IJSRD - International Journal for Scientific Research & Development| Vol. 12, Issue 5, 2024 | ISSN (online): 2321-0613

An Overview and Analysis of Milimeter Wave Hybrid Beamforming

Ms. Ankita R. Sabal® Mr. Rahul M. Patil?
12Department of Electronics and Telecommunication Engineering
12Gangamai College of Engineering, Nagaon, Dhule, India

Abstract — Based on exploiting a large number of mobile
communication's accessible spectrum resources, millimeter-
wave (mm-wave) technology is a viable method to improve
the network capacity and coverage of next-generation (5G).
Enhancing and using mm-wave beamforming channel
propagation characteristics is necessary to improve the 5G
network. Given the influence of mm-wave propagation
channels' inadequate route loss, delay spread, and penetration
loss, achieving high data rates continues to be difficult. High
cost and energy usage provide additional difficulties that need
merging analog and digital beamforming (hybrid
beamforming) to lessen the quantity of radio frequency (RF)
chains. The distributed powers in the tiny cell were presented
in this study as a way to decrease high cost and energy
consumption while suppressing route loss by defining a
significant power and managing the distributed power. In
mm-wave technology, hybrid beamforming makes use of a
wide bandwidth to lower the significant path loss in Rayleigh
fading channels. Reducing the quantity of RF chains and the
dispersed number of users is also necessary to achieve the
trade-off between RF chains' energy consumption and cost
effectiveness. This study concludes that huge multiple input
multiple output (MIMO) systems with hybrid beamforming
provide a potential foundation for developing and using 5G
networks.
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I. INTRODUCTION

As a result of the wider bandwidth in the mm-wave frequency
bands, massive multiple-input multiple-output (MIMO)
antennas are moving towards the millimeter-wave (mmwave)
to raise high data rates and improve spectral and energy
efficiency. The large number of transmitter and reception
antennas is necessary to achieve the high multiplexing gains
[1]. In order to achieve lower prices and traditional energy
efficiency, 5G wireless communication systems must
increase the amount of huge data to active users. Utilizing
massive MIMO methods to concurrently broadcast the signal
from the base station (BS) to active users (UEs) at the same
frequency is necessary for the increased spectral efficiency.
Additionally, because to small-scale fading, more antennas
make it possible to increase the data stream to a high value in
each cell and simplify signal processing. Massive MIMO
systems can help 5G achieve its goal of improving wireless
communication 1,000 times by 2020 for intelligent wireless
facilities like high video streaming, cell transmitting, and user
equipment and user equipment data traffic by lowering
interference and noise at the edge cell and lowering the power
consumption of a digital to analog converter (DAC) that
increases as a result of using large antenna arrays.
Radiofrequency (RF) chains' linear amplifier and control gain
must be computed using a sample of one-bit ADCs that use
just a few milliwatts [2]. Using a hybrid analog-digital
architecture, the performance of the digital array and cost
effectiveness of analog arrays may be enhanced by reducing

the necessary transmission energy by making the number of
RF chains lower than the number of antennas. One of the
difficulties with supplying an independent RF chain for each
antenna is using big antenna arrays with the expensive and
high power-consumption mixed hybrid signal components.
Hybrid multiple antenna transceivers combine high analog
with low digital processing and may cut hardware costs.
Analyzing the diversity order for the number of antenna
elements for hybrid beamforming may be used to determine
the effective number of RF chains [3], [4].

Il. HYBRID BEAMFORMING CHANNEL

By using mm-wave beamforming to lower the high path loss,
large channel bandwidth and strong communication
connections are assessed. High data traffic is satisfied by the
vast mm-wave frequency band, which covers the range of 10
GHz to 300 GHz. When applying the directed gain that is
advantageous to several half-wavelengths that are spread out
antennas into a compact region, the tiny wavelength for mm-
wave may reduce attenuation and enhance capacity. Diversity
gain and multiplexing gain must be used to achieve the high
attainable capacity and improve bit error rate, while antenna
gain is necessary to reduce co-channel interference and
increase the signal to interference noise ratio. Utilizing
attainable line-of-sight in a small cell and utilizing fewer
multi-path signals for uplink and downlink in a multi-tier
heterogeneous system are both necessary for suppressing
route loss [5]. To minimize the route loss with directed
transmission, mm-wave massive MIMO employs high
directional beamforming for a large number of antenna
arrays. Users may see higher data rates when channel
estimation is done using complete channel information and
hybrid beamforming. A high bandwidth is used by mm-wave
hybrid beamforming to alleviate the significant route loss in
Rayleigh fading channels. When the channel response vectors
between UEs are orthogonal, the uniform antenna array
radiation patterns may reduce the interference power for
SINR and enhance the attainable data rates. Additionally,
adopting digital precoding to reduce co-channel interference
from various UEs and using traditional low RF chains will
help mitigate inter-beam interference. Because the whole
channel information utilized in mm-wave beamforming is
expensive and requires considerable power consumption, it is
challenging to produce a satisfactory channel [6]. Combining
analog and digital beamforming to produce customary low
RF chains and low power consumption is difficult with hybrid
beamforming. Based on the assumption of a model for the
propagation channel in hybrid beamforming massive MIMO,
the reciprocity in [7] is utilized to estimate channel state
information in the downlink. Based on the reverse channel
estimate technique, the correct channel may be obtained in
[7]. Based on establishing the nearly optimum linear hybrid
beamforming to a generic channel, the hybrid beamforming
in [8] proposes optimizing the baseband capacity. In this
study, typical low RF chains were provided with distributed
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powers in the tiny cells to decrease route loss depending on
state, and the distributed power was controlled for millimeter
wave with minimal complexity.

I1l. MILIMETER WAVE PROPAGATION

In order to create an accurate channel model for the 5G
network for wideband wireless cellular networks, mm-wave
channel propagation is a crucial approach. Due to excessive
route loss, delay spread, and penetration loss, mm-wave
channel characteristics are insufficient. While non-line-of-
sight requires a huge high-frequency to reduce penetration
loss, the high directional gain antenna is utilized to reduce
high propagation loss. In a free space route loss, line-of-sight
(LoS) is proportional to the square of the carrier frequency.
In order to reduce propagation loss inside the mm-wave
frequency spectrum, which spans 20 GHz to 300 GHz, a high
directional gain is necessary. However, since directional
antennas are utilized, the used route loss at combination mm-
wave with the device to the device results in very little user
interference. High capacity in a cellular network and
significant protection against eavesdropping are two features
of a device that combines mm-wave technology [9]. When a
user within a building transmits a signal via a building wall
to connect with an outside base station, there is a substantial
penetration loss that degrades both the data throughput and
energy use. To achieve a high data rate and short range, the
high-frequency band is projected to accommodate 10 Gh/s as
60 GHz. In contrast to the United States, where the band
range is from 57-64 GHz, and Japan, where the band range is
from 59-63 GHz, Europe uses the band range from 57 GHz
to 66 GHz [10]. Due to multipath propagation, small-scale
fading is produced, and the path loss is dependent on signal
power loss, which typically follows the power in the
propagation. medium. Authors in [11] presented a new
channel model based on accessible three-dimensional of the
3GPP 3D channel models to enable 5G networks for bands
up to 100 GHz. While the authors in [12] suggested two
distinct frequency bands from 2 to 28 GHz and 2 to 73.5 GHz
in an urban-macro context to forecast route loss at various
distances. When a signal is sent across a channel, the route
loss reduces the power density, which is represented by the
expression [13].
Qt
Qa» = 1010g1oa
where QT is the transmit power, and QRis the
received power. The power in propagation medium for
distance and wavelength can be written as

0.(d, 1) = Gt.Gr (ﬁ)

where Gt is antenna gain for the transmitter, Gr is
the antenna gain for the receiver, A is the wavelength and d is
the distance between transmitter and receiver. Due to the very
small wavelength, several antenna arrays may be used to
provide sufficient beamforming gains, and the path loss is
inversely proportional to the propagation distance.

There are two best approaches to this field of
research. In order to obtain high spectral efficiency, mm-
wave channel model research was first conducted. The
authors in [14] performed mm-wave based on distributed sub-
array architecture and compared mm-wave massive MIMO
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systems with various distributed antenna arrays. In order to
obtain high performance, the author's study in [14]
concentrated on asymptotical maximum multiplexing gain
analysis. Table 1 demonstrates that several studies that used
the estimated channel were able to attain great spectral
efficiency. The uniform linear array (ULA) and three sub-
ULA configurations in base stations (BS) were researched by
the author in [15] in order to increase spectral efficiency and
reduce inter-user interference. While writers in [16]
investigated spectral efficiency utilizing learning, mm-wave
massive MIMO was able to achieve great spectral efficiency
for successful hybrid precoding. Using concentration
capacity analysis for the combined non-orthogonal multiple
access (NOMA) approach with mm-wave-massive MIMO
systems, the authors of [17] concentrated on a condensed
mm-wave channel. The author in [17] enhanced the capacity
to attain high spectral efficiency based on the capacity
analysis.

IV. LOW-COST HYBRID DIGITAL-ANALOGUE BEAMFORMING
FOR MULTIUSER MASSIVE MIMO

By using digital beamforming precoding methods, hybrid
beamforming approaches make use of a huge MIMO system's
full capability. By sending a large number of antennas and an
analog to digital converter, the proposed hybrid beamforming
reduces the hardware complexity and enhances the channel
by lowering the number of RF chains.

By reducing the amount of multiplexed symbols,
hybrid beamforming techniques may be made smaller. The
hybrid beamforming approach has two components. Analog
precoders or decoders make up the second component,
whereas digital precoders or decoders make up the first. An
average sum-rate based on employing hybrid analog-digital
beamforming may be obtained by simultaneously enhancing
the digital precoders and combiner by taking use of a lower
bound [18]. In [18], the mmwave introduced a hybrid RF
chain by recommending hybrid beamforming, which
employs standard digital beamforming while using a much
smaller number of RF chains to minimize circuit power
consumption. When compared to a big MIMO system, the
mm-wave approach usually uses fewer RF chains and fewer
transmit antennas. Fewer RF chains must be used when
sending baseband precoding in order to optimize the design
of hybrid analog/digital beamforming; however, baseband
decoding may be used after receiving the signal in the uplink
to provide low-cost hybrid beamforming. Additionally,
digital baseband beamforming may be used with
microprocessing, and analog RF chain beamforming might be
applied to obtain a high data rate by employing phase shift
[19]. By utilizing a large MIMO baseband precoding
technique, as illustrated in Fig. 1, it is possible to avoid
dedicating an unconnected RF chain for every antenna, hence
lowering the high cost and power consumption of combined
signal components. Critical designs for RF beamforming
include baseband and RF chains. It is possible to get the joint
optimization RF chains with fewer RF chains than with more
transmit antennas. While the minimal mean square error
(MMSE) of the information route and its assessment under
power restrictions is reduced in order to improve the
baseband beamforming Every antenna for the analog signal
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Fig. 1: Hybrid analogue-digital architectures in a massive MIMO channel

The connection depends on every RF chain being
connected with all antennas at transmitting a signal for all
antenna digital transceivers to decrease circuit power
consumption due to the power amplifier, data converter,
mixer, and phase shifter. Low-cost hybrid digital-analog
beamforming is essential to reducing hardware complexity.
By increasing the number of antennas per RF chain
transceiver to increase energy and spectrum efficiency, the
complete connection is more practicable to deliver high
complexity beamforming gain. According to [21], a smaller
number of RF chains and a dispersed distribution of users are
necessary to achieve the trade-off between RF chains' energy
consumption and cost effectiveness. In contrast, sub-
connection for hybrid beamforming relies on the impartiality
provided by employing several antenna arrays to provide
multiplexing gain in mm-wave.

V. CONCLUSION

In order to improve spectral and energy efficiency, this article
introduces massive MIMO with mm-wave beamforming.
This article looked at many ways to reduce co-channel
interference, increase signal-to-interference ratio, and
increase energy efficiency. The employment of a large
number of transmit antennas, the use of a small number of RF
chains, and channel improvement are all possible with hybrid
beamforming. This article also included low-cost hybrid
digital-analog beamforming for multiuser massive MIMO,
which lowers the high cost and energy consumption by
employing minimum transmit power limits to simplify each
RF chain's hardware. A high bandwidth may be used by

reducing a significant route loss in a Rayleigh fading channel
based on enhanced hybrid beamforming in mm-wave. The
conversation made it abundantly evident that hybrid massive
MIMO systems have a great chance of achieving the energy
efficiency standards anticipated in 5G cellular networks.
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