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Abstract 
 
There is an increasing rise in wireless data demand. This is creating a 

significant thrust on existing networks. Fortunately there is an alternative to 

this demand. It is to switch the focus to sub-6-GHz spectrum to meet out the 

escalating need. Sub-6-GHz spectrum is extremely effective at delivering 

wireless services at long distances in a highly effective way. It meets the 

need for wide area coverage and data rate upto a few Gbps. Beamforming is 

the only solution for more coverage, more users and more bandwidth. In 5G 

networks, millimeter wave communication is achieved by the hybrid 

transceivers. In this hybrid beamforming design, the high dimensional analog 

phase shifter and power amplifiers are combined with lower dimensional 

digital signal processing units. Hence it is a highly cost effective and energy 

efficient design method to facilitate 5G wireless communication. 
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1 Introduction 
 

Wireless technology usage has risen dramatically in this century. This 

has paved the way for worldwide wireless congestion. As the current 4G 

technology suffers few setbacks already, it is not likely to tackle the novel 

technical complications of the future. 
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So, there is an immediate need for enhancement and expansion in 

wireless connectivity. Taking into consideration, the rapidity and magnitude 

of data processed globally, fifth generation provides a fitting alternative to 

the existing scenario [1]. Fifth generation offers a host of benefits, in which, 

accessibility irrespective of place and time stands the foremost and 

significant. Other merits include minimization in energy consumption (to 

approximately 90%) and tremendous battery life. It speeds up data processes 

with its high bandwidth of 3 – 300 GHz mm (millimeter) wave per unit area. 

With a massive number of connected devices across the globe, it propels the 

world to progression. 

 

 
              

Figure 1 Millimeter Wave beamforming applications in 5G 
 

Figure 1 indicates Internet of things, Internet of vehicles, D2D (Device to 

Device) and M2M (Machine to Machine) communication, smart homes and 

cities are the upcoming arenas in 5G wireless communications [1]. While a 

little proportion of mm wave has a transmission speed of about 100 times 

against ordinary data rate, a large proportion of mm wave unlocks a whole 

new world of mobile communication. The financial sector seeks 5G for its 

prompt and speedy growth as it addresses the bandwidth inadequacy issue.  

Enterprising business ventures will be fuelled by 5G as strong and fast 

computing is the need of the hour. In short, consumers of digital data all over 

the world will be enormously impacted by millimeter wave transmission [2]. 

 

2 Beamforming 
 

2.1 Analog and Digital Beamforming 
 
Beamforming is a signal processing technique adapted specifically in 

fifth generation mm wave at both transmitting and receiving ends for spatial 

selectivity. It is just a bounding of signals from different sources. This 

process enlarges signal thereby reducing noise. It alters amplitude and 

supports power variation. Changing the angle of the main lobe of a radiation 

pattern (Beam  
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steering) is also done in required directions. The amplitude (phase variation) 

is applied to analog signal at transmit end in analog beamforming. At the 

receiving end, the signals from various antennae are totaled before ADC 

(Analog to Digital conversion). The amplitude/ phase variation is applied to 

the digital signal before DAC (Digital to Analog conversion) at transmit end 

in digital beamforming [3]. After ADC&DDC operations are done, the 

reverse process is performed. Analog beamforming is an economical process 

that helps a sole single user with one spatial system. Digital beamforming, 

comparatively, has greater range and flexibility but is high priced as there are 

numerous radio chains [4,6]. The significant demerit of analog beamforming 

is that there is numerous inalterable beams. In digital beamforming, the 

problem lies in its high intricacy and consumption of heavy energy. 

 

 
 

Figure 2 Beamforming and Precoding 
 

Figure 2 clearly depicts that beamforming and precoding make use of 

antenna arrays to send various signals that are directed spatially to a receiver. 

The received signals together are summed up to maximize the received SNR 

(Signal to noise ratio gain) by various scale factors. The resultant of the 

above mentioned process is beamforming gain [6]. There is a variation in the 

error probability slope that results from beamforming. This is termed as 

diversity gain. 

 

2.2 Array Beamforming 
 

Array beamforming techniques produce many beams that are available at 

the same instant. The beams are made to consist high gain and low side 

lobes, or controlled beam width.  

Adaptive beam forming techniques dynamically adjust the array 

prototype to optimize some characteristic of the received signal. The nature 

of the received signal is optimized in adaptive beamforming. In this 

technique, the array pattern is arranged or adjusted dynamically. The 

direction of a main beam in an array is directed through incessant variation or 

using small individually separate and distinct steps in beam scanning. 
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Antenna arrays that utilize adaptive beamforming techniques deny 

signals having a different direction from that of the expected one. Multi 

polarized arrays also deny interfering signals that deviate from the desired 

polarization states though they carry the desired direction in arrival [7]. 

To augment the quality of wireless communications, the above 

mentioned potential could be manipulated. 

 
 

Figure 3 Beamforming for Phased Array 

 

An array is made up of multiple antenna elements that are interconnected 

electrically and prearranged spatially to make a radiation pattern in a certain 

direction as indicated in Figure 3. The antenna elements possess an 

interconnectivity which is termed the feed network. This determines the 

phase for each element and can produce a phased array [8]. The amplitudes 

(phases) of the feed network are arranged to optimize the received signal in 

optimum/adaptive beamforming. The performance of an array is directly 

proportional to the configuration, forms and positioning and diffusion of 

antenna elements.  

Proposed a technique to find breast cancer using antennas. And antennas 

are arranged as array, Implemented candlestick pattern for stock exchange 

analysis using deep learning techniques . 

 

2.3 Hybrid Beamforming 
 

While Analog beam forming uses phase shifters to direct the same signal 

in each antenna and Digital beamforming (also precoding) is a combination 

of antenna technology and digital technology, Hybrid beamforming uses both  
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digital beam forming and the RF analog beamforming. Digital beamforming 

has the DAC at TX side and ADC at the RX side, whereas the analog 

beamforming contains phase shifters network [9]. In simpler terms, Hybrid 

beamforming is done by combining both analog beamforming and digital 

beamforming. As Figure 4 indicates the precoding process is applied to both 

analog domain and digital domain, Hybrid beamforming is implemented in 

mm wave based 5G networks. Hybrid beamforming minimizes the effect of 

interference and noise due to uncircumscribed antennae pathway. 

Hybrid beamforming can sufficiently and intelligently tackle enormous 

coverage, innumerable users and a huge bandwidth. Hybrid beamforming is a 

low priced, economical and energy optimizing method. 

Hybrid beamforming has thrown open new avenues for cellular 

expansion by the very fact that it makes users realize fifth generation to its 

fuller potential. It also actualizes goals for high and quick data rates. When 

high latency networks have been slowing down significant businesses, 

Hybrid beamforming provides real time access to rapid data alteration with 

reduced latency [9]. This combination of analog beamforming and digital 

beamforming is a highly preferable choice in enhancement of data process 

and antenna systems. 

 
                   Figure 4 A Sub-Connected Hybrid Beamforming Architecture  

 

Hybrid beamforming has extreme flexibility with number of beams 

and nulls. Number of beams can be changed dynamically without 

changing the hardware. 

 

3 Antenna Patterns 
 

Antenna designs are of paramount importance in 5G networks.  For 

wireless communication to be accessible irrespective of space and time, 

tapping the full potential of mm Wave frequency is required. In setting up  
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antennas, cost of design, profitability and complexity of systems are the 

parameters. That is why SDMA (Space Division Multiple Access) is 

proposed as a channel access method in smart antenna systems [10]. It 

optimizes coverage area by making use of the same set of frequencies again. 

In SDMA, different beams use the same channel. This reduces co-channel 

interference. As indicated in Figure 5, Vertical planar sub arrays steer the 

beams in horizontal plane by varying the weights associated with sub array 

elements. There are different possibilities to arrange an antenna sub array. 

They are circular, planar and segmented arrangements. 

 

 
 
    Figure 5 Sub Array Management for Hybrid Beamforming in Millimeter Wave 

 

Better coverage of circular sub array makes it suitable for wireless 

communication, as curvature allows wider beam steering, with limited angle 

range. Planar configurations have better directivity. Segmented 

configurations can be designed to achieve necessary level of directivity and 

scan angle. Horn antennas provide high power output for   BS (Base Station). 

But space and size are major impediments at mobile design. Hence small 

patch antennas are suitable for mobile communications. For effective sub 

mm-Wave communication TSA (Tapered Slot Antenna) is suitable [12]. The 

performance characteristics of TSA have wide band, medium gain and low 

side lobes.  

 

4 Conclusion 
 

This paper gives a brief review of mm wave, beamforming methods and 

antenna patterns which lays the basis for the future of wireless 

technology.D2D (Device to Device) and M2M (Machine to Machine) 

communication, smart homes, cities and agriculture, Health care, Finances 

and Businesses will be enormously impacted and supported by the 

comprehensive 5G systems. Hybrid beamforming is suggested as the 

paradigm shift in cellular revolution with its extreme flexibility, reduced 

latency and high data rates. Hybrid beamforming is proposed to make the 

most of coverage in and around the 3.5 GHz band. Antenna rays generate a 

large gain that compensates the path loss due to high frequency waves. Our 

intention is to propel the future to quick and steady progress using Hybrid 

beamforming in 5G mm wave wireless communication. 
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