective in improving the
performance of Massive MIMO systems, as it had a
regularization factor that helped balance between signal gain and
interference suppression. Thus, the implementation of RZF in
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hybrid beamforming was identified as a potential solution to
optimize wireless communication performance. This research
provided a basis for the further development of 5th-generation
communication technology and beyond, where massive MIMO
and hybrid beamforming are crucial technologies. The results of
this analysis could be applied to designing 5G networks to
ensure high capacity and reliability.

INTRODUCTION

The increasing number of users and devices connected to
communication networks had led to a growing demand for
greater network capacity, higher data speeds, and more reliable
connectivity. To optimize user experience, signal quality needed
to be improved year over year. This was achieved through 5G
technology, the latest generation in wireless communication,
which was designed to meet users' needs for higher data speeds,
lower latency, and more reliable connectivity compared to
previous generations (Dangi et al. 2021). One of the key targets
of 5G technology was the use of massive multiple-input
multiple-output (MIMO). By utilizing a large number of
antennas at transmitting and receiving stations, Massive MIMO
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simultaneously transmitted data to multiple devices (Hojatian et
al. 2021; Kassam et al. 2020). This capability significantly
increased network capacity and improved spectral efficiency,
which was crucial for supporting 5G-based services (Trikolas et
al. 2022).

However, the implementation of Massive MIMO required more
complex infrastructure, including additional hardware to support
numerous antennas, resulting in increased power consumption,
particularly at the base station (Gani 2023). To address this
issue, Hybrid Beamforming techniques were introduced. Hybrid
beamforming was an antenna system design technique that
combined analog and digital elements to reduce energy
consumption caused by the use of massive MIMO (Usman and
Irwan, 2019). By simultaneously incorporating analog and
digital components in hybrid beamforming, signals were
processed efficiently by leveraging the advantages of each
(Payami et al. 2019). In the analog section, signal processing
was performed using phase shifters and attenuators, allowing
effective signal direction control with lower power consumption
(Sheemar et al. 2022). On the other hand, the digital section
provided greater flexibility in signal manipulation, such as
performing complex precoding or decoding (J. Zhang et al.
2020).

One challenge of massive MIMO technology was the occurrence
of inter-user interference caused by the large number of antennas
used (Putra et al. 2023). PZF and RZF provided solutions to
manage complex inter-antenna interference. In the context of
hybrid beamforming, these methods served as two main
approaches to address the problem of interaction between
antenna elements. PZF aimed to eliminate interconnections
between antennas, while RZF used a regularization approach to
improve overall system performance (Albreem et al. 2019).

A study on the performance analysis of multi-user massive
MIMO hybrid beamforming systems at millimeter wave
frequency bands (Dilli 2021) analyzed the performance of
hybrid beamforming in massive MIMO multi-user systems with
4 and 8 users, using OFDM and M-QAM modulation schemes
(16-QAM, 64-QAM, 256-QAM), zero-forcing method, and
antenna configurations of 64 BS, 128 BS, and 256 BS. The
parameter tested was the RMS EVM value against the number
of users. The results showed that increasing the number of
independent data streams per user led to a decrease in RMS
EVM values. The use of 256 BS and 128 BS antenna
configurations was found to be more suitable for multi-user
applications as it improved the quality of system transmission
by lowering RMS EVM values.

However, the study conducted by (Dilli 2021) only used one
precoding method, zero forcing, in the hybrid beamforming
system. This research employed two precoding methods in the
hybrid beamforming system: PZF and RZF to analyze the
performance of hybrid beamforming in massive MIMO
technology using a 256 x 256 antenna configuration with QPSK
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modulation. The parameter tested was Bit Error Rate (BER)
against Signal-to-Noise Ratio (SNR).

METHODS

This research uses a type of quantitative research with an
experimental approach. We conducted a trial to determine the
performance of hybrid beamforming using massive MIMO 256
x 256 using the PZF precoding and RZF precoding methods.
The design process and performance testing were measured and
analyzed using Matlab R2020a software. Then, the results were
obtained as a BER value against SNR as a parameter in this
study. Then, an analysis was carried out regarding the results
obtained. This research was conducted following the procedure

shown in Figure 1.
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Figure 1: Flowchart of the research

Figure 2 shows the design to determine the performance of
hybrid beamforming on massive MIMO using the PZF and RZF
methods from the sender and receiver sides. This arrangement
refers to (Dilli 2021) system block as shown in Figure 3. Figure
3 is a block diagram of a massive MIMO 256 x 256 hybrid
beamforming system which involves the process of transmitting
and receiving data.
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RESULTS AND DISCUSSION

Massive Multiple Input Multiple Output (MIMO)

Massive MIMO is a wireless communication technology that
combines a large number of antennas at base stations or access
points with fewer terminal devices (user devices) (Bindle et al.
2021). Its primary objective is to enhance capacity and spectral
efficiency in cellular communication systems, particularly in 5G
networks. (Abdelfatah et al. 2022; Akrout et al. 2023; Ammar et
al. 2022; Bjornson et al. 2017; Borges et al. 2021; Chataut and
Akl, 2020; Elhoushy et al. 2022; Figueiredo, 2022; Guo et al.
2022; Khwandah et al. 2021; Marzetta and Thomas L, 2015).
Massive MIMO antennas typically range from tens to hundreds
in number. This study uses a 256 x 256 antenna because it can
significantly increase network capacity. This site also allows
users to study the effects of using hybrid beamforming on a large
scale while providing results that are more relevant to real
situations. Several previous studies have not used many
antennae of this size. Figure 3 illustrates the system architecture
of massive MIMO.
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Figure 4: Architecture of Hybrid Beamforming

Hybrid beamforming combines the use of digital and analog
techniques simultaneously, as illustrated in Figure 4. The stages
within digital and analog beamforming can be explained as
follows.

(1). Digital Precoding

In this stage, the baseband signal from the input data is digitally
processed and optimized before transmission through the
antennas. Subsequently, digital precoding is applied to the signal.
(Rezaei and Tadaion, 2019). Digital precoding involves
calculating weights that are applied to the signal to reduce inter-
user interference and enhance transmission efficiency based on
estimated Channel State Information (CSI). This process
involves operations in the digital baseband domain. (Li et al.
2021). This research employs the techniques of RZF and PZF.

RZF is a variation of zero-forcing precoding that is modified by
adding a regularization component that aims to overcome some
disturbances that may occur when using ZF precoding, such as
sensitivity to errors in the channel (Kebede et al. 2022; Nguyen
et al. 2019). This regularization helps balance noise reduction
and signal conditioning requirements, resulting in better
performance than ZF precoding. Mathematically, it can be
represented by equation (1).

Wizr = B(HH? + al)™* HY
M

where, Wrzr is the RZF precoding matrix, f is the power
normalization parameter, « is the regularization factor, H is the
channel matrix, and /; is the identity matrix

PZF is a precoding technique used to minimize interference. By
considering antenna phases, PZF can better direct power,
enhance received signal strength, and reduce power transmitted
in undesired directions (Kebede et al. 2022). Mathematically, it
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Figure 3: The architecture of massive MIMO

Hybrid beamforming

Hybrid Beamforming is a method that combines digital and
analog beamforming techniques in its application. This method
is used to address the hardware complexities that arise in the
implementation of massive MIMO (Hussein and Kivang Tiireli
2023; Lietal. 2019; J. Zhang et al. 2020). Hybrid Beamforming
plays a crucial role in improving throughput and reducing power
consumption in wireless communication systems, especially in
the deployment of massive MIMO (Hamid et al. 2023). Figure
4 illustrates the architecture of hybrid beamforming.
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can be represented by equation (2):

Wezr = ng(I'Isqu'lgq)_l)L
@

where A is the positive diagonal matrix for the power
normalization of columns, Heq is the Channel matrix, and H{,'{I
is the Conjugate transpose of the channel matrix

(ii). RF Analog

These RF signals serve as input for the analog beamforming
process. The incoming RF signals are distributed to each antenna
element within the antenna array. Subsequently, the RF signals
are calculated using equation (3):

Xrr = FrrSpaseband

3

where Xpp is the Vector of RF signals transmitted by the
transmitting antenna, Fgp is the Precoding matrix in the RF
domain, and Sy 4sepang 1 the Baseband signal vector

Results

The test scenario in this research is to compare the performance
of the RZF, PZF, and without hybrid beamforming methods.
Then an analysis was carried out regarding the performance of
each method which was measured by BER against SNR and
coding gain value. The hybrid beamforming simulation results
using the RZF, PZF, and without both methods are shown in
Figure S. This figure shows that the hybrid beamforming
communication system using the RZF, PZF, and without both
methods can achieve a BER target of 104,
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Figure 5: Simulation of massive MIMO 256 x 256 hybrid beamforming

The blue line depicts the simulation results using the RZF
method, the green line depicts the simulation results using the
PZF method, and the red line depicts the results without hybrid
beamforming. In the massive MIMO 256 x 256 simulation
without hybrid beamforming and precoding methods, an SNR of
11.5 dB is required. In comparison, the simulation using the PZF
method only requires an SNR of 10 dB, while the simulation
using the RZF method requires an SNR of 9.8 dB to achieve the
target BER of 10

The detail of the SNR value to achieve BER target 10 can be
seen in Table 1.

Table 1: SNR value to achieve BER target 10-4

Precoding SNR values Coding Gain
Without Precoding 11.5dB Reference
RZF 9.8 dB 1.7dB
PZF 10 dB 1.5dB

Discussion

Based on Figure 5, the RZF method achieves a target BER of 10
4at an SNR value 0f 9.8 dB with a coding gain of 1.7 dB. Coding
Gain is the enhancement (additional power) produced by the use
of RZF and PZF coding. This represents the best achievement
compared to other methods, as the RZF method has a
regularization factor that can be seen in equation (1) to help
balance between signal amplification and interference
suppression. With the addition of this factor, it can reduce the
impact of noise in maintaining better signal quality and
decreasing BER (Kebede et al. 2022).

The PZF method achieves the BER target at an SNR value of 10
dB, slightly higher than RZF, but still more efficient compared
to not using hybrid beamforming at all. The use of the PZF
method has a coding gain difference of 1.5 dB. From this data,
the performance of the PZF method is not more effective than
the RZF method in reducing BER, but it is still better than that
of not using hybrid beamforming. The PZF method works by
modifying the phase of the signals sent from each antenna so
that the interference between these signals cancels each other out
at the receiver's end. This results in a received signal that is much
better compared to not using hybrid beamforming, although it is
not as optimal as the RZF method. The PZF method has a lower
computational level compared to RZF and is simpler to
implement in systems (Kebede et al. 2022).

Meanwhile, without using hybrid beamforming, the new target
BER is achieved at an SNR value of 11.5 dB, indicating that
without the hybrid beamforming technique, the system requires
a higher SNR to reach the desired BER. This proves that the use
of hybrid beamforming can provide better performance
compared to those that do not use it (Singh and Joshi, 2021).

This indicates that hybrid beamforming, particularly with the
RZF method, is very effective in improving BER performance
in modern communication systems.

The system designed in this research can be categorized as 5G
communication, where the BER value concerning SNR meets
the standards for 5G communication set by the 3rd Generation
Partnership Project (3GPP) TS 38.211 version 16.2.0 Release 16.
A system can be considered 5G if the BER value reaches 107
In this study, it has been proven that hybrid beamforming using
the RZF and PZF methods is capable of reducing power
consumption in the implementation of massive MIMO 256 X
256.

CONCLUSION

The use of the RZF method and the PZF method has an impact
on the hybrid beamforming system of massive MIMO 256 x 256
to reduce interference and errors. Among the two, the RZF
method is the one with the best performance compared to the
PZF method. This is evidenced by a coding gain of 1.7 dB.
Meanwhile, the use of the PZF method is not better than the RZF
method, as shown by a coding gain of 1.5 dB. On the other hand,
the use of hybrid beamforming also impacts the communication
system by reducing interference among massive MIMO
antennas. This is demonstrated by the graph results, which show
that without hybrid beamforming, the required SNR value is the
highest among the RZF and PZF methods, at 11.5 dB. The use
of precoding RZF and PZF also reduces the power consumption.
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