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Abstract— Non-orthogonal multiple access (NOMA) 

is a promising candidate technology for 5G cellular 

systems. Presently MIMO-OFDM wireless technologies 

are using in 4G LTE advance wireless communication. 

This paper discuss about the role of MIMO-OFDM and 

NOMA as foremost contributing performance factors in 

beyond 4G LTE Wireless Transmission Technology 

from a technical perspective. Long Term Evolution 

(LTE) uses Orthogonal Frequency Division 

Multiplexing (OFDM) along with MIMO (Multiple 

Input Multiple Output) antenna technology standard to 

achieve high radio spectral efficiency and multicarrier 

approach for multiple accesses. This paper presents the 

efficient user clustering of resource and power 

allocation in multi user non-orthogonal multiple access 

system. 
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I.  INTRODUCTION 

Long Term Evolution (LTE) is a Fourth Generation 

4G wireless broadband technology developed by the 3rd 

Generation Partnership Project (3GPP), an industry 

trade group. 3GPP was established in 1998 thereby 

started working on the radio, core network, and service 

architecture of a globally applicable Third Generation 

(3G) technology specification. 3G is specified by 

European Telecommunications Standards Institute 

(ETSI) and 3GPP within the framework defined by the 

International Telecommunication Union (ITU) standard 

known as International Mobile Telecommunication 

2000 (ITU-200). Even though 3G data rates were 

already real in theory, initial systems like Universal 

Mobile Telecommunications System (UMTS) did not 

immediately meet the IMT-2000 requirements in their 

practical deployments.  

Hence the standards needed to be improved to meet 

or even exceed them. The combination of High Speed 

Downlink Packet Access (HSDPA) and the subsequent 

addition of an enhanced dedicated channel, also known 

as High Speed Uplink Packet Access (HSUPA), led to 

the development of the technology referred to as High 

Speed Packet Access (HSPA+) or, more informally, 

3.5G. LTE got its name because it represents the next 

step (4G) in a progression from GSM, a second-

generation (2G) wireless network standard, to UMTS, 

the third-generation 3G  technologies based upon GSM 

(Global System for Mobile Communication) standard. 

4G LTE provides significantly higher peak data rates 

than the earlier 3GPP technologies, The highest 

theoretical data rate is 50 Mbps in uplink and with 

Multiple input multiple output (MIMO) the rate can be 

as high as 100 Mbps in the downlink with reduced 

latency, scalable bandwidth capacity, short round trip 

delay and backwards compatibility with existing GSM 

and UMTS technology. Unlike its predecessor 

technologies, however, LTE’s upper layers use TCP/IP, 

enabling all traffic such as data, voice, video and 

messaging to be carried over all-IP networks.  

A. OFDM-MIMO IN WIRELESS 

COMMUNICATION  

 

MIMO technology has recently emerged as a new 

paradigm to achieve very high bandwidth efficiencies 

and large data rates in modern wireless 

communications. Conventional MIMO is a cellular 

wireless technology which enables the use of multiple 

transmitting and receiving antennas to transfer more 

data in less time. A MIMO channel is implemented in a 

wireless link between M transmits and N receive 

antennas. It consists of M x N elements that represent 

the MIMO channel coefficients.  

NOMA is to use the power domain for multiple access, 

whereas the previous generations of mobile networks 

have been relying on the time/frequency/code domain. 

Take the conventional orthogonal frequency-division 

multiple access (OFDMA) used by 3GPP-LTE as an 

example. A main issue with this orthogonal multiple 

access (OMA) technique is that its spectral efficiency is 

low when some bandwidth resources, such as subcarrier 

channels, are allocated to users with poor channel 

state information (CSI). 

http://www.3gpp.org/
http://www.3gpp.org/
http://searchmobilecomputing.techtarget.com/definition/4G
http://searchmobilecomputing.techtarget.com/definition/GSM
http://searchmobilecomputing.techtarget.com/definition/UMTS
http://searchtelecom.techtarget.com/definition/3G
http://searchcio-midmarket.techtarget.com/definition/latency
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Figure 1: MIMO- OFDM in 4G LTE 

 On the other hand, the use of NOMA enables each user 

to have access to all the subcarrier channels, and hence 

the bandwidth resources allocated to the users with poor 

CSI can still be accessed by the users with strong CSI, 

which significantly improves the spectral efficiency. 

non-orthogonal multiple access (NOMA) has been 

recently proposed for 3GPP Long Term Evolution 

(LTE) and envisioned to be an essential component of 

5th generation (5G) mobile networks. The key feature 

of NOMA is to serve multiple users at the same 

time/frequency/code, but with different power levels, 

which yields a significant spectral efficiency gain over 

conventional orthogonal MA. This article provides a 

systematic treatment of this newly emerging 

technology, from its combination with multiple-input 

multiple-output (MIMO) technologies, to cooperative 

NOMA, as well as the interplay between NOMA and 

cognitive radio. 

 

 

Figure 2: Non orthogonal multiple access 

Now the concept of non-orthogonal multiple access 

(NOMA) method for the upcoming 5G networks. All of 

the current cellular networks implement orthogonal 

multiple access (OMA) techniques such as time division 

multiple access (TDMA), frequency division multiple 

access (FDMA) or code division multiple access 

(CDMA) together. However, none of these techniques 

can meet the high demands of future radio access 

systems. 

B. NOMA in Beyond 4G LTE Communication 

The characteristics of the OMA schemes can be 

summarized as follows. In TDMA, the information for 

each user is sent in non-overlapping time slots, so that 

TDMA-based networks require accurate timing 

synchronization, which can be challenging, particularly 

in the uplink. In FDMA implementations, such as 

orthogonal frequency division multiple access 

(OFDMA), information for each user is assigned to a 

subset of subcarriers. CDMA utilizes codes in order to 

separate the users over the same channel. NOMA is 

fundamentally different than these multiple access 

schemes which provide orthogonal access to the users 

either in time, frequency, code or space. In NOMA, 

each user operates in the same band and at the same 

time where they are distinguished by their power levels. 

NOMA uses superposition coding at the transmitter 

such that the successive interference cancellation (SIC) 

receiver can separate the users both in the uplink and in 

the downlink channels. 

NOMA was proposed as a candidate radio access 

technology for 5G cellular systems. Practical 

implementation of NOMA in cellular networks requires 

high computational power to implement real-time 

power allocation and successive interference 

cancellation algorithms. By 2020, the time that 5G 

networks are targeted to be deployed, the computational 

capacity of both handsets and access points is expected 

to high enough to run NOMA algorithms. 

II.  LITERATURE SURVEY 

S. P. Kumaresan et al.,[1] Non-orthogonal multiple 

access (NOMA) has gained considerable interest from 

the 3GPP community as a potential radio access 

strategy for the future fifth-generation (5G) wireless 

networks. Compared to orthogonal multiple access 

(OMA), NOMA is more efficient from the perspective 

of throughput performance making it more favorable for 

5G systems. Existing NOMA techniques merely offer a 

rigid user grouping without exploring channel 

heterogeneity and diversity to cluster users, resulting in 

a poor throughput performance. An adaptive user 

clustering (AUC) approach has been proposed to search 

through all possible combinations to obtain the best 

clusters with the highest throughput. 
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E. Baccarelli et al.,[2] The main research contributions 

of this article are threefold, namely: (i) we design the 

main building blocks and supporting services of the 

LiFo architecture by explicitly accounting for the 

multiple constraints on the per-exit maximum inference 

delays of the supported CDNN; (ii) we develop an 

adaptive algorithm for the minimum-energy distributed 

joint allocation and reconfiguration of the available 

computing-plus-networking resources of the LiFo 

platform. Interestingly enough, the designed algorithm 

is capable to self-detect (typically, unpredictable) 

environmental changes and quickly self-react them by 

properly re-configuring the available computing and 

networking resources; and, (iii) we design the main 

building blocks and related virtualized functionalities of 

an Information Centric-based networking architecture, 

which enables the LiFo platform to perform the 

aggregation of spatially-distributed IoT sensed data. 

H. Tran-Dang et al.,[3] In the IoT-based systems, the 

fog computing allows the fog nodes to offload and 

process tasks requested from IoT-enabled devices in a 

distributed manner instead of the centralized cloud 

servers to reduce the response delay. However, 

achieving such a benefit is still challenging in the 

systems with high rate of requests, which imply long 

queues of tasks in the fog nodes, thus exposing 

probably an inefficiency in terms of latency to offload 

the tasks. In addition, a complicated heterogeneous 

degree in the fog environment introduces an additional 

issue that many of single fogs can not process heavy 

tasks due to lack of available resources or limited 

computing capabilities. To cope with the situation, this 

article introduces FRATO (Fog Resource aware 

Adaptive Task Offloading) - a framework for the IoT-

fog-cloud systems to offer the minimal service 

provisioning delay through an adaptive task offloading 

mechanism. 

H. Tran-Dang et al.,[4] In the IoT-based systems, the 

integration of fog computing allows the fog nodes to 

offload and process tasks requested from IoT-enabled 

devices in a distributed manner to reduce the response 

delay. However, achieving such a benefit is still 

challenging in the heterogeneous fog systems in which 

long task queues of powerful fogs can contribute to an 

average long delay of task execution. To handle the 

conflict of resource request for task processing this 

paper proposes a distributed fog resource allocation 

algorithms, namely MaxRU (Maximum Resource 

Allocation). Through the simulation analysis, MaxRU 

show potential advantages in reducing the average delay 

in the heterogeneous fog environment compared with 

the existing solutions. 

M. Whaiduzzaman et al.,[5] The blocks of a blockchain 

offer the desired execution results mainly in terms of 

the algorithmic efficiency, which correlates with the 

existing algorithms, namely the Advanced Encryption 

Standard (AES), the Rivest Shamir Adleman (RSA), 

and the Data Encryption Standard (DES). Our `BFIM' 

scheme has an enhanced task scheduling capacity and a 

more efficient throughput than the AES, DES, RSA 

resource deliverables (i.e., tasks). Our comprehensive 

performance evaluation implies that the Blockchain-

based Fog IoT Microservice (i.e., BFIM) architecture 

provides a task delivery efficiency of 78.79% (i.e., task 

deliverable) and a service delivery efficiency of 83.24% 

(i.e., task scheduling). 

R. Marini et al.,[6] Low-power wide-area network 

technologies are used to interconnect a number of 

devices in a simple and efficient way. One of these 

technologies, LoRaWAN, is deemed as one of the most 

promising due to its capability to allow long-range 

communications with very small energy consumption. 

LoRaWAN networks are managed by a network server 

implementing an adaptive data rate (ADR) algorithm to 

allocate proper data rates to end devices (EDs). 

However, the standard ADR solution focuses only on 

the link-level performance and assigns transmission 

parameters to EDs one-by-one in an independent way. 

In this article, we propose a novel and more efficient 

ADR algorithm, denoted as collision-aware ADR (CA-

ADR), which tries to minimize the collision probability 

when assigning data rates by considering the entire set 

of EDs in the network and keeping the link-level 

performance under control. 

V. -D. Gavra et al.,[7] IoT systems are based sensors 

and actuators to enable ubiquitous sensing to measure 

environment parameters from delicate ecologies and 

natural environments to urban environments. By 

connecting these sensors and actuators to a big network, 

like internet, an automatization can be performed, and 

repetitive actions can be done in background by the IoT 

ecosystem and save a lot of time. IoT can do such 

things in Home Automation, Smart Cities and even in 

Air Quality analysis. IoT solution is dependent on the 

way sensors are transmitting data to cloud or up to the 

internet. This paper will present the benefits of using 

Zig Bee instead of using traditional Wi-Fi sensor and 

present some of the characteristics of LoRa sensors. 

Cloud computing contributed to the expansion of the 

IoT systems by offloading local IoT devices of 
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computation intensive tasks. Fog computing brings 

Cloud closer to the sensors and by doing this minimize 

communication latencies. 

S. S. Vedaei et al.,[8] In the early months of the 

COVID-19 pandemic with no designated cure or 

vaccine, the only way to break the infection chain is 

self-isolation and maintaining the physical distancing. 

In this article, we present a potential application of the 

Internet of Things (IoT) in healthcare and physical 

distance monitoring for pandemic situations. The 

proposed framework consists of three parts: a 

lightweight and low-cost IoT node, a smartphone 

application (app), and fog-based Machine Learning 

(ML) tools for data analysis and diagnosis. The IoT 

node tracks health parameters, including body 

temperature, cough rate, respiratory rate, and blood 

oxygen saturation, and then updates the smartphone app 

to display the user health conditions. 

E. Sisinni et al.,[9] This work deals with the 

management of sporadic and rare events linked with 

emergency situations in wireless Internet-of-Things 

(IoT) scenarios. The goal is to increase the performance 

of the emergency communication, when low-power 

wide area networks (LPWANs) are used as IoT 

backbone. In the proposed approach, a device usually 

operates as a normal node but, in case of emergency, 

can use the novel LoRa-REP access method. In this 

work, the LoRa-REP, based on message replication, is 

discussed focusing on its capability of reducing average 

transaction time and increasing success probability. 

T. Jan et al.,[10] This paper proposes an innovative 

machine learning algorithm for resource optimization in 

IoT fog network. The proposed model utilizes 

distributed semi-supervised learning with innovative 

ensemble learning for efficient resource optimization in 

the IoT fog network for improved availability and 

readiness. The proposed model shows a great potential 

for real-time IoT applications utilizing the efficient fog 

resource optimization. The proposed model is evaluated 

against other state-of the-art models using the 

benchmark data to demonstrate its readiness and 

usefulness in real-time mission critical IoT applications 

such as in unmanned vehicle control system. The 

proposed model shows an acceptable resource 

optimization performance with reasonable 

computational complexity which proves to be useful in 

real-time IoT applications. 

M. Al-Khafajiy et al.,[11] Fog computing is a promising 

network paradigm in the IoT area as it has a great 

potential to reduce processing time for time-sensitive 

IoT applications. However, fog can get congested very 

easily due to fog resources limitations in term of 

capacity and computational power. In this paper, we 

tackle the issue of fog congestion through a request 

offloading algorithm. The result shows that the 

performance of fogs nodes can be increased be sharing 

fog's overload over several fog nodes. The proposed 

offloading algorithm could have the potential to achieve 

a sustainable network paradigm and highlights the 

significant benefits of fog offloading for the future 

networking paradigm. 

F. J. Valente et al.,[12] The Internet of Things (IoT) is 

an environment that can be divided in three large layers: 

the sensor/actuator level where a wide variety of objects 

with different computing, sensors and communication 

capabilities resides, the communication layer with 

wireless technologies such as ZigBee, Bluetooth and 

emerging 6LoWPAN (e.g LoRa), and the intelligence 

layer, where computing analytics/decisions occur. IoT 

can be used for monitoring, inferring problems, decision 

making at a business level or actuating at the edge via 

IoT nodes. As the IoT sensor network grows, an 

enormous amount of data from multiple sources flows 

to the intelligence layer. In order to make decisions 

based on analytics over these data, the measurements 

need to be precise and accurate. 

III.  OFDM Vs NOMA 

In OFDMA technique BS (Base Station) shares its 

resources by transmitting to UEs at different time 

instants and frequencies. OFDMA allocates 

subchannels and time slots to the users based on desired 

bandwidth or data rate. Each of the subchannels are 

mapped with few number of subcarriers after 

permutations and hence OFDMA is robust against 

fading. The technologies such as Mobile WiMAX, 

LTE, LTE-advanced and 5G uses OFDMA technique 

for resource sharing. 

OFDM Makes efficient use of the spectrum by allowing 

overlap. By dividing the channel into narrowband flat 

fading subchannels, OFDM is more resistant to 

frequency selective fading than single carrier systems 

are. Eliminates ISI and IFI through use of a cyclic 

prefix. Using adequate channel coding and interleaving 

one can recover symbols lost due to the frequency 

selectivity of the channel. Channel equalization 

becomes simpler than by using adaptive equalization 

techniques with single carrier systems. It is possible to 

use maximum likelihood decoding with reasonable 
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complexity. OFDM is computationally efficient by 

using FFT techniques to implement the modulation and 

demodulation functions. Is less sensitive to sample 

timing offsets than single carrier systems are. Provides 

good protection against cochannel interference and 

impulsive parasitic noise. 

Limitation of OFDM is signal has a noise like 

amplitude with a very large dynamic range, therefore it 

requires RF power amplifiers with a high peak to 

average power ratio. It is more sensitive to carrier 

frequency offset and drift than single carrier systems are 

due to leakage of the DFT. 

The NOMA is a multiple access technique employed in 

5G cellular wireless network. The main function of 

NOMA is to serve multiple UEs (User Equipments) 

using single 5G-NB (Node B or Base Station). It serves 

multiple users on same time/frequency resources. There 

are two main techniques employed in NOMA for 

multiple access.  

• Power domain: Here NOMA achieves multiplexing 

based on different power levels.  

• Code domain: Here NOMA achieves multiplexing 

based on different codes.  

Transmit side: NOMA uses superposition coding at the 

transmitter end. The different power levels have been 

assigned to users. As shown in the figure-1, Base 

Station transmits superposed signals to User#1 and 

User#2. Here User#2 uses high gain and User#1 uses 

low gain as shown. 

Receive side: NOMA uses SIC (Successive interference 

cancellation) technique to retrieve data of both the 

users. At receiver, User#2 (Strong User) substracts 

signal of user#1 through SIC and later decodes its own 

signal. User#1 (Weak User) treats signal of User#2 as 

noise and decodes its own signal directly. 

Specifications NOMA OFDMA 

Full form Non-

Orthogonal 

Multiple 

Access 

 Orthogonal 

Frequency Division 

Multiple Access 

Spectrum 

Efficiency 

Higher Lower 

Capacity 

(Number of 

users/cell) 

Less More 

 

 

 

IV.  CONCLUSION 

This paper discuss review of resource and power 

allocation in multi user non-orthogonal multiple access 

system. The use of multiple antennas at both ends of a 

wireless link (multiple input multiple output (MIMO) 

technology) has recently been demonstrated to have the 

potential of achieving extraordinary data rates in 4G-

LTE. Orthogonal frequency division multiplexing 

(OFDM) significantly reduces receiver complexity in 

wireless broadband systems. The use of NOMA 

technology for beyond 4G LTE wireless technologies, 

therefore seems to be an attractive solution for future 

broadband wireless systems 
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