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Abstract: With the popularity of green computing and the huge usage of networks, there is an acute need for expansion of the 5G network. 5G is used where energy efficiency is the highest priority, and it can play a pinnacle role in helping every industry to hit sustainability. While in the 5G network, conventional performance guides, such as network capacity and coverage are still major issues and need improvements. Device to Device communication (D2D) communication technology plays an important role to improve the capacity and coverage of 5G technology using different techniques. The issue of energy utilization in the IoT based system is a significant exploration center. Energy optimization in D2D communication is an important point. We need to resolve this issue for increasing system performance. Green IoT speaks to the issue of lessening energy utilization of IoT gadgets which accomplishes a supportable climate for IoT systems. In this paper, we improve the capacity and coverage of 5G technology using Multiple Inputs Multiple Outputs (MU-MIMO). MU-MIMO increases the capacity of 5G in D2D communication. We also present all the problems faced by 5G technology and proposed architecture to enhance system performance.
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1  Introduction

Green computing is the ecologically mindful utilization of PCs and related assets such practices incorporate the execution of energy-effective focal preparing units, workers, and peripherals just as diminished asset utilization and legitimate removal of electronic waste. The main purpose of green computing is to minimize the use of toxic and hazardous materials and improve energy efficiency. Presenting D2D correspondence in a cell organization will improve the general information rate, energy utilization, and range use while offering new types of assistance. The future of telecommunication is represented by the term 5G. As compared to recent trends in current cellular technology, it is an advancement that brought radical changes in radio interference [1]. 5G technology is fast, easy, and reliable as compared to present cellular technology [2]. Predictably, 5G will result in high rates of data transfer that would go further, more than 10 gigabytes per second [3].

D2D communication is known to be one of the basic solutions for the next generation 5G networks to compact with these problems. D2D communication plays an important role in direct communication between devices (devices may be mobile phones or vehicles) without any help from the Base station in cellular networks. With early studies, D2D communication discloses some advantages for developing spectrum effectiveness, message interruption, and energy depletion. However, it still faces some limitations, such as security concerns, flexibility managing, and hand-off. Fig. 1 shows the basic architecture of D2D communication. The investigation community is now participating in adopting D2D communication for the next generation.
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Figure 1: Device to device communication

The network designer always focuses on system performance in terms of efficiency and coverage. The Spectral Efficiency (SE) gives a proportion of the number of pieces of data that can be moved to the served users for a given transmission capacity while noise ratio “Signal-to-Interference Ratio (SINR)” is used to obtain coverage performance. D2D communication did not gain much importance in the earlier generations i.e., 1G, 2G, 3G, or 4G. However, in 5G it plays an important role in Cellular communications. So 5G is one of the emerging technologies which allow devices for direct transmission with the help of D2D communication. It increases the reliability of connection among the devices, system capacity, and improves the spectral productivity, which may lead to lower latency. With the help of D2D communication, two devices can communicate with each other without any intermediate device i.e., Base Station. Neighboring devices can communicate easily with each other through a link due to a smaller distance. When the distance between devices is smaller it automatically enhances the power of a system in cellular communication. It leads to improvements in Throughput, energy efficiency, delay, and can handle the traffic effectively. So, we can say that is a reliable technique for communication.

Energy optimization plays an important role in Device-to-Device Communication (D2D) [4–6]. The network traffic is reduced by placing the BS in between the devices and it conserves the energy-inefficient manner [7]. Another challenge faced by 5G is MU-MIMO. MU-MIMO contains multiple antennas on the sending and receiving side to develop the capacity and coverage area for D2D communication. As we know it is a wireless network that allows multiple users on sending and receiving of more than one data instantaneously above the same radio channel [8]. It uses the radio path image to enhance performance. MIMO which stands for multiple input multiple output technology has evolved over the years since the Single User Mode (SU-MIMO) launch, launched with the 802.11n wireless standard a decade ago. Supported MU-MIMO was implemented in Wave 2 devices by the 802.11ac (Wi-Fi 5) standard. Now we see even more enhancements to MU-MIMO with the 802.11ax (Wi-Fi 6) standard.

MU-MIMO is used to enhance the capacity of D2D communication. It consists of the following characteristics, which provokes the researchers to use in capacity and coverage enhancement [9].


•    MU-MIMO can be consisting of 1-way or 2-way communication

•    MIMO technology is complimented by Orthogonal Frequency-Division Multiple Access (OFDMA)

•    802.11ax network protocol supports MU-MIMO

•    MU-MIMO can work in both bandwidths 2.4 and 5 Ghz

•    For direct signaling, beamforming is used

•    Multiple users with multiple antennas are interrelated

•    Regarding the legacy point of view, it is very beneficial

•    Any type of channel width can be supported by MU-MIMO

•    Through signal processing security of the network also increase


1.1 Problem Statement

Network coverage and capacity are the major issues in the 5G network. During device, to device communication, this problem occurs mostly. While in D2D the in-band communication uses certified frequency sources and out-bands uses un-certified frequency sources. Device relaying with operator control link (DROC) required low coverage area and this type of device cannot connect directly with the base station. This paper focuses on discussing the challenges, designs, and future research directions of 5G cellular networks to enhance the capacity and coverage using Mu-MIMO.

This paper focuses on 5G technology with D2Dcommunication for enhancement of capacity and coverage. We design a system model to enhance the overall performance after increasing the nu of antennas using MU-MMIO. While using MU-MIMO with SNR our performance is increased gradually with 4, 6, and 8 antennas. After placing these antennas in different places everyone can easily use the web browsers and audio or video streaming due to increasing signals strength.

The rest of the paper is organized as follows. Section 2 presents the background of emerging technologies. Section 3 provides a comparison between MU-MIMO and SU-MIMO. Section 4 provides the proposed methodology and Section 5 presents the simulation and results. Finally, Section 6 concludes the work.

2  Background of Emerging Technologies

G. Marconi unveils that the growth and expansion of wireless start from the pathway of the latest wireless communications that communicate the letter S adjacent to 3 km distance with aid of electromagnetic wave [10]. It exhibits the developing generations of wireless technologies in terms of coverage, movement, spectral productivity, and data speed. The coverage, movement, spectral productivity, and data speed increases gradually. Bluetooth, WiMAX, and Wi-Fi are using the uncertified spectrum but on the other hand, a certified spectrum is used by all generations.

2.1 I-Generation

First-generation of the emerging system is grounded on the technique of equivalent pointers as it was used in circuit switching. It was formulated not for data but voice communication. This technology works on radio towers where the voice was transmitted and use the frequency 150 MHz, with the help of Frequency Division Multiple Access (FDMA) but this technique does not meet all the requirements due to low capacity and unreliable handoff. It consists of the following difficulties (e.g., lower voice links, no security, and undesirable snooping of the third party) were increased due to radio towers [11].

2.2 II-Generation

The 2nd generation was introduced in the late 1990s. Numerical technology was used in 2nd generation mobile telephone systems. In this system, first of all, Global Systems for Mobile communications (GSM) was introduced. It was used for voice communication and having a data speed of up to 64 kbps. Vital eminent technologies were GSM, Code Division Multiple Access (CDMA), and IS-95. The integration of ascertain antennas of MIMO considered as the hypo-potential element for the communication between various applications. [11,12].

2.3 III-Generation

This generation was recognized in 2000 as having a data speed 2 Mbps. It was founded by Internet Protocol to combine high-speed mobiles. This technology is more expensive than 2G [11]. The data rate is improved in 3G up to 30 Mbps. Due to the increase in bandwidth, it fulfills all the requirements of a good system. We can contact each other and exchanged information in real-time. Now a days 3G technology is still used in the world providing 15–20 MHz bandwidth [12].

2.4 IV-Generation

The speed of wireless technology is also called 4G. It can transmit data due to the conceptual framework and support rates of up to 100 Mbps. Due to high speed, it covers a large area [13,14]. 4G cannot support the switching technologies but it is based on Internet Protocol communications using IP technology. The technique used for the multiple antennas and its transmission is a basic pillar, which helps to enhance the capacity and area coverage of devices. It is very easy to send a massive quantity of data from one device to another device using 4G. Due to its wide range, 4G is a broadband network having broader bandwidth. 4G usually comes from 2G and 3G. Video chat is one of the important examples used in 4G [14–16].

2.5 V-Generation

5G is not yet a dominant technology in the world. Computer scientists are trying to develop 5G technology to meet all the requirements. All the network is responsible to handle the mobility [17], its terminal responsibility to choose the several access points in a network. This type of choice is based on an open intellectual middleware in mobile phones. An orthogonal beam is used for every mobile station which removed the antennas- based scheme and uses one or many base stations. In this way, the capacity of the system is enhanced [18]. A clue to move towards 5G is based on present ideas. It is normally supposed that 5G cellular networks must address six challenges that are not efficiently talked about by 4G i.e., greater capacity, greater data speed, inferior End to End dormancy, huge device connectivity, reduced cost, and reliable Quality of Skill provisioning [19]. Recently presented IEEE 802.11ac, 802.11ad, and 802.11af standards are very helpful. It also acts as building blocks in the road towards 5G. The Y-shaped antenna in the rotated form is scrutinized by using the Finite-Integration-Technique (FIT) engaged in the software of Computer-Simulation-Technology (CST), which may be designed for the future of 5G technologies and its applications. [20–23].

2.6 Device to Device Communication

The fourth-generation base station is included in all kinds of communication. There is no direct communication among two devices under the certified band. In the emerging era of technology Device-to-device communication is the key factor for the enhancement in the advanced network coverage [24]. 5G is the certified band for direct communication of two devices. This phenomenon of direct communication is known asD2D communication. As any base station is not involved in D2D, so it will reduce the traffic from the base station and will transport an unrestricted separation to the base station. Such traffic will increase the capacity of the system. Furthermore, D2D is characterized into four categories:

2.6.1 Device Relaying with Operator Controlled Link Establishment (DR-OC)

A user can easily access the base station by transmitting the signals through other devices in this DROC. Such a form of communication requires a minimum coverage area where devices are not joined to the base station directly such as cell ends. The operator connects with the transmitting devices so that it can have complete or partial control on D2D. The architecture of DR-OC is shown in Fig. 2 [25].
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Figure 2: D2D link having device relaying and operator control

2.6.2 Direct D2D Communication with Operator Controlled Link Establishment (DC-OC)

This type deals with exchanging; sending and receiving information and data of devices transactions without the involvement of the base station. On the other hand, the operator is responsible for the process of link formation. the operator is a partial controller in this type of D2D communication. The architecture of DC-OC is shown in Fig. 3 [25].
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Figure 3: D2D link having a direct link and operator control

2.6.3 Device Relaying with Device Controlled Link Establishment (DR-DC)

The operator does not take the information of the link or transmission of data in this type. Entirely all engagements like distribution of resources, device managing, device detection are done by the devices. Consequently, sending and receiving devices are accountable for all these processes. Though, a third device named relaying device is involved in the exchange of information concerning communicating devices. We use this relaying device whenever there is a greater distance among communicating devices. The architecture of DR-DC is shown in Fig. 4 [25].
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Figure 4: D2D link having device relaying and control

2.6.4 Direct D2D Communication with Device Controlled Link Establishment (DC-DC)

In this type, neither operator nor a relaying device is used for communication between devices. During the process of communication, the obligation of transmission of data, power drinking, organization interference, resource allocation, security, and whatever the condition is built on those devices, that are communicating to each other. The architecture of DC–DC is shown in Fig. 5 [25]. This is a power-saving method of D2D communication. Therefore, those users who are connected try to use assets in a good fashion, by keeping them to ensure not to disturb each other.
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Figure 5: D2D link having a direct link and device control

2.6.5 Application of 5G D2D Communication

As we know that cellular communications have evolved from 1G to 5G cellular networks. D2D communication plays an important role to enhance the overall system performance using 5G technology. There are the following applications of 5G D2D communication.


•    Increasing Spectral Efficiency in D2D communication two devices can communicate with each other without using any intermediate device e.g., router in a network. In this way, hop must be a rise, which results in reusing the resources [26]. So, we can say that in cellular networks D2D communication is helpful in resource reuse gain. Due to recourse reuse gain and hop gain, the spectral efficiency must be increased.

•    Emergency Communication D2D communication helps in a natural disaster like an earthquake and communication network infrastructure. When network infrastructure is spoiled, a wireless network must be set between the terminals. These problems can be solved using D2D communication in a network.

•    IoT Enhancement While developing the device communication it is important to develop a broad network that consists of different types of terminals. The typical example of D2D communication is Vehicle to Vehicle (V2V). According to developing technologies in V2V, two vehicles can communicate with each other and apart from each other at a specific distance. Because in case of any emergency an alert is generated to inform the driver making the speed slow. So, when vehicles use D2D communication drivers can reduce the risk of incident, which leads to IoT enhancement.


In this work, we use an MU-MIMO technique to enhance the capacity and network coverage in device-to-device communication. Green cellular communication is used to reserve energy using different techniques. When a BS is placed in between the devices it consumed energy due to its processing and many other factors. Due to growing awareness trends of energy optimization, an effective approach must be needed to save the energy resources in D2D communications. BS is placed to reduce the network traffic and load by providing good quality signal strength to mobile users.

3  Comparison Between MU-MIMO and SU-MIMO

According to our proposed model, we propose that MU-MIMO enhances the capacity and coverage in 5G technology for D2D communication. Here we give s brief comparison with the help of Tab. 1 that illustrates the difference between MU-MIMO and SU-MIMO.

Table 1: Comparison between MU and SU-MIMO
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It also proves that MU-MIMO is s best technology due to multiple antennas on the transmitter and receiver side, instead of SU-MIMO. So, we can say that it helps to improve the data rate quality, bandwidth, Throughput, capacity, and coverage area with the help of 5G technology. Thanks to the multiple users in MU-MIMO playing an important role in multiple user communication on the transmitter and receiver side.

4  Proposed Model

MU-MIMO innovation additionally enables different users to have similar system assets, at the same time. Multi-User MIMO or “MU-MIMO” enables messages for various users to travel safely along similar information pipelines, at that point be arranged to singular users, when the information transfer at their mobile phones [27,28]. Providing multiple users with the same data transmission speed increases capacity and helps to utilize resources in a better way. With a better capacity, helps multiple users to download and access the network at an equal and efficient rate. Likewise, networks can progressively switch between serving one or various clients. At the point when a single client is served, regularly the beam is more straightforward, and power is focused efficiently. Although, when multiple users are connected the beam spread at a wider distance in different directions [29]. In our proposed model MU-MIMO technique is used, which helps us to improve the coverage and capacity of the whole network during D2D communication.

We applied MU-MIMO on D2D, V2V with a relaying operator. All the MU- MIMOs are connected to one single base station. By using Base Station all the users are connected to the internet and store data on the cloud, and from cloud data stored and fetched from the data centers or servers. For all sorts of communication links: we applied MU-MIMO, which helps multiple users to connect and share information or data [30]. It helps a lot to maximize the capacity and coverage of the network to everyone. As earlier, MIMO is already considered a useful wireless communication way. But from now on, in our study, we use MU-MIMO which radically changes the usage of mobile devices. The proposed models (Fig. 6) describe how multiple users communicate with each other by using multiple antennas.
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Figure 6: Proposed model

For the working of MIMO, the transmitter (access point) and receiver (user) each one has multiple antennas sequences. For example, on the access point and on the user side one single stream used to send data and similarly one single stream to receive likewise, that supports one-bit ([image: images]) connectivity: Based on this example two-bit stream will support ([image: images]) connectivity in both directions, and a three-bit stream ([image: images]) will also support connectivity in both directions. Any mobile device that supports one or more streams will work with that device that supports less connectivity and continue due to which its performance is reduced. Fig. 7 illustrates the working of MU-MIMO with more than one user [19]. When we use the MU-MIMO the system, it contains multiple antennas at the transmitting and receiving side, which helps us to improve the capacity of the overall system and increase the coverage area. By adding the multiple antennas, the sender shared with some handling algorithms of the signals, while on the receiver side capacity and diversity performance shows. The MU-MIMO channel is a wireless connection between N and M antennas (where N is the transmitter and M is the receiver). The co-efficient of MU-MIMO is represented in the form of NM elements. The multiple antennas (n or M) could probably connect to any single modem or it may connect to different users. whereas H represents the Capacity of the Channel. For an MU-MIMO channel with N and M antennas, we take H as the size of channel matrix [image: images], in Eq. (1):
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Figure 7: Working of MU-MIMO

In the above Eq. (2) ‘det’ means determinant, where lM means (transmitter[image: images]receiver) [image: images] identity matrix and HHH means Matrix transpose conjugate. While in Eq. (3) numbers of NM antennas are very important; the capacity for the Rayleigh channel propagates proportionally to M is the expected value of the function.
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In the above Eq. 3, Capacity increases much faster in MU-MIMO systems than simple MIMO thanks to a large number of antennas case. In the next section, we discuss the simulation and results of the proposed model. The capacity of the [image: images] system is given in Eq. (4). Here [image: images] on the transmitter side and [image: images] on the receiver side respectively. The expression is given as follows.
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The capacity of the [image: images] system is given in Eq. (5). Here [image: images] on the transmitter side and [image: images] on the receiver side respectively. The expression is given as follows.
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The capacity of the [image: images] system is given below in Eq. (6), [image: images] antennas on the transmitter side, and [image: images] on the receiver side. While h, i, j are the complex numbers. The alphabet i is taken as nu of rows and j is taken as nu of columns.
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While increasing the number of antennas on both transmitter and receiver side, let [image: images] and [image: images] then we can see that capacity increase linearly to time. The following expression is made in this case. The Eq. (7) indicates that there are four received signals. Here H is co-channel interference.
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The total nu of transmitting antennas is given in Eq. (8) below. Here NR represents the total receiving antennas. In these Equations u and v represent the number of rows and columns.
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The total nu of transmitting antennas is given in Eq. (9) below. Here NT represents the total transmitting antennas.
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Both Equations represent the total number of transmitting and receiving antennas, which helps out to enhance the overall system capacity using MU-MIMO.

5  Simulation and Result

We choose SNR Algorithm for MU-MIMO to enrich the capacity of channels and selected antennas. We choose the MATLAB Platform to practically implement the SNR algorithm. As a result, the following plots are generated. These plots show the capacity of the channel, which is selected. The following flowchart (Fig. 8) is the SNR Algorithm. First of all, SNR or session value is calculated and then the session is selected with the mean value. In this way, new sessions are created one by one. Once the subcarrier value is assigned to the current session then the system removes this session from the list.

[image: images]

Figure 8: Flowchart for the working of SNR Algorithm

The capacity of the channel increases theoretically when one antenna has been used to send and receive signals in the system with multiple users. It also represents the working of the SNR Algorithm step by step and ensures that the performance of the system must be increased using SNR. Fig. 8 represents the working of the SNR algorithm; it works step by step in an efficient manner. Fig. 9 helps to illustrate that capacity of selected antennas increases linearly due to the MU-MIMO technique. This graph is generated by running the SNR Algorithm in MATLAB and shows that the capacity of selected antennas increased linearly. We can say that our performance is better instead of SU-MIMO.
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Figure 9: Capacity of selected antennas

Fig. 10 helps to illustrate the plot for the selected antenna by using the SNR algorithm the capacity increases linearly, whereas the system has an equal number of antennas to send and receive signals. In this graph 4, users on the transmitter and receiver side are communicating with each other. Here we can observe that capacity is increased gradually after using 4 antennas. In Fig. 10, the capacity of the 4th antenna is 22 bits/s/Hz.
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Figure 10: Plot for selected antennas

Fig. 11 illustrates the capacity of MU-MIMO with the SNR algorithm using 6 antennas. Here capacity increases linearly while increasing the nu of antennas. Similarly, while increasing the nu of antennas according to Fig. 12 then the capacity of the first four antennas is the same and makes variations in 5 and 6.


a) On the transmitter side [image: images] and [image: images] capacity increase to 25 bits/s/Hz

b) On the receiver side [image: images] and [image: images] capacity increase to 28 bits/s/Hz
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Figure 11: Plot for the capacity of MU-MIMO with SNR using 6 antennas
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Figure 12: plot for the capacity of MU-MIMO with SNR using 8 antennas

In Fig. 11, as we have used 6 antennas with SNR for increasing the capacity and coverage. So, we can observe that our performance is increased gradually after increasing the number of antennas. Here the total capacity of the 6th antenna is almost 29 bits/s/Hz.

Fig. 12 illustrates the capacity plot of MU-MIMO using 8 antennas. Capacity must be increase linearly with increasing nu of antennas on both transmitter and receiver side. In this scenario, we have used 8 antennas and make variations according to Figs. 12 and 13. Here capacity increase when we increase the nu of antennas on both transmitter and receiver side. The capacity of the first six antennas is the same as Fig. 13 and increase while using antenna 7 and 8.


a) On the transmitter side [image: images] and [image: images] the capacity is increased to 32 bits/s/Hz

b) On the transmitter side [image: images] and [image: images], the capacity is increased to 35 bits/s/Hz
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Figure 13: plot for the capacity of SU-MIMO with SNR using 4 antennas

In Fig. 12, we have used 8 antennas to enhance the capacity and coverage of our proposed system, we can easily find the difference after increasing the number of antennas. Here the total capacity of the 8th antenna is 35 bits/s/Hz, which is increased linearly. We can say that our proposed system performed well.

Fig. 13 illustrates the capacity of SU-MIMO with the SNR Algorithm. We have got different averages using [image: images] MIMO, [image: images] MIMO, [image: images] MIMO, and [image: images] MIMO respectively. All the users offer a different average plot, in this plot capacity increase linearly. Fig. 11 illustrates the capacity of SU-MIMO with the SNR Algorithm. Here NT represents the nu of transmit antennas and NR represents the nu of receiving antennas. The capacity increased linearly with the increasing nu of antennas as shown in Fig. 11. Here we use 4 antennas, the capacity increases linearly while increasing the nu of antennas. All the antennas provide different capacity plots:


a) In the graph, we use only one transmitter and receiver, capacity is almost 8 bits/s/Hz,

b) While using [image: images] and [image: images] capacity increase to 12 bits/s/Hz.

c) When increasing the nu of antennas on both sides [image: images], [image: images] the capacity is 15 bits/s/Hz

d) While using [image: images], [image: images] the capacity is 22 bits/s/Hz.


Fig. 14 is another scenario which represents that how capacity enhances in MU-MIMO technology instead of SU-MIMO. Thanks to the multiple antennas in the MU-MIMO technique that plays an important role to enhance the capacity. SU-MIMO gives a higher throughput with lower SNR, while MU-MIMO gives higher throughput with greater SNR. Due to higher the SNR more cost is required in MU-MIMO because multiple users are sharing data on both transmitter and receiver sides. So, when we applied MU-MIMO for all types of communication capacity must be enhanced due to multiple users on both sides, and the coverage area is also increased in this technique. In Fig. 14 difference is clear between SU-MIMO and MU-MIMO, which leads to our best system performance.
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Figure 14: Capacity of SU-MIMO and MU-MIMO using SNR

In our proposed model all the data is fetched from the Cloud which facilitates us to establish a connection and share the information. Hence, we can conclude that MU-MIMO enhances the capacity and coverage area of a network with the help of SNR.

6  Conclusion

Reduced energy consumption is achieved by D2D communication where energy is conserved in cellular communication by green computing (placing BS among the devices). By using different techniques, D2D communication plays an important role in improving the capacity and coverage of 5G technology. In this research, we try to overcome the challenge of the capacity and coverage faced by 5G technology using MU-MIMO. By implementing the MU-MIMO technique, it increases the capacity of 5G technology in D2D communication. One of the major challenges in 5G technology is Capacity and Coverage. Implementing the MU-MIMO with SNR Algorithm helps to overcome the issue and discussed a brief comparison between MU-MIMO and SU-MIMO. Multiple antennas in MU-MIMO helps to enhance capacity and coverage. As, MIMO naturally has a spatial range, which increases the power of the system by removing weaknesses. But on the other hand, there are still some challenges exits like cost estimation and security, etc., which will surely be considered as future work.
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