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With the increase in demand for high data rates and high bandwidth because of multiple users all over the globe, the technology has moved toward the next-generation of wireless communication. This rapid advancement of wireless communication technologies has led to the emergence of 5G networks, which promise significantly higher data rates, lower latency, and enhanced connectivity. Researchers believe that five essential techniques can enable 5G. Beamforming is one of those essentials, as it plays a vital role in achieving reliable and high-capacity communication. This review article portrays a comprehensive analysis of the 5G beamformer Microstrip Patch Antenna array techniques for communication systems. The paper comprises of a deep overview of the fundamental concepts and principles of beamforming, including analog, hybrid, and digital beamforming techniques. It explores the advantages and disadvantages of each approach and discusses their suitability for 5G applications. An in-depth examination of various beamforming techniques employed in 5G, encompassing traditional beamforming, massive Multiple-Input-Multiple-Output beamforming, hybrid beamforming, and adaptive beamforming. The discussion encompasses the strengths, weaknesses, and performance trade-offs of each technique, along with their applicability in diverse deployment scenarios and applications. The review of multiple couplers that are used for the feeding of the antenna is discussed with included hybrid coupler, Wilkinson power divider, branch line coupler, and butler matrix in beamformer smart antenna for 5G/6G communications. Numerous beamforming techniques are compared based on their merits, demerits, and applications. Moreover, the dielectric substrate utilized to design the beamformer was also reviewed. The findings presented in this paper serve as a valuable resource for the researcher, scholars, and engineers working in the field of 5G wireless communications and antenna designing, facilitating the development and deployment of efficient and robust beamforming solutions for future 5G networks.
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1 INTRODUCTION
Around the globe, the increase in high data rates and compact electronic devices are dramatically increasing and the technology emerging beyond the fifth generation (5G) has started in different areas of the modern domain (Wang et al., 2017; Guo and Ziolkowsk, 2021). 5G consists of drastically enhanced high data rates, low latency, massive connectivity, and game-changing new applications (Ahmed et al., 2018). Five essential technologies can enable the fifth generation which is dependent upon small cells, beamforming, full-duplex, multiple input multiple output MIMO, and mm-Wave. Beamforming, MIMO, and mm-waves play a vital role in enabling 5G. Furthermore, mm-waves can be generated using the radiator responsible for propagating EM waves into the air, for enhanced connectivity, an antenna is a key element in the communication system as the rapid expansion of technology in modern radio systems, such as those meant for 5G networks operating at sub-centimeter and millimetre-wave frequencies (Yu et al., 2018). An antenna has the essential responsibility of converting electrical signals into electromagnetic waves, and vice versa. When an alternating electrical signal is applied to an antenna, it creates an oscillating electric and magnetic field. This generates electromagnetic waves which radiate out from the antenna into space. In the literature, different types of antennas are investigated. Dipole Antenna: A dipole antenna is the simplest category of antenna and consists of two conductive components, often in the form of wires or metal rods, placed parallel to each other. Dipole antennas are commonly utilized for radio and television transmissions (Patil and Popalghat, 2016). Loop Antenna: A loop antenna is a simple antenna that consists of a loop of wire or metal rod. Loop antennas are commonly used for radio reception in portable devices such as AM/FM radios. Yagi Antenna: A Yagi antenna is a directional antenna consisting of several elements arranged in a specific pattern (Huitema and Monediere, 2012). Yagi antennas are generally employed for television receiving and transmission, as well as in wireless communication systems (Saeed and Nwajana, 2021). Patch Antenna: A patch antenna is a flat, rectangular antenna that is regularly exploited in wireless transmission systems, such as Wi-Fi networks (Yang et al., 2017). Parabolic Antenna: A parabolic antenna is a dish-shaped antenna that is commonly used in satellite communication systems and radar systems (Patil and Popalghat, 2016). A microstrip patch transmitter is generally employed in modern wireless communication systems, such as cellular networks, satellite communication, (Global positing system) GPS, and Wireless Local Area Networks (WLAN). It can be easily structured in diverse dimensions and shapes. Beam steering plays a crucial role in 5G communication systems. Beam steering allows for focused and directed signal transmission toward specific users or areas. By dynamically adjusting the beam direction, the signal can be concentrated where it is needed, resulting in improved signal quality, reduced interference, and a higher signal-to-noise ratio (SNR). This leads to better overall transmission performance and higher data rates. It enhances the coverage and range by targeted signal transmission, extending the coverage and range of the 5G network. By focusing the signal in a specific direction, beamforming compensates for path loss and signal attenuation, enabling better coverage in both urban and rural areas. This is particularly important for mm-Wave frequencies, which have a shorter range but higher data rates (Guo and Ziolkowsk, 2021). Beam steering in 5G communication systems provides benefits such as enhanced signal quality, increased capacity and throughput, extended coverage, interference mitigation, energy efficiency, and mobility support. These advantages contribute to improved network performance, user experience, and the ability to meet the growing demands of diverse 5G applications and services. Researchers have investigated various methods of achieving beam steering and proposed a microstrip patch antenna suitable candidate to fulfil the requirements of future 5G because of its advanced feature. Microstrip patch antenna can be easily integrated into compact and low-profile devices. Their flat geometry allows for easy fabrication, integration with other components, and deployment in various applications (Cheng et al., 2017). Previously microstrip antennas were frequently employed as the radiating elements in phased array antenna systems. Phased arrays comprise multiple antenna elements assembled in a specific pattern and connected to a phase-shifting network. By controlling the phase of the signals fed to each antenna element, beam steering can be achieved (Jiang et al., 2018). Microstrip antennas can be designed using a combination of conductive radiating patches and a dielectric substrate. By adjusting the dimensions of the patches and the dielectric properties of the substrate, the antenna can be designed to exhibit specific radiation patterns. This allows for control over the direction of the emitted radiation and facilitates beam steering capabilities (Li and Luk, 2020). Moreover, their simple planar structure and the use of commonly available materials make them relatively inexpensive compared to other antenna types (Elfatimi et al., 2018). A microstrip patch antenna plays an essential role in achieving directional and steerable radiation patterns, enabling beam steering in various communication systems. Beam steering is a fundamental concept in antenna technology that involves controlling the direction of the radiated or received electromagnetic waves. It allows for the adjustment of the antenna radiation pattern to focus the energy in a particular direction or toward a specific target. In the context of 5G communication systems, beam steering plays a fundamental role in refining performance and addressing the unique challenges of next-generation wireless networks. To address these challenges, a microstrip antenna is believed to provide a viable solution. Microstrip antennas are a type of printed antenna that operates based on the principles of microstrip transmission lines. They comprise a radiating element placed on top of a dielectric material utilized as a substrate in between the ground and radiating patches, with a ground plane stuck on the other side of the antenna design as shown in Figure 1. The well-known equations for Microstrip patch antennas are the following:
[image: Figure 1]FIGURE 1 | Microstrip patch antenna top view.
The width of the radiating patch was determined using Equation 1.
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The length of the radiating element was computed using Equation (2)
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The effective dielectric Constant of the radiating antenna was determined using Equation (3)
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Extension in the length ΔL:
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The effective length of the antenna is calculated:
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Length of substrate:
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Width of substrate:
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Microstrip antennas can be fed using various techniques, including edge feeding, insect feeding, or aperture coupling. These feeding techniques allow for control over the phase and amplitude of the current distribution on the patch, which influences the radiation pattern and facilitates beam steering (Wang et al., 2022). Microstrip antennas are commonly used in phased array configurations for beam steering applications. Multiple microstrip antenna elements can be arranged in a specific geometry and fed with different phase shifts. By adjusting the phase distribution, the resulting interference pattern can be directed in a desired direction, achieving beam steering capabilities. Digital beamforming involves Multiple-Input-Multiple-Output (MIMO) for signal processing which is a highly adaptable approach for generating separate steerable multiple beams (Cao et al., 2021). In literature researchers (Cao et al., 2021) (Liu et al., 2022) (Liao et al., 2015) have accomplished beam steering using array antenna technology. Digital beamforming consists of massive antenna arrays that operate as a powerful tool to fulfil some of the most difficult required features of forthcoming wireless transmission networks, specifically in rich spreading conditions. In contrast, this approach generally leads to high power utilization, and power losses which also impact the hardware cost, which prevents its use in many applications such as large-scale low-cost (Ashok and Sudha, 2019). Similarly in literature, many techniques have been utilized (Liao et al., 2015; Ali et al., 2017; Ashok and Sudha, 2019) to achieve the steerable beam employing the microstrip patch antenna arrays. These techniques have some limitations. To improve the coverage of the antenna an array system is occupied in which antenna radiating elements are increased according to the separation between the radiating elements to achieve constructive interference of the propagated signals (Aluigi et al., 2018). Additionally, researchers have utilized a 16 × 16 antenna array with a metal wall as a reflector and with similarly shared coupling in between the resonating patches is responsible for wide beamforming in linear and phased array (Elfatimi et al., 2018). Pattern reconfigurable techniques is utilized in the expansion of coverage in (Li et al., 2018) (Li and Luk, 2020). In contrast, some techniques involve the combination of mechanical and electrical methodologies to accomplish beamforming (Cao et al., 2016), in addition to these, multiple layers of dielectric material are also applied to improve the coverage of the beamforming (Li and Luk, 2020) Some of the wideband antenna applications have targeted beamforming by implementing the tightly coupled techniques reported in (Wu et al., 2015). All these methods explored in the literature have accomplished beamforming but have some limitations which are needed to be addressed such as efficiency, gain scanning accuracy, etc., therefore an efficient approach required to achieve a high-gain beamforming antenna. Primarily focused on high-speed mobile broadband, 4G introduced advanced signal processing with LTE technology, enhancing data rates and network efficiency. Significant advancements include millimeter-wave frequencies, massive MIMO, and beamforming, boosting data rates, reducing latency, and enabling diverse applications beyond traditional mobile broadband. In the early stages, 6G envisions terahertz frequencies, AI-driven networks, and advanced beamforming for unprecedented data rates, ultra-low latency, and diverse connectivity supporting emerging technologies like holographic communication and advanced IoT. 4G employed LTE, 5G harnessed advanced MIMO, and beamforming, while 6G explores terahertz signal processing, leveraging machine learning for adaptive and intelligent communication. Each generation has strived for improved spectral efficiency; 4G enhanced broadband, 5G expanded capabilities to connect devices, and 6G aims for highly efficient, adaptable networks supporting a vast array of applications and services.
2 BEAM FORMING ANTENNA ARRAY
The commonly used wireless communication systems utilize a single antenna which has a broad radiation pattern radiating in all directions around the radiating element. An antenna array is a collected working of multiple radiating patches that are assembled in a specific pattern to achieve constructive and destructive interference to establish a directed beam in the required direction (Ali et al., 2017). Antennas in an array can be physically connected to each other or be separate and can be used for both transmitting and receiving electromagnetic waves. The directivity of the radiating transmitter can be improved by expanding the dimensions of the radiating element (Aluigi et al., 2018). Beamforming utilizes the antenna array technique to create a directional beam of electromagnetic waves by modifying the amplitude and phase of the signals received by individual receiver element of the array. These signals are merged in a technique that creates a constructive interference resulting in a single beam that can be steered in a specific direction. The beamforming process in an antenna array can be done using either analog, digital techniques or hybrid techniques (Varum et al., 2018). In analog beamforming, the phase and amplitude of the signals received by each transmitter patch are adjusted by applying the analog working mechanism of phase shifters and attenuators. This approach is not suitable for the compact devices used for communication as it expands the dimensions plus weight of the communication device, moreover in some applications, it is difficult to integrate into the circuit (Afzal et al., 2021). There are different types of antenna arrays, including linear arrays, circular arrays, planar arrays, and conformal arrays which are illustrated in Figure 2. Linear arrays consist of a row or column of antennas, while circular arrays are arranged in a circular or annular pattern. Planar arrays are two-dimensional arrays, while conformal arrays are designed to conform to a curved surface. The planar array technique is simple and cost-effective but has limitations in terms of flexibility and beamforming resolution. In digital beamforming, the signal reception of each receiver element is first digitized using analog to discrete and digital processing, these are processed using digital signal processing (DSP) algorithms to alter the amplitude and phase of the received signals (Rivas et al., 2010) shown in Figure 3. This procedure is flexible whereas it offers better beamforming resolution than analog beamforming. The choice of analog or digital beamforming technique depends on the specific application, performance requirements, and cost considerations. Beamforming microstrip patch antenna arrays have numerous advantages over the single radiating elements which include enhanced signal quality increased coverage and interference rejections (Rivas et al., 2010; Cao et al., 2016). It is widely used in multiple applications of wireless communications and satellite communications. Beamforming is a technique in which propagation is directed toward the desired direction and in another direction the signal is cancelled out because of destructive interference. This is accomplished using the FIR finite impulse response filter. Moreover, massive MIMOS systems are also combined with it to improve the overall efficiency of the system (Wang et al., 2018). These are employed for systems such as cellular networks, Wi-Fi networks, and radar systems. In literature, several types of arrays described initially were explored by the researchers to accomplish the beamforming, where a scalable 28 GHz beamforming system for 5G automotive connectivity, based on 2 × 2 TRX beamforming core chips and patch antenna array is presented by (Patterson et al., 2012) the designed antenna is resonating at a frequency of 28 GHz, similarly in other research works to achieve higher gains and contribute to a better communication performance linear array is designed horizontally N and vertically M to accomplish the 5G requirements (Djerafi and Wu, 2012) shown in Figure 4. However, they have some limitation that requires the attention of reinvestigations. The comparison of the described above antenna arrays is explained in Table 1.
[image: Figure 2]FIGURE 2 | Microstrip patch antenna side view.
[image: Figure 3]FIGURE 3 | 3 Types of microstrip patch antenna array.
[image: Figure 4]FIGURE 4 | Beamforming transmitter radiation towards desired and undesired users.
TABLE 1 | Comparison between the type of array.
[image: Table 1]3 ANALOG BEAMFORMING
Analog beamforming is a method utilized in wireless communication systems and radar systems to direct the antenna beam to an exact target by altering the phase and amplitude of the RF signal at the antenna elements. In analog beamforming, the amplitude and phase of the RF signals are coordinated by analog circuits, such as phase shifters and attenuators, which adjust the signal path of each antenna element (Manzillo et al., 2013). Analog beamforming is a method adopted in antenna arrays to steer a steering beam of electromagnetic waves using analog components. The phase shifters are retained to regulate the phase of the radiated signals, while the attenuators are operated to modify the amplitude of the signals. By altering the amplitude plus phase of the signals received by each receiver component, signals are merged to establish a single beam with a specific direction. In literature, researchers have accomplished beamforming utilizing a variety of different techniques (Tekkouk et al., 2015). Phase shifters are devices used to introduce controlled phase shifts to the signals obtained by individual antenna elements in an antenna array. By adjusting the phase shift values, the signals can be combined constructively in the required direction, while causing destructive interference in useless paths. Phase shifters can be implemented using various technologies, such as electronically controlled phase shifters (e.g., varactor diodes) or fixed phase shifters (e.g., transmission lines of different lengths). Moreover, Analog delay lines are used to introduce controlled delays to the signals received by each antenna element. By adjusting the delay values, the signals can be temporally aligned to achieve beam steering. Delay lines can be implemented using transmission lines or other delay elements, and their lengths are carefully selected based on the desired beam steering angles (Jebabli et al., 2022). Similarly, researchers have proposed Hybrid couplers, such as 90-degree and 180-degree couplers, are used in beamforming systems to split and combine signals with specific phase relationships. They are often used in conjunction with phase shifters to create the desired beamforming patterns. Hybrid couplers are passive devices that operate based on the principle of electromagnetic coupling between transmission lines utilized (Rao et al., 2021). On the other hand, literature illustrates the beamforming networks are analog circuits that dis-tribute the signals received by the antenna elements to achieve beam steering. These networks can include power dividers, phase shifters, and other passive components arranged in a specific topology (Eshaghi and Rashidzadeh, 2022). Beamforming networks are designed based on the desired beamforming characteristics and the configuration of the antenna array. Analog beamforming is a simple and low-cost technique compared to digital beamforming, but it has some limitations. Analog beamforming techniques provide simplicity, low latency, and efficient use of power compared to digital beamforming. They are suitable for applications where the total element of the antenna is relatively small, and real-time beamforming is required. However, analog beamforming has limitations in terms of flexibility and adaptability compared to digital beamforming. It is typically used in combination with digital beamforming techniques to achieve hybrid beamforming systems that balance performance and complexity in 5G communication systems. In analogy, beamforming a very famous approach is the butler matrix, where the consumers can shift between the several beams of the antenna. It is widely used in electronic scanning arrays as a MIMO beam-former for the reason of its flexibility and easier for multiple-beam radiators (Tariq et al., 2018). In other applications of UWB ultra-wideband antenna transmitters 4 × 4 butler matrix was designed to operate at 3–9 GHz. The structure of the antenna is hexagonally fabricated on an RT/Duroid 5,880 substrate with an epsilon value of 2.2 whereas the thickness is 0.254 mm, and the loss tangent comprises 0.0009. The fabricated antenna has successfully accomplished a wide range of bandwidth consisting of 6 GHz (Tariq et al., 2018). Additionally, the butler matrix was designed utilizing substrate integrated waveguide technique, the designed model is illustrated in Figure 6 (Butler and Lowe, 1961). RT/Duroid 5,870 is employed as a substrate (Islam MS, Jessy, 2016). The dimension of the model comprises 144 × 146 mm2 which is responsible for achieving a bandwidth of 3 GHz. In some cases of smart antennas which are a combination of hybrid and analog beamforming consist of the DOA direction of signal arrived. In these antennas, as the signal arrives the algorithms decide the direction of arrival which is dependent upon the time delay (Guha et al., 2018). Time delay can be computed using the equation provided.
[image: image]
In the equation above the Vo represents the speed of light whereas, the differential distance is represented by Δr. The signal processing unit and antenna array both are responsible for generating radiation and reception patterns. To overcome limitations such as weak signal strength and directivity the researchers designed an 8 × 8 butler matrix on a Taconic RF35TC substrate (Nwalozie et al., 2013). This design is shown in Figure 4, the epsilon value of the substrate is 3, and it occupies a thickness of 0.127 mm with a loss tangent of 0.0014. In another approach MPA was designed operating at 28 GHz operating frequency on a substrate of Roger’s RO4003, the MPA presented by (Ahmed et al., 2018) consists of 3.7 × 2.8 mm2 whereas the 4 × 4 matrix followed by 1 × 4 linear patches connected responsible for leading the beam to be directed in different directions (Kim et al., 2018) showed in Figure 5. In analog beamforming, some researchers have designed antennas above 50 GHz which are discussed here for 5G applications. A MIMO antenna array is presented in (Rahayu et al., 2019), resonating at a frequency of 60 GHz, the antenna structure contains a 1 × 2 power divider and 2 × 4 radiating MIMO array. RT5880 was employed as a substrate material with a thickness of 0.16 mm The designed model has achieved a high gain of 13.4dBi whereas it has successfully accomplished a markable bandwidth of 4.3 GHz The designed model is shown in Figure 6. On the other hand, a similar MPA microstrip patch antenna array has been reported (Rabbani and Ghafouri-Shiraz, 2017) which consists of a series feed and a parallel feed network with 24 radiating elements integrated on the substrate of RT/Duroid 5,880 with a thickness of 0.127 mm. The designed MPA is responsible of resonating at a high frequency of 61.56 GHz and has achieved a bandwidth of 2.6 GHz. Equation (9) describe the methodology of computing the dimension of the designed MPA (Rabbani and Ghafouri-Shiraz, 2017).
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[image: Figure 5]FIGURE 5 | The image of the fabricated planar antenna array.
[image: Figure 6]FIGURE 6 | 4 × 4 Butler matrix transmission line.
The λ represents the free space and operational wavelength whereas the ΔL is the patch extension. The presented model has achieved an acceptable gain of 19.5 dBi. The design is shown in Figure 7.
[image: Figure 7]FIGURE 7 | MIMO antenna array 2 × 4.
4 DIGITAL BEAM FORMING
Digital beamforming is a method utilized in sonar, radar, and transmission techniques to steer the main lobe of the beam in an exact guided target using digital signal processing (DSP) (Lian et al., 2018). In digital beamforming, the propagated waves from multiple radiating elements are merged in a specific way, based on their phase and amplitude, to create a beam in a specific direction and shape. The DSP algorithms use information from the antenna array to calculate the appropriate weights for each antenna element to achieve the desired beam direction and shape. Digital beamforming includes the combination of analog-to-digital converters (ADCs) which are aligned with the digital circuits along and a basic analog system block (Eshaghi and Rashidzadeh, 2022). Digital beamforming methods have some limitations such as low SNR. These drawbacks can be minimized by a zero-forcing approach in which the antenna array is responsible for the constructive and destructive interference of the propagated signals which results in cancelling out of their impact on the overall radiation pattern of the antenna array and delivery of a directed beam (Tariq et al., 2018). Digital beam forming offers advantages to achieve beam forming whereas on the other hand these techniques also have some limitations such as high cost because of this it is not preferred to be a good choice for future 5G and B5G. Digital beamforming typically requires the use of power-hungry digital signal processors (DSPs) or field-programmable gate arrays (FPGAs) to perform the necessary signal-processing operations. These components consume a considerable amount of power, which can be a disadvantage in applications where power utilization should be diminished, such as in mobile devices or energy-constrained environments. In addition, digital beamforming involves complex digital signal processing algorithms and computations. It requires significant processing power and resources to perform the necessary calculations for beamforming, especially in large-scale antenna systems with multiple elements. This computational complexity can increase the hardware requirements and cost of implementing digital beamforming (Guha et al., 2018). To maintain the cost efficiency, identical antenna arrays are employed at the base station for the transmission and reception of the signals. The model designed has a 16-radiating element of antenna arrays, it was polarized both horizontally and vertically operating at the 27.5–28.35 GHz band. The simulated antenna was fabricated using a substrate Rogers 4,350 with an epsilon value of 3.83, a thickness of 0.254 mm, and a loss tangent of 0.0037. The antenna designed covered a size of 30 × 30 mm2. The model accomplished a high gain of 15.65 dBi. The designed model is shown in Figure 8 and Figure 9. The losses incurred during the propagation of waves in the air are calculated using the provided Equation (10).
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[image: Figure 8]FIGURE 8 | 4 × 4 butler matrix beamforming MPA.
[image: Figure 9]FIGURE 9 | 24 elements antenna array.
F, indicates the resonant frequency whereas d, is the separation between the radiating elements.
5 HYBRID BEAM FORMING
The hybrid beamforming technique is a mixture of both digital and analog in 5G antenna systems. It offers a trade-off between the advantages of analog beamforming (lower complexity, lower power consumption) and digital beamforming (flexibility, precise beamforming control). The architecture is devised using a technique the antenna array is divided into subarrays, each consisting of multiple antenna elements. Each subarray has an analog beamforming network, which applies phase shifting and gain control to the signals before combining them. The combined signals from different subarrays are then digitized and processed digitally for further beamforming control. Both analog and digital beamforming techniques are merged to perform individual responsibilities. Analog beamforming part of hybrid beamforming is responsible for coarse beamforming control (Nwalozie et al., 2013). It utilizes phase shifters and variable gain amplifiers to steer the main lobe of the propagated signal in a particular direction. Analog beamforming allows for low-latency and low-complexity beamforming, as the control is performed in the analog domain. However, it lacks the fine-grained control and adaptability of digital beamforming. Whereas the digital beamforming part of hybrid beamforming is responsible for fine-grained beamforming control and compensation of imperfections (Nwalozie et al., 2013; Ahmed et al., 2018). The digitized signals from the analog beamforming stage are processed digitally using advanced algorithms and techniques. Digital beamforming provides precise control over the amplitude and phase of the signals, allowing for adaptive beamforming, null steering, and interference cancellation. The overall benefits of hybrid technique include, reduced complexity. It offers reduced complexity and power consumption compared to full digital beamforming, as most of the beamforming control is performed in the analog domain. At the same time, it provides flexibility, adaptability, and improved performance compared to pure analog beamforming. Hybrid beamforming can handle a larger number of antenna elements and supports the high data rates and low latency requirements of 5G networks. The advantages of using hybrid beamforming are reducing cost and increasing the efficiency of the antenna (Kim et al., 2018). Other work contributed to hybrid beam forming consists of orthogonal frequency division multiplexing (OFDM) presented by (Rahayu et al., 2019) designed as a transmitter, which is illustrated in Figure 10. The efficiency of the hybrid beam forming can be calculated using Equation (11).
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[image: Figure 10]FIGURE 10 | (A) Antenna array vertically polarised (B) Antenna array Horizontally polarised.
The subcarriers are denoted by N, ‘m’ is a variable ranging from 0 to ‘N—1’, whereas for the gain adjustments c and w are used for the source and receptor, and the channel matrix is represented by H in the equation. Additional structure of the hybrid beamforming transmitter operating Ns data streams, MIMO encoder and baseband pre-coder, RF chains (NRF), and antenna receiving arrays (Nt) is given in Figure 11 with a minimal alteration forming hybrid beamforming receiver (Rahayu et al., 2019). Similarly, another model presented by (Rao et al., 2021) operates at a frequency range from 23.34 to 28.25 GHz and utilizes the antenna array with a combination of hybrid coupler. The antenna array consists of 10 × 2 radiating elements with 11.52 mm space between the radiating patches. The antenna array was designed using RT/Duroid622 as a substrate, the substrate comprises of epsilon value of 2.9 and a thickness of 0.254 mm. The radiating patches are designed using copper with a thickness of 35 µm. The presented model has achieved a gain of 12. 9dBi.The design is shown in Figure 12. Another approach to beam steering is a defective microstrip structure. A defective microstrip structure (DMS) is a technique used in microstrip antenna design to modify the characteristics of the microstrip transmission line. By introducing periodic or localized defects in the microstrip structure, the propagation properties of the microstrip line can be altered, allowing for various functionalities, including beam steering. An antenna capable of steering the beam is presented in (Ding et al., 2014). The designed antenna consists of three defective microstrip structures along with six defective microstrip power dividers. The dimensions of the antenna are 8 × 2 mm and 10 mm thickness of transmission line. The designed antenna covers a wide bandwidth which is acceptable for WLAN applications, moreover it has the ability to steer the beam −15 to +15. Figure 13 shows the antenna proposed in (Ding et al., 2014). Similarly, a Yagi Uda antenna has been presented by (Issa et al., 2019) this antenna comprises 30 × 30 mm in length and width. Whereas RT/Duroid is utilized as a substrate with a thickness of 0.254 mm. The antenna has achieved a high gain of 11.8dBi and a higher bandwidth of 12.5 GHz. The designed antenna is resonating at a higher mm-wave frequency of 60 GHz, the designed antenna is illustrated in Figure 14 (Issa et al., 2019). The Yagi-Uda antenna, also known as a Yagi antenna, is a popular and widely used directional antenna design that consists of a driven element, one or more parasitic elements, and a reflector element. It is commonly used for long-range communication and has been utilized in various applications including television reception, wireless communications, and radio astronomy. Beamforming refers to the process of forming and directing the radiation of the main lobe of an antenna or antenna array to focus the propagated signal transmission and reception in a specific direction. It involves adjusting the amplitude and phase of the signals from individual antenna elements to constructively combine them in a desired direction and suppress signals in other directions (Muñoz et al., 2021). Beamforming can be achieved through both analog and digital techniques. Whereas beam steering refers to the ability to dynamically change the direction of the antenna’s radiation pattern to track a specific target or adjust the coverage area. It involves continuously adjusting the beam direction to follow a moving user or adapt to changing channel conditions. Beam steering can be achieved by modifying the amplitude and phase together or individually of the signals in real time, either by adjusting the antenna array’s physical orientation or by electronically manipulating the phase shifters in an antenna array. Beamforming is the technique used to shape the radiation pattern of an antenna or antenna array, while beam steering is the ability to dynamically change the direction of the beam pattern (Wu et al., 2022). Beamforming is typically used to create a specific beam pattern, such as a directional beam or a beam with specific characteristics like high gain or nulls. Beam steering, on the other hand, allows for real-time adjustments of the beam direction to track users, and targets, or adapt to changing channel conditions (Saeed et al., 2021). Beamforming and beam steering are often used together in practical antenna systems. Beamforming establishes the desired beam pattern, and beam steering enables dynamic tracking or adjustment of the beam direction within that pattern. A beam steerable, multiple radiating patch antenna array containing two defective microstrip structures and six power dividers in the feeding port was simulated shown in Figure 15. The design was analysed which verifies that four different states were phase shifted and the main lobe can be steered between +15° and −15° Moreover it was capable of wide coverage over the range of 5.2 GHz which is suitable for the WLAN applications. The discussion made in this article is summarised and compared in Table 2. The comparison is made on the basis of the substrate used to design the antenna. Similarly, the antenna size, shape, radiating patches, and ground layers also contribute to the performance (Shelton, 1969). Based on these important parameters the comparison has been concluded. Moreover, the antenna used for different applications has different requirements which impact as well as some of the applications remain flexible in terms of Gain, efficiency, and bandwidth. All these parameters are considered for the comparison of the techniques and designs illustrated in the literature are compared in Table 3.
[image: Figure 11]FIGURE 11 | Hybrid beamforming methodology.
[image: Figure 12]FIGURE 12 | Extended hybrid beamforming transmitter.
[image: Figure 13]FIGURE 13 | Hybrid beamforming MPA.
[image: Figure 14]FIGURE 14 | Defected microstrip structure design.
[image: Figure 15]FIGURE 15 | Yagi-Uda antenna. (A) Fabricated design. (B) Connected with VNA.
TABLE 2 | Comparison of beamforming analog antenna arrays and digital arrays.
[image: Table 2]TABLE 3 | Comparison of techniques used for microstrip patch antenna array.
[image: Table 3]Beam steering microstrip antennas for 5G communication systems offer several advantages, such as high gain, compact size, and cost-effectiveness. However, they also face certain challenges and limitations that must be addressed. Here are some of the challenges and limitations associated with beam steering microstrip antennas for 5G. Microstrip antennas typically have a limited steering range due to their inherent narrow bandwidth and small size. This limits their ability to steer the beam over a wide angular range, especially for high-frequency applications in millimeter-wave bands (Sim et al., 2023). It may require complex designs or multiple antenna elements to achieve wider beam steering ranges. Similarly, Microstrip antennas often require a complex feed network to achieve beam steering. The design of the feed network becomes challenging as the number of elements in the array increases. Achieving precise phase and amplitude control across all elements requires careful impedance matching, signal routing, and power distribution, which can increase the complexity and cost of the antenna system which effects the overall size of the microstrip patch design. The manufacturing tolerances associated with microstrip antennas can impact their beam steering capabilities. Variations in the dimensions, substrate properties, and fabrication processes can lead to deviations from the desired antenna performance. Tight control over manufacturing processes and thorough testing and calibration procedures are necessary to achieve accurate beam steering. Based on the requirements of the future communication system, different methods have been described in this paper that can be employed for beamforming. Improving the bandwidth, increasing the scanning range, and reducing the fabrication cost are in addition to several challenges that need to be addressed in future activities. To provide higher system capacity or diversity, current and future wireless communication systems must support dual polarization. Previously, some techniques were utilized that typically required the duplication of hardware to achieve dual polarization or a double-sized beamforming network. Another interesting direction of research is the development of hybrid antenna arrays employing a combination of circuit-type BFNs and digital array processing techniques.
6 CONCLUSION
As the demand for high data rates is dramatically increasing, 5G and B5G are proposed to be the most cost-efficient networks. A microstrip patch antenna is believed to be the vital element to enable steering for the precise targeting of signals towards specific users and areas for the compact nature of today’s communication devices. By directing the antenna beams in the desired direction, coverage can be extended to areas that would otherwise be challenging to reach. This enables better signal reception, even at longer distances, and improves the overall coverage and range of the 5G network. The findings provide insights into optimizing the performance of 5G networks. The directional and steerable radiation patterns of microstrip patch antennas align effortlessly with the demands for increased data rates, reduced latency, and efficient spectrum utilization in 5G, addressing current challenges and enhancing overall network capabilities. As 6G technologies approach the horizon, this study positions microstrip patch antennas as crucial components for the anticipated requirements. Their adaptability, highlighted through our analysis, indicates their potential role in shaping the foundational architecture of 6G networks, setting the stage for advanced communication systems. This paper carried out a comprehensive overview of the beam-forming antenna array. Previously explored methodologies and techniques were discussed and with particular focus on analogue, digital a hybrid beamforming.
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