
Joint User Throughput Maximization In Reconfigurable
Intelligent Surfaces (RIS) Assisted Networks

By

Alishba Azam

A thesis presented to the faculty of Electrical Engineering Department, Military College of

Signals, National University of Sciences and Technology, Islamabad, Pakistan, in partial

fulfillment of the requirements for the degree of MS in Electrical (Telecommunication)

Engineering

August 2022



THESIS ACCEPTANCE CERTIFICATE

Certified that final copy of MS Thesis written by Alishba Azam Registration No.

00000320497, of Military College of Signals has been vetted by undersigned, found

complete in all respect as per NUST Statutes/Regulations, is free of plagiarism, er-

rors and mistakes and is accepted as partial, fulfillment for award of MS degree. It is

further certified that necessary amendments as pointed out by GEC members of the

scholar have been also incorporated in the said thesis.

Signature: ____________________________

Name of Supervisor:Assoc. Prof Muhammad Imran, PhD

Date: ________________________________

Signature (HOD):______________________

Date: _____________________________

Signature (Dean/Principal):_______________

Date: _____________________________

i



Declaration

I hereby declare that work carried out in this thesis has not been submitted in support

of any degree or professional qualification either at this institution or elsewhere.

ii



Dedication

I dedicate this thesis to my loving parents, friends and honorable teachers for their

everlasting love, devotion, and inspiration.

iii



Acknowledgement

I am truly grateful to Allah Almighty for granting me with the endurance and motiva-

tion to complete this thesis, as well as His mercy and benevolence, and His Prophet

(PBUH), without whose grace I could not have undertaken this effort. My sincere

thanks goes to my Supervisor Dr.Muhammad Imran and my Co-supervisor Dr. Mu-

dassar Ali for their constant encouragement and dedicated guidance, which enabled

me to undertake this research. This dissertation would not have been possible with-

out their continuous support, patience and insightful analysis. Throughout the thesis

writing process, their guidance and brain storming motivation remained with me like a

beacon. I could not imagine having an enlightened mentors for my MS thesis.

Besides my advisors, I also acknowledge others whose contributions are really sig-

nificant. To Lt Col Dr.Humayun Zubair, and Dr.Safia Akram, I am thankful for their

encouragement, insightful comments, hard questions and their contributions as mem-

bers of my committee. Moreover, I would like to express my sincere gratitude to them

for their guidance and suggestions.

My appreciation extends to my lovely friend, Asma Abid whose interest and encour-

agement enabled me to accomplish this herculean task.

My family and friends’ unwavering support has been crucial, enabling me to finish my

Master’s degree in Electrical Engineering, particularly in thesis, and their unwavering

encouragement has fuelled my feeling of ongoing commitment over the years.

iv



Abstract

Current 5G cellular networks must be upgraded to sixth-generation networks as the

number of users and data rate demands are increasing dramatically. In comparison to

5G networks, 6G networks would be able to deploy at higher frequencies, resulting

in significantly increased capacity, As the RISs (reconfigurable intelligent surfaces)

concept has recently received a lot of attention as a possible solution for 6G wire-

less communications and it is a new technology that can be configured to optimize the

wireless propagating environments, improve the connections between users and base

stations (BS), and adjust wireless settings to improve spectrum and throughput of a

network. RISs are emerging as a solution for Tera Hertz technologies. It can pave the

way to envision the throughput and maximizing users targets for B5G/6G networks.

Therefore the joint user and the throughput maximization problem with RIS assisted

based B5G/6G wireless network is investigated in this thesis subject to power trans-

mission, QoS, and phase shift at RIS constraints. The objective is to maximize joint

user and throughput of a RIS aided multi-user network having a multi-antenna base

station (BS) Few articles examine user and throughput maximization in the innovative

environment of wireless communications helped by RIS at this time, Hence our re-

search work focuses on RIS-assisted wireless transmission, to collaboratively improve

the admitted users and the throughput for all users as compared to the conventional

communication system. The problem as stated is non-convex resulting in the MINLP

problem. In general, MINLP problems are NP-hard problems. A Mesh adaptive di-

rect search (MADS) algorithm is proposed to efficiently solve this problem. Extensive
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simulation work validates the proposed algorithm, demonstrating that it is effective in

terms of joint user and throughput in a RIS-assisted network. Results achieved from

the simulation shows that by incorporating RIS in a network increases throughput and

maximizes the admitted users in a wireless network. By increasing the number of RIS

elements the throughput is also increased. Our proposed MADS algorithm outdo the

advanced algorithms and computational complexity is reduced.
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Chapter 1

Introduction

This chapter presents a brief introduction to the work accomplished in this thesis. Sec-

tion 1.1 explains the concept of Communication Networks present in past, present and

in future time, The communication network evolution from 1G to 6G is explained in

this subsection1.1.1 and subsection1.1.2 explains the current research progress to-

wards 6G Networks. Section 1.2 explains the main concept of RIS. Section 1.3 ex-

plains efficient resource allocation in RIS based B5G and 6G wireless communication

networks.The main motivation of thesis is explained in Section 1.4 . Section 1.5 high-

lights the shortcomings of the existing literature, the problem formulation is discussed

in section 1.6. The main contribution of the thesis is elaborated in section 1.7. Finally,

section 1.8 gives the idea regarding the organization of the thesis.

1.1 Background

In the recent years, the magnificent success of Wireless Communication in the The

global market has indeed been observed. Though after years of development, the

amount of cellular devices is Even in certain countries, the number of communica-

tion devices is still steadily expanding. Depends on consumers’ demand for constant

wireless access, it has outgrown its population. The development of the Internet of
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Everything (IoE) network, which connects millions of individuals and billions of de-

vices, is driving up the need for higher data rates for the users connected to a wireless

network [1] . The need for greater data throughput, reduced latency, and secure con-

nectivity is growing every day in the global age of a substantial amount of data.

1.1.1 Evolution of Networks from 1G to 5G

Wireless communication was conceptually developed premised on Marconi’s pioneer

demonstration of wireless telegraph. After this in 1948 Shannon coined the term "in-

formation theory" that offer wireless access, a 1G conventional wireless cellular net-

work was used. 1G was primarily used for voice communications and had low quality,

minimal system capacity, and constrained services. 1G systems comprised purely ana-

log networks had throughput upto to 2.4 kb/s and thus no digital processing. In the

early 1990s, voice communications were overtaken by the 2G digital cellular network.

2G was able to provide secure communication services in addition to traditional phone

services, such as short messaging service (SMS), due to digitization. Circuit switched

networks with a throughput of up to 384 kbps are known as 2G networks. [1].

Third-generation mobile networks (3G) are popular in the early twenty-first century

represented by wide-band CDMA code-division multiple access technology, CDMA

2000, time-division synchronous CDMA (TD-SCDMA), and Worldwide Interoper-

ability for Microwave Access (WiMAX) permitted different data capabilities, includ-

ing internet connectivity, videoconferencing, and wireless broadcasting . With the help

of 3G it provides the services which was much more data-driven and capable of deliv-

ering a reliable service with higher data rates compared to 1G and 2G networks. 3G

networks have throughput up to 2Mb/s.

In 4G/Long-Term Evolution (LTE) networks initialized in 2009, multiple-input and

multiple-output (MIMO) antenna architecture, orthogonal frequency-division mul-

tiplexing (OFDM) and all-internet protocol (IP) technology were jointly applied to
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achieve high-speed mobile data transmission9 . 4G has been a significant success both

technologically and commercially.Wireless communications are becoming popular

with the growth of tablets and smartphones, enabling a significant 4G network data

throughput, as well as information and communication technologies that accompany

4G have contributed to transform society [2]. Throughput of 4G networks reaches up

Figure 1.1: An Overview of 1G-6G Devices and the Corresponding Technology Break-
down.

to 100 Mb/s.Because current LTE wireless networks are unable to handle such high

levels of data traffic, wireless communication is transitioning to new fifth-generation

(5G) networks. In contrast to present 4G , 5G networks are predicted to deliver faster

data rates, a 5x reduction in end-to-end latency, and a 10x increase in device battery

life.In the 5G era, indoor and data services in densely populated locations will remain

the primary focus. However, there have been a lot of cutting edge communication and

networking technologies that have yet to be integrated into 5G requirements. The

key factors are supply and demand oriented. Despite the fact that 5G have pursued a

steady evolutionary framework that helps to supply even more and faster service be-
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yond 4G, it does not contain any ground-breaking technologies. Instead, it maintains

the core performance enhancing methods that have been in place since 4G, with per-

formance gains coming from increased spectrum and hardware resources.

1.1.2 Current research on 6G networks

As 5G technologies will have to be fully implemented globally. Furthermore, there

seem to be various concerns with 5G networks that must be addressed. As a result,

it prompted us to research the concerns associated with 6G technology. Researchers

have started to study the forthcoming of 6G communication network as the As com-

mercialization of 5G communication networks progresses, technologies for next-

generation (i.e., 6G) communications are also being investigated by researchers to

study the forthcoming of 6G communication network and to accomplish communica-

tions that are speedier and more dependable [3]. A numerous researchers already have

shared their thoughts for 6G, and extensive research initiatives already have started. In

current research they mainly focus on lifetime of battery of mobile device and the ser-

vices they provided. Rather than data rate and throughput of a network. Over the next

10 to 25 years, 6G would be the most important study field. The prime requirements

of 6G technology are 1 THz operating frequency and data rate of 1 Tb/s. The opera-

tional frequency of 1 THz and the maximum throughput of 1 Tb/s are the two most

important parameters for 6G technology.

More notably, 6G technology will make the Internet of Things possible. The potential

applications of 6G is shown in Fig (1.2). However, from the standpoint of technical

development, now is the time to start thinking about what the future beyond 5G (B5G)

or 6G mobile networks should be in order to meet the need for wide area networks by

2030. The 6G will provide advanced services such as immersive mixed reality, high-

fidelity mobile holograms, and digital replication [4] .

For 6G, the Key Performance Indicators (KPIs) used in the 5G communication net-
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Figure 1.2: Potential Applications of 6G.

work will be accurate and authentic, and more research will be done to enhance the

efficiency of pre-owned KPIs. The following table shows some KPIs of 5G and 6G

networks

1.2 Main Concept

6G technologies are expected to enhance accessibility and data rate requirements

while also allowing users to access with one another from anywhere.The main con-

cern for the wireless network is the competency of administrating large volumes of
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Table 1.1: Key Performance Indicators
KPIs 5G 6G
Peak Data
Rate

10Gb/s 1Tb/s

End to End
Delay

10ms <1ms

Latency 1ms 0.1ms
Reliability 1−10−5 1−10−9

Mobility 500km/h 1000km/h
Spectral
Efficiency

30b/s/Hz 100b/s/Hz

data and connectivity of data rate for each device. Many technologies have been ex-

amined and investigated for the future of 6G wireless communication networks among

them are Reflecting Intelligent Surfaces (RIS) can be viewed as a hard ware founda-

tion for computation hungry applications in wireless communication networks [5].

RIS had also subsequently evolved as a highly promising solution for allowing a cost-

effective intelligent and programmable wireless environment. Different from the exist-

ing technologies, RIS has the potential to realize the diverse applications of 6G at low

hardware cost and energy consumption, As illustrated in Fig (1.3). RIS, often known

Figure 1.3: Emerging applications of RIS for 6G wireless networks.
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as a large intelligent surfaces (LIS), is made up of many RIS units, that are controlled

by programmable varactor diodes. Electro-magnetic response, i.e. phase shift towards

incident signals, may be software-defined for each element each of which may mod-

ify the incident signal independently. In general, the modification might be in phase,

amplitude, or frequency. Most studies to date have treated the change as a phase shift

exclusively to the incident signal, implying that a RIS costs no transmit power. The

wireless environment can be intelligently controlled using RIS to increase the strength

of the signal delivered at the destination [5]. In reality, RIS has a lot of potential in

terms of attaining a broad range of attractive features that will help 6G achieve signifi-

cant efficiency gains, such as:

• Coverage Elongation: By constructing a virtual line-of-sight (LoS) link to

avoid signal obstruction between nodes, coverage can be extended to accom-

modate inter-connectivity and super duper data rates.

• Interference Reduction: By effectively nullifying interference, interference

reduction can improve the user’s QoS, while reducing co-channel interference

and improving signal receipt strength.

• Localizing Advancement: By providing controlled reflecting signals and func-

tioning as the central node for localized sense, location efficiency can be im-

proved for vertically and commercial processes.

It’s in stark comparison to prior strategies that improved wireless communications by

manipulating the transmitter or receiver’s settings. It can be readily affixed to walls,

buildings, or interior ceilings due to RIS. It is simple to incorporate into an existing

network because of its flexible replacement, deployment, and scalable cost. It is a key

enabler technology for providing the goal of 1 THz operating frequency and data rate

of 1 Tb/s.

RIS may be designed to shape the channel by regulating the back scattering, direction

of signal , and by electromagnetic waves scattering , which can be used to efficiently
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reduce D2D interference and meet high data speeds. In principle, the electrical size of

the unit reflecting elements deployed on RIS is between λ/4 and λ/8, where λ is a

wavelength of Radio-Frequency (RF) signal [6] . In comparison to traditional antenna-

array systems, a RIS can deliver more dependable and space-intensive communication

As a result, the usage of RIS for future 6G wireless networks has been identified as a

viable technology. RIS is commonly used for two types of wireless networks: a) as an

RF chain-free transmitter; and b) as a passive beam former acquired from source) to

the target destination. Some of the potential benefits of RIS are:

• RIS assistance B5G/6G Networks: Mobile Networks with RIS can affect sev-

eral elements of wireless network,such as throughput, bandwidth, QoS restric-

tions and security of physical layer. In a mobile network, D2D links must share

same spectrum resources as mobile links. RIS can modify element phase shifts

and provide advantageous beam steering, reducing aggravated interference pro-

duced by D2D connections.

• RIS-aided MEC networks: Automatic household appliances, smart mobility,

automated driving, smart health monitoring systems, intelligent transportation,

industrial automation, and emergency management are all possibilities for the

upcoming IoT network. In terms of computing capacity and resource allocation,

MEC is a feasible option. A RIS-assisted MEC system can greatly outperform a

traditional MEC system that does not use RIS.

• RIS-aided mm-Wave: mm-Wave and Terahertz transmissions are intriguing

alternatives for rate-hungry wireless systems such as online games and virtual

worlds, because to the abundance of available bandwidth in the high frequency

band. When direct path between BS and user are obstruct, RIS in conjunction

with mm-Wave networks provides an operating channel to establish commu-

nication. Furthermore, in the event of poor service conditions, the RIS passive

beamforming gain can increase network performance, allowing for dependable

8



and energy-efficient communication at a low cost.

• RIS-aided UAV networks: By adding RISs, UAV-enabled wireless communi-

cation is enhanced. The capacity of RIS to destructively integrate signals can be

used to reduce the Inter-cell interference that develops in future UAV-authorize

networks due to prevailing channel capacity between BS and UAVs in nearby

cells.

• Other applications: RIS can be used in conjunction with technologies like

OFDM, NOMA, MIMO, SWIPT to increase the network capability. RIS will

help these wireless technologies to increase their spectral performance and cov-

erage area while saving money and energy.

RIS can boost the average attainable rate and cut the data transmission time in half In

general, when direct connections have poor quality, a RIS automatically configures

the wireless environment to aid transmissions between the sender and the receiver.

Currently, throughput has received a lot of attention after the concept of RIS as a vi-

able technique for cellular networks beyond 5G and to ensure QoS transmission to

each mobile user by maximizing the throughput and number of admitted users in a

network. There exist a few recent works on joint user and throughput maximization in

RIS-assisted networks.

1.3 Resource Allocation:

For successful and reliable communication, each user needs better resources Ideally,

we would like to jointly distribute the various wireless resources in the network, i.e.,

power, spectrum, back haul, cache,throughput, energy efficiency and computation re-

sources to maximize the aggregate data rate in the network. RIS is the primary solu-

tion in deploying the 6G and In resource allocation for wireless communication net-

works.
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1.4 Motivation

In response to the dramatic increase of use of smartphone devices and technologies

and to the ongoing development of autonomous vehicles and Internet of Things (IoT)

devices. RIS is considered as a promising technology for 6G wireless communication.

Using the advantages of RIS to configure the wireless environment smartly it can in-

crease strength of the signal delivered at the destination. The present growth of mobile

and smart devices and the need for higher rate data transmission on mobile networks

in the near times motivated us to further study about RIS. RIS aided communication

should be human-centric, which means that traditional communications systems will

continue to play a prominent role in 6G so we have to enhance the coverage of a net-

work rapidly and in a cost effective manner and RIS can yield this since they need

neither analog-to-digital/digital-to-analog converters nor power amplifiers.

1.5 Shortcomings of Existing Literature

Some early-attempt studies have studied the system model described in this research,

and after reviewing their literature we observe the short comings in the existing tech-

nique.

In [7] an iterative method is used which can quickly determine the feasibility of the

information rate and these are BCD and MN method. The optimized RIS can improve

the feasibility probability by 40% to 50%. By using this technique but the main draw-

back of using BCD is that it may take longer time for convergence and it can be com-

plicated. The computational complexity of BCD and MN is much higher. To optimize

the feasible sum rate for all the users the authors used AMO (alternating manifold

optimization) and SCA (successive convex approximation) methods In terms of sum-

rate, the suggested alternating optimization methods surpasses state-ofthe-art tech-

niques, but the complexity of each phase is the biggest disadvantage of SCA[8].
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In [9] the GD method, local search algorithm is used for the task of enhancing the

weighted rate of the D2D network. Due to frequent updates, in Gradient descent method

the steps taken towards the minima are very noisy due to which, it may take longer

time to achieve convergence to optimal solution. SCA, SDR method and swap matching-

based Algorithms are used to enhance both system throughput and efficiency. The

SDR method converges slowly and Computational. Complexity of proposed tech-

niques has not discussed[10] .In [11, 12, 13, 14, 15] many techniques have been dis-

cussed to enhance the throughput and data rate for a network but the problem associ-

ated with these are there longer span time and higher computational Complexity.

In [16] the formulated minimal SINR maximization issue is devised. The two con-

cepts for changing the reflective surfaces based on SDR and SCA has been proposed,

the suggested algorithm is unable to obtain the static solutions, and the complexity is

somewhat high, especially for large-size RIS.

With aim to enhance the rate has been studied, the authors used SDR technique along

with STM method. The main drawback with STM method is that it experience small

loss in terms of performance of system[17].

They suggested the alternating weighted MMSE method for Maximizing throughput

for MIMO System but this method is not a practical solution. Indeed, the iterative na-

ture of the algorithm combined with complex operations such as matrix inverses at

every iteration lead to significant delays which render the solution meaningless in a

fast fading channel [18].

The CMA method is used to enhance the cell coverage. The drawback in this method

is that as the received SNR is negatively associated with the distance between BS and

the RIS, cell coverage declines [19]. In an effort to reduce the overall mean squared

error of network (MSE) they used to create , RISMA and Lo-RISMA, that can either

find simple and efficient solutions but it may take longer time for convergence [20]. In

[21] The problem of maximizing system throughput was achieved by the design of the

power allocation and reflection coefficient method. The problem associated with this
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method is that it takes longer span time.

The main problem associated with the BCD,SDR and SROCR technique discussed

in [22]is its computational complexity. In order to achieve better SINR Dinkelbach

Based RA is used. Dinkelbach’s algorithm is introduced as an efficient method for

solving large scale MINLP problems but the drawback associated with this technique

is higher cost of computation [?]. In [?] to get a high-quality solution, a JPPBO tech-

nique has been put forwarded. This algorithm uses extensive computational resources.

1.6 Problem Formulation

To the best of our knowledge, the existing work lack the joint user and throughput

maximization problem, also all existing techniques could not either completely cater

the computational complexity and convergence analysis or lagged effective resource

allocation models, the time span was longer to achieve the desired results.

After examining literature review it is concluded that existing techniques could not ei-

ther completely tackle the computational complexity and convergence analysis. The

time span for some existing techniques was long. Despite of this most models con-

sidered the fixed location of RIS, whereas our proposed model considers the random

location of RIS which gives flexibility and reliability to our proposed system model.

1.7 Contributions

The main contribution of this thesis are as follows.

• We formulate the joint user and throughput maximization problem for RIS

based beyond 5G/6G wireless networks subject to power, RIS phase shift and

QoS constraints. The RIS-assisted multi-user communication system is investi-

gated, in which a Base Station (BS) equipped with multiple antennas supports
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numerous mobile users using only a single antenna.

• We introduced the Mesh adaptive direct search (MADS) algorithm to obtain the

global optimum solution to the given problem. The issue of throughput maxi-

mization is a kind of mixed integer nonlinear programming (MINLP) that can

be handled with MADS. The suggested algorithm has a substantially lower

complexity than the traditional technique.

• User association and throughput are optimized so that the majority of users can

be handled while the network’s QoS is improved.

• Extensive simulations are used to test the effectiveness of the suggested algo-

rithm, which delivers the best optimal answer and effectively distributes power

and resources to the user.

• By using different network parameters and by considering RIS reflection fac-

tors, we contrast the effect of our proposed model,with the model without using

RIS in a wireless network and by comparing other algorithms performance with

our proposed algorithm.

• The performance of Proposed Model is benchmark for our algorithm. The sim-

ulation results indicate that RIS can improve the throughput of network signif-

icantly, even for the scenario where the direct links of users are weak. Besides

this, the results suggested that our proposed algorithm converges quickly and

improves efficiently the joint user and throughput of an RIS assisted network.

1.8 Thesis Outlines

The rest of the thesis is organized as follows:

• Chapter 2 describes Literature Review which contains recent study of RIS that

have already been carried out into different categories and also highlights the
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difference between recent work and our proposed work of RIS and its existing

literature’s shortcomings and frequency limited existing literature’s problems.

• Chapter 3 describes the system model and the proposed technique for joint user

and throughput maximization in RIS assisted networks that guarantee the higher

system throughput and user maximization as compared to conventional commu-

nication network.

• Chapter 4 presents the numerical simulation and discussion to illustrate the ap-

plicability and efficiency of the proposed solutions.

• Chapter 5 presents the conclusions and future research directions of our work.
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Chapter 2

Literature Review

This chapter illustrates the essential background information on which the presented

work is formed: in particular, sections 2.1 recalls the needs of the KPIs to be opti-

mized in this thesis, sections 2.2 provides the general idea of resource allocation and

its parameters. It also provide an insight how we can efficiently distribute the resources

in wireless communication network. Several performance indicators, including as

throughput, fairness, and QoS, can be optimized with tolerable complexity using the

resource allocation policy. Section 2.3 discusses the literature related to capacity max-

imization, 2.4 recalls the literature related to latency minimization and of other re-

lated work regarding RIS and section 2.5 recalls the literature related to throughput

maximization in RIS assisted network. Section 2.6 contains some of the constraints

common in all the literature. Finally, the summary of the literature is concluded in the

table at the end of this chapter.

2.1 Background

As discussed earlier that as commercialization of 5G communication networks pro-

gresses, technologies for next-generation (i.e., 6G) networks are also being inves-

tigated to accomplish communications that are speedier and more dependable. To
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increase the capacity and date rate many wireless technologies have been suggested

therefore joint user and throughput maximization in RIS assisted network, has emerged

as a significant metrics for wireless network. The aim of throughput maximization is

to save bandwidth and reduce power consumption.

Some early-attempt studies have studied the system model described in this research,

in which diverse objectives are considered whereas several investigations imply that

all associated channels’ complete channel state information (CSI) is available. A few

articles have surfaced in the literature based on RIS-assisted networks that maximize

the throughput and admitted users of the network.We examine both relevant studies in

throughput maximization and user maximization in RIS assisted wireless communica-

tion networks because our study integrates both users, throughput maximization, and

wireless communications assisted by RIS.

2.2 Resource Allocation Management

To effectively execute network resources, future wireless networks will require Joint

User And Throughput Maximization In Reconfigurable Intelligent Surfaces (RISs) As-

sisted Beyond 5G/6G Networks. Resource allocation rules are at the heart of wireless

communication systems, since they strive to ensure the requisite QoS at the user level

while also assuring effective and optimized network operation to maximize opera-

tors’ income. In wireless communications, resource allocation management can cover

a wide range of network functions, including scheduling, transmission rate control,

power control, bandwidth reservation, user association control, transmitter assignment,

handover, throughput, energy efficiency and computation resources to maximize the

achievable rate in a wireless network. [4]

As discussed earlier RIS is a technology for allocating resources for wireless systems

that can be reconfigured and have gained a lot of attention in academics and industry

recently.The idea of resource allocation is demonstrated in the figure 2.1.
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Figure 2.1: Resource Allocation Model Illustration.

2.3 Capacity Maximization

In [7] the RIS is adjusted by the edge server to increase its earnings and rate of MEC

Network while preserving the benefits of computation offloading for Mobile Devices

and ensuring that each MD receives a unique data rate.The optimization type is non-

convex. To solve this, the authors proposed an iterative method that can quickly deter-

mine the feasibility of the information rate needs and discover the best solution which

is the BCD and MN method, The RIS-assisted techniques can greatly enhance the in-

formation rate by the BS to MD while also successfully increasing the edge server’s

profit. The main drawback of using BCD is that it may take longer time for conver-

gence and it can be complicated. The computational complexity of BCD and MN is

much higher.

In [8] a millimeter-wave (mm-Wave) non orthogonal multiple access (NOMA) sys-

tems with RIS is being studied. The objective is to optimize the feasible sum rate for

all the users subject to minimum transmission power and rate constraints. The author’s

design an alternating optimization approach to handle this non-convex issue. AMO

and SCA methods are used to solve this problem. The transmit signal in mm-Wave

NOMA communications frequently suffers from substantial path loss, which is solved

via RIS. In terms of sum rate, the suggested alternating optimization methods surpass
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state of-the-art techniques, The performance improvements of RIS assisted NOMA

systems could be boosted by carefully selecting the placement of RIS. The complexity

of each phase is the biggest disadvantage of SCA technique.

In [9] The task of enhancing the weighted rate of the D2D network is developed by

optimizing all link transmit powers as well as elements of discrete phase shifts. To

produce a sub-optimal solution for the non-convex issue, the authors in that paper pro-

posed an alternate optimization method. By using number of RIS elements based on

providing multiple signals to RIS a bad channel could be converted into a good chan-

nel condition.By using proposed algorithms performance of the system improved.

When the threshold is smaller the GD method may take longer time to achieve con-

vergence to optimal solution.

In [10] multi-cell RIS-assisted NOMA networks is investigated, to improve the wire-

less service and to enhance the sum rate subject to QoS and conditions for SIC de-

coding and transmission power constraints is proposed in that paper. The suggested

resource allocation algorithms like SCA and SDR outperform the benchmarks. The

proposed techniques have the potential to greatly enhance both system throughput and

efficiency but the main drawback associated with the SDR method is that it converges

slowly and computational complexity of proposed techniques has not discussed.

In [11], the RIS-assisted SWIPT MIMO systems WSR maximizing problem has been

discussed. In this authors devised an algorithm known as the BCD for optimizing the

pre-coding transmit matrices regarding BS and in the RIS the matrix of phase shifts in

different ways. This algorithm ensures that it is, at the very least, locally optimal. Us-

ing the benefits of RIS improves the SWIPT system’s performance, and the suggested

method converges quickly, making it ideal for practical implementations but the detri-

ment of this BCD method that it may take longer time for convergence and it can be

complicated.

In [12], both the ideal and imperfect CSI configurations are studied in the RIS-assisted

multi-user downlink MISO system. However, because the RIS is passive and lacks a
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channel, flawless CSI is not always attainable. This problem is solved using the BCD

and is applied to the faulty CSI setup, and the average WSR is maximized using the

stochastic SCA technique but the main drawback of BCD approach is that it is not

always convergent to the best solution. Near the ideal, it may be slower and the com-

plexity for both methods is somewhat high, especially for large-size RIS.

In [13], a viable RIS scenario with its accompanying limits, the asymptotic optimal

of achievable rate in a down-link RIS system is investigated. The authors presented

a modulation method that results more realistic sum-rate than a traditional approach

without RIS. They also devised a resource allocation technique it can manage the trade

off between individual performance fairness and the effectiveness of the network. The

proposed technique satisfy the minimum rate requirement for each user and system

performance also improves while number of users increases but the weakness of this

technique is its computational complexity. The future of this work will be to entail

applying our findings to more realistic circumstances, like the MIMO OFDM network.

In [14], the least weighted average of the coordinated beamforming at the transmitter

and the reflected beamforming on the RIS side is maximized. RIS will be used to help

with multi-cell communication in this paper. Owing to the interaction among these

vectors, the formulated minimal SINR maximization issue is devised . The authors

suggested efficient AO-based algorithms. In particular, the authors made use of SOCP

to improve transmit beamforming. The two concepts for changing the reflective sur-

faces based on SDR and SCA have been proposed. The SCA guarantees convergence

technique for improving reflecting beamforming concerning RIS. The SDR technique

yields pretty decent results; however, the suggested algorithm is unable to obtain the

static solutions, and the complexity is somewhat high, especially for large-size RIS.

In [15], the OFDM assisted with the RIS model intending to enhance the rate has been

studied, and the authors suggested a new transmission protocol that will shorten the

time for data transmission. The maximum data transmission rate that can be achieved

by RIS has also been maximized with the help of proposed algorithms. The SDR tech-
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nique along with STM is used. The SDR and STM algorithms are efficient and pro-

vide optimal solution, STM method provides better low complexity compared to SDR

but the main drawback is that it experiences a small loss in terms of performance of

the system.

In[16], the fundamental challenge in the resource allocation (RA) problem in HetNets

is determining power allocation and user association mechanisms to achieve better

SINR has been discussed. By intelligently combining channels, it is highly desirable

to investigate the usage of RIS to give more pathways and develop stronger combined

channels. Two computationally efficient RA techniques for maximizing the trans-

mit power at the downlink in an IRS-enabled HetNet were given, Under the single-

user system, the SBS and phase shifts at the RIS and the instances involving many

users, respectively. As the bigger reflecting element offers more reflecting signals, the

overall data rate attained by the SCUs rises. The suggested technique i.e Dinkelbach

method may increase the overall data rate of SCUs while maintaining QoS at macro-

cell user (MCU). The suggested technique is proposed as an effective way for address-

ing extensive MINLP issues, but it has the shortcoming of a greater computational

cost.

2.4 Latency Minimization And Other Related Work

In [17] the latency-minimization issue was defined based on this model, subject to

RIS phase shift constraint. To address this non-convex problem, the BCD method is

used, and then low-complexity iterative algorithms MM and MN methods are used

to optimize the computing and communications settings separately. The authors with

the simulation results proved that our RIS-assisted MEC system can outperform a tra-

ditional MEC system that does not use RIS. A design based on the minimization of

energy for RIS-assisted MEC systems will be designed as part of our future study.

In [18] The problem of learning error minimization is formulated. The very non-
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convex optimization problem produced by the nonlinear learning error was addressed

with efficient techniques i.e AO, ADMM and SCA algorithms. The SCA method

is used to solve the problem of power allotment. Th AO algorithm converges faster

which is moderately coherent while ADMM converges slower to the optimal solution.

In [19] using one BS and one UE, the coverage of a downlink RIS-assisted network

has been studied. By evaluating the orientation of RIS and horizontal distance, the cell

coverage can be increased. The CMA method is used to enhance the cell coverage.

The authors analyzed that the RIS indeed be positioned vertically about the BS’s di-

rection. In comparison to the random technique, it provides more mobile coverage.

The drawback of this method is that as the received SNR is negatively associated with

the distance between BS and theRIS, cell coverage declines, Therefore we should put

a modest distance between the RIS and BS.

In [20] they investigate a scenario for MISO user equipment’s (UEs) using RIS to deal

with non-line-of-sight paths. To reduce the overall mean squared error of the network

(MSE) they used to create, RISMA and Lo-RISMA, that can either find simple and ef-

ficient solutions but it may take longer time for convergence. Besides this also looked

at the benefits of RIS in dealing with NLOS difficulties in crowded urban contexts,

where huge IoT deployments are predicted shortly.

2.5 Throughput Maximization

In [21], the authors look into the trade-off between the performance of network and

energy resources in downlink transmissions for the RIS-NOMA model. The problem

of maximizing system throughput was achieved by the design of the power allocation

and reflection coefficient method that is both efficient and effective. When the RIS

is close to the user, there exists a strong relationship between RIS and the user. As a

result, by carefully selecting the location of the RIS, the system’s performance can be

considerably improved.The problem associated with this method is that it takes longer
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span time.

In [22] the authors studied, achieving a commutation between complexity and perfor-

mance in multi-user RIS-assisted wireless power communication networks (WPCNs).

This paper looked at a wireless powered hybrid NOMA and TDMA network that was

aided by the RIS, the throughput of the network has been maximized. An efficient

algorithm was proposed to tackle the mentioned tough problem using the Block Coor-

dinate Ascent (BCA) , SDR, and SROCR techniques. It outperforms other benchmark

algorithms in terms of throughput. It’s also been discovered that grouping users into

multiple clusters produce more independency for the joint RIS beamforming and allot-

ment of time. The main problem associated with the technique discussed in this paper

is its computational complexity. It can be carried out on the BS, with the results being

communicated to the RIS and users through a secure control line.

Following a thorough examination in this section and reviewing Table 2, the subse-

quent research shortcomings discovered in previous work are presented to the best of

our knowledge:

• The existing work lacks the resource allocation model for throughput maximiza-

tion, power allocation and user maximization at the same time for RIS assisted

wireless network.

• The existing techniques could not either completely cater the computational

complexity and convergence analysis or lagged the effective resource allocation

models,the time span was long to achieve the desired results.

• Most models considered the fixed location of RIS as compared to random loca-

tion of RIS which does not gives flexibility and reliability to the system.

It can be determined that the present growth of mobile and smart devices and the need

for higher data transmission on mobile networks in near times motivated us to fur-

ther study about RIS, and As a result of the gaps discovered in previous research, this
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study looks at joint user and throughput maximization problem in RIS assisted Net-

work. RIS transforms uncontrollable wireless channels into a smart radio environment

that can be controlled. Motivated by the benefits of RIS we investigated a multi-user

communication system. The objective of the proposed work is to maximize the joint

user and throughput of a RIS-assisted network in terms of resource allocation and en-

sure QoS for each user.

2.6 Common Objective Functions and Constraints

Some frequent goal functions and constraint functions in network optimization issues

can be derived after reading the literature survey in the previous section. The follow-

ing are some of the most popular objective functions:

• RIS Phase shift and Amplitude: To fully utilize the ability of RIS to intelli-

gently configure the wireless environment, we consider that the reflecting am-

plitude can take values between {0,1} and the reflecting angle can take values

between {0,2π}.

• QoS Constraint: It ensures that the user’s data rate is accurate and must be

greater than or equal to the operator-defined minimum threshold. If the data

rate cannot be provided due to channel conditions, greater than or equal to the

threshold then the user will be denied access to the specified BS.

• Transmit Power Minimization: This limitation ensures that the overall trans-

mit power of the BS should be less than or equal to the power of all connections

of the BS. Consequently, the user’s transmit power must be lower than or equal

to its overall transmit power.

• Associated Users: Associated Users constraint for communication is that, a

single user must be connected to a single BS. Typically, it is a binary restriction
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with a value of {0,1}.

Summary of the literature review is given in table 2.1:
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Following a thorough examination of Literature Review and reviewing Table 2.1, the

subsequent research shortcomings discovered in previous work are presented to the

best of our knowledge:

• The existing work lacks the resource allocation model for throughput maximiza-

tion, power allocation and user maximization at the same time for RIS assisted

wireless network.

• The existing techniques could not either completely cater the computational

complexity and convergence analysis or lagged the effective resorce allocation

models,the time span was long to achieve the desired results.

• Most models considered the fixed location of RIS as compared to random loca-

tion of RIS which does not gives flexibility and reliability to the system.

It can be determined that the present growth of mobile and smart devices and the need

for higher data transmission on mobile networks in near times motivated us to fur-

ther study about RIS, and As a result of the gaps discovered in previous research, this

study looks at joint user and throughput maximization problem in RIS assisted Net-

work. RIS transforms uncontrollable wireless channels into a smart radio environment

that can be controlled. Motivated by the benefits of RIS we investigated a multi-user

MISO communication system. The objective of the proposed work is to maximize the

joint user and throughput of a RIS-assisted network in terms of resource allocation and

ensure QoS for each user.
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Table 2.1: Study Table

Ref Objective Constraints Optimization
type

Throughput
maximiza-
tion

U.A. PA RIS Multi
Antenna
BS

DL Solution/Algorithm

7 Maximize earn-
ing and rate to
MDs

Information rate,
SINR

Non-Convex ✓ ✓ ✓ BCD, MN

8 Maximize the
achievable
sum-rate

minimum rate,
transmission
power, RIS
phase shift

Non-Convex ✓ ✓ ✓ ✓ ✓ AMO, SCA

9 Maximize the
total system
rate

QoS, SINR,
power, discrete
phase shift

Non-Convex
(MINLP)

✓ ✓ ✓ GD method, local search al-
gorithm, sum rate maximiza-
tion algorithm.

10 Maximize the
achievable
sum rate and
to improve
coverage
in NOMA
network

Max power, QoS Non-Convex
(MINLP)

✓ ✓ ✓ ✓ ✓ SCA, SDR method and swap
matching-based Algorithms

11 Maximize
WSR of RIS
and enhance
performance of
ERs

total power,
phase-shift,
harvested-power

non-convex ✓ ✓ ✓ ✓ BCD Algorithm

12 Maximize the
WSR of mobile
users

QoS, transmit
power

Non-Convex ✓ ✓ ✓ ✓ WMMSE-Algorithm, BCD,
SCA Methods

13 Maximize
system
sum-rate in
downlink
system

Transmit-power,
RIS Control
Link Capacity,
SINR

Non-Convex ✓ ✓ ✓ ✓ ✓ Reflection Phase Selection
Algorithm, RA Algorithm

14 Maximize
the minimum
weighted
received SINR
at users

transmit power
at BSs,
reflection
constraint at
RIS

Non-Convex ✓ ✓ ✓ SOCP,SDR ,SCA Methods

15 Maximize
the average
achievable rate

Power, unit-
modulus
reflection
coefficient
constraints

Non-Convex
(MINLP)

✓ ✓ ✓ ✓ ATP, STM, SDR Methods

16 Maximize
SINR and sum
rate of SCUs

Transmit-Power,
SINR, phase
shifts at the RIS

Non-Convex ✓ ✓ ✓ ✓ ✓ Dinkelbach Based RA for the
Single-user RIS HetNet, Iter-
ative Based RA for Multiuser
Algorithm

17 Minimize
weighted
computational
latency

edge computing
capability, RIS
phase shift

Non-Convex ✓ ✓ BCD, MM, MN

18 Maximize
the learning
performance

Transmit power,
SINR, RIS ele-
ment constraint

Non-Convex ✓ ✓ ✓ ✓ AO, SCA, ADMM based Al-
gorithms

19 Maximize the
cell coverage
in downlink
network

transmit power,
reflection coeffi-
cient at RIS

Non-Convex ✓ CMA

20 Minimize
the SMSE
of RIS-aided
systems

Phase shift at
RIS, Power

Non-convex ✓ ✓ ✓ RISMA, Lo-RISMA Algo-
rithm

21 Maximize
System
Throughput

Transmit Power
Budget, Reflec-
tion Coefficient
at RIS

Non-Convex ✓ ✓ ✓ ✓ ✓ Novel Resource Allocation
Algorithm

22 Maximize the
throughput of
the network

Reflection
Coefficient at
RIS, transmit
power and
information
transmission

Non-Convex ✓ ✓ ✓ ✓ SROCR, RIS Reflect Beam-
forming and Time Allocation
Algorithms

This
Work

Maximize
Joint user and
throughput

Power, QoS,
Phase Shift at
RIS

Non-Convex
(MINLP)

✓ ✓ ✓ ✓ ✓ ✓ MADS
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Chapter 3

System Model And Proposed

Technique

3.1 System Model

This thesis considered a wireless network model with the base station (BS) equipped

with multiple antennas and K single-antenna mobile users and analyses a RIS-aided

multi-user MISO communication system. The communication link between mobile

users and the BS is assisted by RIS, as shown in Fig 3.1. We suppose that all of the

channels are flat-fading in a quasi-static manner. As a result, the BS can get channel

status information (CSI). Let’s assume the BS hasM antennas and the RIS hasN re-

flecting elements. The wireless channel between the BS and users can be LOS or non-

line-of-sight (NLOS). Assuming the direct link is weak between BS and users so that

the efficiency of RIS could be observed, the CSI is accessible that tells about the char-

acteristics of signal transmitted from transmitter to receiver and also we assume that

no beamforming is done at the transmitter side. The channel between the BS to the k-

th is represented by hd,k ∈ C1×M , and similarly, from the RIS to k-th user, as well as

between the BS and the RIS is represented by, hr,k ∈C1×N and G∈CM×N ,respectively.

Here C represents the set of all complex numbers. Proposed system model is shown in
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Fig (3.1). As shown in the diagram the signal is transmitted from the BS to the RIS

and then RIS will modify the incident signal by changing the phase shift and the re-

flected signal is then travel to the mobile user

Figure 3.1: System Model Illustration.

3.2 Resource Allocation Model

The proposed model accommodates for downlink, RIS based network. A wireless net-

work consisting of BS with M number of antennas and K number of mobile users. The

BS sends the signal to RIS having N reflecting elements at the RIS and then to the

users as the direct link between the users and the base station is weak. The phases of

incoming signals could be changed with the help of the RIS system of passively reflec-

tive elements, which aids communication. Space wave communication or near-line-

of-sight (NLOS) wireless channels connect the transmitters and receivers. We look at

a RIS aided model that can intelligently customize channel configuration by adjusting

the reflecting elements of phase shifts. By considering a RIS with N elements or units,

the phase shift matrix of a RIS as a diagonal matrix φ∈ CN×N is represented by [7]

Φ = diag(φ), f orφ = [k1e jθ1, ..,kNe jθN ] (3.2.1)
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θN and kN are the reflection coefficient of a RIS where kN denotes the reflection am-

plitude and θN , the phase shift of n-th RIS element respectively, and where N= {1,2,...,

N}. Given that the system is subjected to quasi-static flat fading channels. The BS

manipulates the reflected signal by changing the amplitude and phase of the RIS el-

ements. Here x, hk(φ), s(φ) represent transmitted signal, channel equations, and re-

ceived signal respectively. While hk(φ) ∈ CM×1.

x = ∑
k∈K

pksk (3.2.2)

hk(φ) = GΦhr,k +hd,k (3.2.3)

hk = hk(φ)ζ G0(
d0

d
)α (3.2.4)

s(φ) = ∑
k

xhk(φ)+N0 (3.2.5)

At the receiver, N0 ∈ CM×1 represents the white Gaussian noise (AWGN) a, N0∼

C N (0,σ2
0 ). The BS uses hk as the channel gain between the kth user and the BS to

decode signals associated with the k-th user. hk(φ) is a Rayleigh flat fading channel.

G0 be the antenna gain and ζ 10
ζ

2 represents log-normal shadowing, where ζ denotes

zero mean Gaussian random variable with σ standard deviation and the channel gain

is modeled as shown in eq (3.1.4). The signal-to-interference-plus-noise ratio (SINR)

is given as

γk =
pkhk

N0
(3.2.6)

The allowable information rate of the k-th Mobile user rk is calculated using Shan-

non’s formula.

rk = log2(1+ γk) (3.2.7)
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The system’s overall data rate Rk is calculated as follows:

Rk =
K

∑
k=1

akrk (3.2.8)

A Binary Indicator is used that tells that the user k is connected or not to the RIS at a

time Subject to

ak ∈ {0,1},∀k ∈ K (3.2.9)

where K = {1,2,..., K}.

3.3 Problem Formulation

The number of transmitted bits over a period of time or the amount of data flow down

a network. Throughput is measured in bits/sec. In differentiation to conventional com-

munication model, in which typically the main aim is usually to optimize throughput

or energy efficiency in a wireless network. As compared to conventional methods,

This paper formulates a problem that maximizes the joint user and throughput, based

on mode selection in RIS assisted Network. Our work generalizes the system model of

multi-input-single-output (MISO) of a RIS-assisted wireless network.

First and foremost, we want to increase the rate or throughput. The problem at hand

can be stated as follows:

T hroughput = max
p,ak

K

∑
k=1

rk (3.3.1)

Let y denote the admitted users in a simulation then, Mathematically joint user and

throughput maximization problem can be written as:

Jointuserthroughput =
y
K

rk (3.3.2)
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We define a utility function that mathematically shows the joint user and throughput

maximization problem as follows:

F(p,ak) =
y
K

K

∑
k=1

rkak (3.3.3)

Utility function accompanied by constraints can be stated mathematically as:

max
p,ak,θn,φn

F(p,ak) (3.3.4)

subject to following constraints:

C1 :
K

∑
k=1

ak ≤ 1,∀k ∈ K (3.3.5)

C2 : pk ≥ 0,∀k ∈ K (3.3.6)

C3 : ∑
k∈K

pk ≤ Pmax (3.3.7)

C4 : pk ≤ akPBS (3.3.8)

C5 : kn ∈ {0,1},∀n ∈ N (3.3.9)

C6 : θn ∈ {0,2π},∀n ∈ N (3.3.10)

C7 : |φn| ≤ 1,∀n ∈ N (3.3.11)

C8 : ∑
k∈K

akrk ≥ ∑
k∈K

akRk (3.3.12)

Under the constraints C1 to C8, the goal of function in Eq. (3.3.4) is to maximize joint

user and throughput. C1 is the mode selection constraint (RIS selection constraint).

Constraint C2 assures that each user has a minimum power, indicating that the power

of thek-th user must be greater than zero to ensure communication. The maximum

transmits power budget is Pmax, which is larger than the power of the k-th user con-

nected to the base station, According to constraint C3, If a user is not attached to RIS

then no power is assigned to user, C4 assures that the if the user is connected then
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power is at high value. C5 and C6 are the kn and θn representing the n-th RIS unit’s

reflecting amplitude and angle, respectively for n ∈ N . Constraint C7 is the RIS phase

shift constraint and C8 shows that the rate of each user must be greater than the mini-

mum required rate. To effectively use the potential of the reflecting surface to change

the wireless environment, we consider that the reflecting amplitude and angle can both

be between {0, 1} and {0, 2π}. The condition C7 holds because φn = kne jθn comes

from Eq (3.1.1). Besides, in C8 it is to ensure that each MD can fulfill a fundamen-

tal communication, the information rate for each MDs should be no less than a re-

quirement rk. This model, which will be used in our paper, was adopted (with optional

changes) in [7].

3.4 Proposed Technique

The problem in 3.3.4 is extremely complicated and difficult due to the non-linear be-

havior of binary (mode selection, i.e., ak, integer (users admitted), as well as the non-

convex group of rate and power constraints. The outcome of the analysis approach

is NP-hardness as the number of binary variables and the values of integer variables

rises. Several general-purpose search algorithms are employed in various situations

to tackle optimization problems with continuous and discrete variables and nonlinear

functions. One of them is the exhaustive search algorithm. It produces and inspects all

data configurations in a wide state space that is certain to include the needed solutions,

and if you can wait long enough, you will succeed. While exhaustive search is theo-

retically straightforward and generally successful, it is sometimes regarded as unsubtle

when it comes to problem-solving. It fails if we have to seek a large set to analyze

because it takes a much longer time. Rather than being time-bound, the exhaustive

search is frequently memory-bound. Due to the enormous number of variables, it is

unable to identify a globally optimal solution. Hence the Mesh adaptive direct search

(MADS) algorithm is proposed to find the optimum global solution and as well as a
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solution to this problem in this section [23]

.

3.4.1 Algorithm Description

The Joint user and throughput maximization problem belong to a special class of

Mixed-integer nonlinear programming (MINLP). The MADS algorithm is used to

solve the proposed optimization problem. The MADS algorithm is a directional direct

search technique that generalizes the Generalized Pattern Search (GPS) method. The

utilization of dense sets of directions rather than a finite number of fixed directions

is MADS’ key advantage over GPS. This technique iteratively maximizes the goal in

equation 3.3.4 by using exploration and exploitation. It’s an iterative algorithm that’s

part of the Derivative-Free Optimization techniques.

It examines the sample points using a mesh, which is a discretization of the space of

variables. It controls the resizing and refining of the mesh while doing a robust search

on the column of underlying meshes in domain space. Every iteration of the MADS

algorithm seeks to enhance the previous renowned solution by beginning the simula-

tion at a limited number of sample points.

A MADS algorithm is divided into two steps for each iteration:

• the SEARCH step

• the POLL step

Trial points can be produced anywhere on the mesh using the search. The poll cre-

ates a set of trial points based on the poll directions. These directions get increasingly

dense. All evaluated points are on a mesh, but the mesh can be adjusted each iteration.

Each search step selects some points on the mesh to evaluate. If an improved point

is found, MADS may jump directly to resize the mesh. If no better point is found in

the search step, the poll searches for a better point within a fixed distance (the frame)
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of the current best point. If POLL somehow doesn’t achieve in identify a better so-

lution, the iteration will be labeled as failed. Resize the mesh up or down depending

on success in the last iteration. Utilizing the Search and Poll steps, the goal of each

iterate in MADS is to identify the minimum outcome amid certain sample points on

a predetermined mesh of points. The algorithm is supported by a convergence analy-

sis for non-smooth functions based on the Clarke Calculus. Initialization, SEARCH,

POLL, and parameter update are the four basic phases of the algorithm. The MADS

algorithm description flow chart is presented below [23].

3.4.2 Definition of Mesh

The use of two different kinds of mesh size parameters ∆m
k and ∆

p
k . Each trial point is

on the mesh at the kth iteration of the algorithm

Mk =
⋃

xk∈Vk

{xk +∆
m
k Dz : z ∈ NnD} ⊂ Rn (3.4.1)

where Vk is the set of points where the objective function has been computed since it-

eration k began, and ∆m
k > 0 is the parameter of mesh size parameter which determines

the mesh coarseness, where D is a fixed matrix composed of nD columns that repre-

sent the directions. It must satisfy some conditions but generally matches to [In - In]

with In the identity matrix in dimension n, and nD=2n standard coordinate directions,

i.e positive and negative.

3.4.3 Search and Poll Step

There are two major steps in every iteration are called search and poll. The search step

allows for great flexibility and enhancements to the algorithm. It provides for the for-

mation of a finite number of trial points and provides convergence as the points recline

to the mesh. The first step known as search can be problem-specific: It allows a user
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Figure 3.2: Flow Chart of Proposed MADS Algorithm

with some understanding of the best design that can utilize an appropriate search pro-

cess to inject this information. The poll, the second step, conducts a local evaluation

near the existing solution. The theoretical convergence is ensured by the poll step. It

constructs a group of candidates Pk, the poll set, which is defined as:

Pk = {xk +∆
m
k d : d ∈ Dk} ⊂ Mk (3.4.2)
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where Dk is the positive polling direction set constructed by taking combinations of

the directions set D. Dk is dependable on the implementation of MADS. The ∆
p
k is the

poll size the parameter that specifies the maximum distance at which trial points of

the poll from the current iteration can be generated xk, which is also known as the poll

center. When the poll observes an improved point it then moves xk, the frame center

to the newly upgraded point xk+1 for k+ 1 the upcoming iterate. The frame is said to

be a minimal frame when the POLL step fails to find the better mesh point and then

the corresponding frame center xk is known as the minimum frame center. This results

in mesh refinement, in which the mesh size is decreased to increase the mesh reso-

lution for the next iteration: △m
k+1 < △m

k . As the process progresses, the mesh and

poll size parameters evolve independently, resulting in a dense collection of poll direc-

tions in the unit sphere once normalized, implying that potentially any direction can be

probed.

3.4.4 Update Step

Following the search and polling phases, a final update is carried out. It determines

whether the iteration was successful or not, and then adjusts the mesh and poll sizes

accordingly. These sizes may be increased if the project succeeds, but they may be

reduced if the project fails. The two parameters do not decline at the same rate: the

mesh size decreases quicker than the poll size, allowing more and more alternative di-

rections as the mesh thins. In the unconstrained case, a success occurs when the objec-

tive is improved (via a simple decrease condition) on the objective. With constraints,

a filter-type algorithm called the progressive barrier (PB) is used. During the update

step, the success or failure of iteration k is determined. An iteration is declared suc-

cessful if a new non-dominated point is found. To terminate the algorithm, a variety of

stopping criteria might be explored, like the threshold on the mesh size parameter ∆m
k .
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3.4.5 NOMAD

We use the (Nonlinear Optimization by Mesh Adaptive Direct Search) NOMAD solver

to implement MADS algorithm to solve our problem. The MADS algorithm is imple-

mented using the NOMAD technique. The MADS approach, which originated from

the Generalized Pattern Search (GPS) method, may solve limited black-box optimiza-

tion problems. MADS works by generating a sequence of meshes of varying sizes

over the parameter space. After that, it does an adaptive search over the meshes to find

a global optimum. By introducing dynamic scaling and several forms of MADS to be

employed for specific sub problems, the NOMAD implementation of MADS improves

the method.

3.5 Complexity OF MADS

The complexity of proposed algorithm is described in this section. The number of

flops is used to determine the level of complexity. A flip is a legitimate floating-point

operation. With an increase in the number of Users, the complexity of the exhaustive

search algorithm grows exponentially. GPS is a useful algorithm, but the application

of non-smooth analysis techniques revealed its limitations due to the limiting number

of possible orientations.

MADS overcomes the GPS limitations of a finite number of poll directions. Unlike

the exhaustive direct search technique, which has a time complexity of O(n), the worst-

case time required for an exhaustive search grows directly with the size of the collec-

tion. As a result, when working with very large collections, they can become unman-

ageable slow; however, the MADS algorithm can handle large collections present.

MADS is a DFO method developed for black-box optimization with universal con-

straints.

The Exhaustive Search Algorithm (ESA) can find a globally optimal solution, but its
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complexity grows exponentially as the number of users in the network increases. If C

signifies an algorithm’s computational complexity and K denotes the number of users,

then the complexity of ESA will be as follows:

CESA = 22K

As MADS reduces the computational complexity by considering the problem as an

unconstrained programming problem. MADS converges in a finite number of itera-

tions, regardless of initial point knowledge or objective function gradient. The Com-

plexity of MADS is given by:

CMADS =
K2

ε

where ε represents the distinction from global optimal solution.

In the case of OAA one flop is consumed for the first five steps of the algorithm. Step

six, involving a while loop, consumes 2KM, steps seven, and eight consumes 4KMβ

each. Step nine consumes 2KMβ , step ten consumes two flops, step eleven consumes

two, and step thirteen again consumes one flop. The total count of the flops FOAA is

given as:

FOAA = 5+2KM+4MZβ +4KMβ +2KMβ +1+2+1

FOAA ≈ 2KM+10KMβ

K in the above expression represents the total number of users; M shows the number

of antennas employed on the BS, represents the number of constraints for a given

optimization problem, The complexity of the Outer Approximation Algorithm (OAA)

is given as follows:

COAA =
K2γ

ε
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where γ represents the number of constraints. As a result, MADS’ complexity is lower

than OAA’s, resulting in superior throughput performance.

3.6 Convergence Analysis

In contrast to standard optimization techniques, which depend on first or derivatives

that aren’t the same as the first derivative means of high order information to achieve

thee most desirable solution, The MADS technique can tackle an NLP issue in which

objective function is of nonlinear type and MADS does not require any knowledge

concerning gradient of the objective function’s. Unlike other methods, MADS is part

of the direct-search method family, which actively works with the function values

returned by the simulation without any knowledge of the problem’s attributes. In

the non-smooth and mixed variable sense, the convergence analysis, which uses the

Clarke non-smooth calculus, generalizes the existing theory for MADS algorithms,

and realistic conditions are developed for guaranteeing convergence of a sub-sequence

of iterates to a suitably defined stationary point. As compared to GPS, MADS gener-

ates a restriction point in the tangent cone in which the derivatives according to Clarke

is nonzero over all directions.

In [6], The proposed-MADS technique convergence proof is presented in its entirety.

The method converges to the global point x̂, where it meets all of the local optimal

requirements. MADS convergence is entirely dependent on local features of the goal

and constraint functions, not on the starting point x0 globally, where it satisfies all the

local optimal conditions.

The basis of convergence analysis assumes that x0 ∈ Ω, f(x0) is finite, and that for all

iterates, xk produced by the MADS algorithm lies in a compact set.

1. MADS produces the poll and mesh size parameters which satisfy

lim
k→∞

∆
p
k = lim

k→∞
∆

m
k = 0 (3.6.1)
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The cost in terms of affability be exist in the analysis of convergence which is premised

on the idea that the limitation of frame size (which functions similar to the poll size

framework of MADS) approaches zero. As we know that the parameter of mesh size

reduces to minimal frames. The above equation provides assurance there seems to be

an endless number of frame centers that are as small as possible.

2. The following three types of cones play a crucial part in their convergent examina-

tion which are hyper tangent, Clarke, and contingent cones respectively. Furthermore,

we shall pay attention in a particular way to individual subsequences when examining

MADS:

• Frame centers that are as small as possible

• Mesh size setting

• Normalized refining direction

3. The Converge hierarchy findings depend mostly on the reachable area’s local at-

tributes Ω.

The results are based on the idea that on a tangent cone, a set of instructions that must

be followed exactly (known as the directions for refinement) is dense. The study of

the conditions under which a MADS algorithm-generated subsequence of iterates con-

verges to a stringent local minimizer. The necessary optimality requirement is based

on the cone of possible directions rather than any of the three tangent cones used in.

One of the most appealing characteristics is that it is possible to be globally converged

to a clarification that meets local optimality constraints [6].
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Figure 3.3: ESA, MADS, and OAA computational complexity vs. the number of users
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Chapter 4

Numerical Simulations and Discussion

The simulation and numerical results are covered in this chapter to validate the effec-

tiveness of our presented algorithm used to solve the problem as defined in previous

chapter as shown in equation (3.3.4) in terms of joint user and throughput maximiza-

tion for RIS-assisted multi-user MISO network. This chapter also incorporates the

comparison of our proposed algorithm with other conventional algorithms to test the

efficacy of the method we’ve proposed.

4.1 Numerical Simulations and Analysis

The results of this study were achieved using a simulation setup to maximize the out-

comes in equation 3.3.4 which is a utility function maximization, the dilemma of eval-

uating the joint user and throughput of the system. We run several simulations to see

how well the transmission works in terms of throughput and also evaluate the poten-

tial benefits of deploying RIS in wireless networks. To achieve maximum throughput,

the results include effective resource allocation and user association. The effect of in-

creasing rate, power and the number of RIS reflecting units are also highlighted. The

simulation results also provide some insight into the suggested algorithm’s conver-

gence. The problem is solved using an open source nonlinear mixed integer optimiza-
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tion solution called Mesh Adaptive Direct Search (NOMAD) [23].

4.1.1 Simulation Setup

The Table 4.1 summarises the system parameters that were adopted in the simulation.

The maximum coverage of the base station is set to 1000 meters in all simulations.

The base station’s maximum power is set to 10 Watts. The minimum data rate re-

quired is 0.2, 0.8,1 Mbps. The antenna far-field distance in meters d0 is adjusted to

20 m, and d ≫ d0. Rayleigh fading channels are considered for all of the channels in-

volved. The Path Loss Exponent (α) in dB is 2 and the shadowing Gaussian Random

Variable ζ having mean zero is set to 10 dB. The minimum amount of users allowed is

two, and the maximum amount of users allowed is one hundred. The network’s users

are expected to be evenly dispersed.

Table 4.1: System Parameters

Parameter Value
Pmax

BS 10 Watts
Pk 2,1 Watts
Max BS
Coverage

1000m

α 2
ζ 10 dB
d0 20 m
G0 50
Min users 2
Users In-
crement

8

Max users 100
N 100,200,400
M 4
rk 0.2,0.8,1Mbps
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4.1.2 Numerical Results and Discussion

The numerical results are provided for the optimization of the joint user and through-

put of a network using MADS. The numerical results from this task were performed

via a simulation setup to optimize the problem to evaluate the joint user and through-

put of a wireless network.We examine the effect of different parameters on system

performance. In Fig 4.1, the comparison of the system throughput maximization in the

Figure 4.1: Throughput Maximization of System as Mbits/sec with or without RIS Versus
diverse number of users.

presence of a RIS and without RIS is represented versus the total number of users. Af-

ter observing the results it can be seen that system throughput achieved by RIS aided

network increases significantly as compared to conventional communication systems

without the help of RIS.

The fundamental trend of this association is that as the number of users increases, the

system’s throughput increases. After observing the results it can be conferred that

when we apply MADS, we get the same result, i.e., throughput improves as the num-

ber of users rises. When the maximum system capacity limit is achieved, it becomes

constant. The state of the channel between the BS and the user also affects system

throughput. The proposed formulation takes into account the minimum rate limitation

to secure QoS.

Furthermore, it can be shown that proposed technique may increase throughput, indi-

cating that proposed optimization algorithm is effective. However, it can be seen that
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the system throughput attained by RIS-assisted algorithms surpasses the performance

of the system without RIS. This means that with N =4 reflecting elements, resource al-

location for RIS-assisted systems becomes more flexible, resulting in higher through-

put than a conventional network.

Figure 4.2: Admitted Users Maximization with or without RIS versus the various num-
ber of users.

In Fig 4.2 the comparison graph between the no of admitted users without RIS and in

the presence of RIS is plotted against the total number of users. After observing the

results it can be seen that using RIS with MADS algorithm maximizes the user admit-

ted with an increase in the number of users as compared to the conventional communi-

cation network.

Figure 4.3: Throughput of System w.r.t minimum data rate requirement for each user,
i.e., 0.2 Mbps, 0.8 Mbps, and 1 Mbps with RIS.
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In Fig 4.3, the throughput of the system with various Quality of Service (QoS) needs

and a plot has been created with 0.2 Mbps, 0.8 Mbps, and 1 Mbps minimum data

rate requirements against joint user throughput of RIS aided system. In the presence

of RIS, throughput appears to decrease slightly as the data rate demand increases.

This is because when users do not match the QoS standards, the system rejects them.

Throughput can only transfer as much data as the bandwidth allows, which is fre-

quently less.

In Fig 4.4, we show the throughput of the system concerning the high transmit power,

where the RIS has 100 reflector elements, the throughput of the system in the presence

of RIS increases for the different number of users. It is noted that as Pmax
BS is increased,

the system throughput of MADS algorithms increases. The RIS-assisted algorithm

outperforms the method without the RIS by a large margin, demonstrating the benefits

of using the RIS.

Figure 4.4: System throughput in Mbits/sec for various number of users with RIS w.r.t
high power.

The throughput of the system is shown in Fig.4.5 for low transmit power, where the

RIS has 100 reflector elements. The throughput of the system falls as the number of

users increases. In the presence of RIS, It is revealed that the system’s throughput of

MADS algorithm reduces less when Pmax
BS declines. The throughput of the system is

also shown for low transmit power i.e 5W, where the RIS has 100 reflector elements.

As expected, the achievable throughput reduces with decrease in power The reason

for this behavior is that major portion of Pmax
BS is used by receivers to ensure minimum

46



Figure 4.5: System throughput in Mbits/sec for various numbers of users with RIS w.r.t
low power.

power needed at receiver. The lower the transmission power, the longer the delay in

the communication network, but this delay is slightly reduced when RIS is present.

Figure 4.6: System Throughput in Mbits/sec for different numbers of users w.r.t the
number of reflecting elements.

The throughput of the system with various numbers of RIS reflecting elements are

shown in Fig 4.6. The graph depicts the reflecting elements of the RIS against the

throughput of the RIS-assisted system, with N=200, 400. The performance of MADS

algorithms is compared to the number of reflecting elements N in terms of system

throughput. As can be shown, RIS-assisted algorithm increase system throughput with

N and greatly exceeds that of the algorithm without RIS. This means that as the num-

ber of reflecting elements grows, RIS-assisted systems’ resource allocation becomes

more variable, resulting in better efficiency.
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Figure 4.7: Throughput - MADS versus OAA.

Fig.4.7 shows the comparison of two algorithms (MADS and OAA) in terms of joint

user and network throughput. Both the algorithms depict a similar trend but as far as

OAA it shows slightly higher throughput values as compared to MADS algorithm, But

it cost an increase computational complexity by using OAA. This can be justified by

the complexity analysis of both algorithms discussed in previous chapter. The follow-

ing is a summary of the OAA that is by integrating integers and continuous variables,

as well as integrating non-linearities in the task, makes such a task extremely compli-

cated. Increasing the number of integer variables (in our scenario, user admittance,

and mode selection) quickly raises the problem’s complexity. Hence by using pro-

posed MADS algorithm computational complexity is reduced. This slight trade off in

throughput values is acceptable.
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Chapter 5

Conclusions

In this thesis, we investigated the joint user and throughput maximization problem in

RIS assisted multi-user MISO network, which was stated as an MINLP problem. A

MADS algorithm is presented to deal with the non-convex dilemma that has been pre-

sented. We also analyze the performance of several algorithms regarding the through-

put of a network vs the total number of reflecting elements of RIS. The numerical

results show that the system throughput produced by the RIS-assisted algorithm im-

proves with N and surpasses the conventional algorithms without RIS significantly.

This suggests that as the number of passive reflecting elements increases, the resource

allocation for RIS-assisted network turn into more variable, resulting in greater ad-

vantages. The number of joint admitted users also increases who are affiliated with

RIS. After extensive simulations, the results were examined. The performance of the

MADS algorithm has been demonstrated with several system parameters, including

the number of users, the minimum needed data rate, power, and the joint maximization

of users associated and throughput. Furthermore, the proposed algorithms have the

potential to greatly improve system throughput.
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5.1 Future Work

Future directions for such a research could include many elements of the system model’s

nature. In this thesis, the proposed technique have considered the model of downlink

system.However uplink system model with different algorithms like OAA can be stud-

ied for joint user and throughput maximization. It is interesting to see the results for

MultiInput-Multi-Output (MIMO) systems as well as NOMA networks. We expect a

lot of research and development for RIS technology to build 6G communications in

the coming years The following diagramm shows some future applications of RIS:

Figure 5.1: Applications of RIS.

• AI-EMPOWERED RIS-ASSISTED NETWORKS:AI can make it easier to

combine communication, imagery, sensing, and localization.One can, for in-

stance, choose the practical RIS for building the best communication links for

the BS and a particular user by using knowledge of the environmental image to

recognise the position information of the blocks and users.

• SWIPT and RIS: SWIPT is a desirable approach for upcoming IoT networks.

The primary bottleneck in actual SWIPT systems, however, is the low EE at the

energy receivers and this is solved by the deployment of RIS that reduces the

energy beams and expanding power range.

• UAV and RIS:By adding RISs, wireless communication for UAVs can be made
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better. As instance, the direct link between the UAV and the ground node may

be blocked in a dense metropolitan setting, which impairs communication per-

formance. By permitting efficient communication linkages, RIS can be used in

this situation to enhance the performance of the communication.
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