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Abstract:  
Currently, mobile technology is playing a crucial role and is evolving very 
quickly. With the rise in demand comes a larger user experience and a greater 
date rate. LTE-Advanced supports higher data speeds, greater coverage with 
throughputs, with shorter transmission and reception times, all of that 
improve user experience. A performance-based debate with comparison to 
the current 5G Network Advanced network is being explored after examining 
several papers. This is a comparison of measuring parameters, techniques, 
benefits, and limitations. 
 

 
JSR 

Review paper 
Accepted 27 March 2023 
Published 01 April 2023 

DOI: 10.58970/JSR.1023 

 
 

ISSN: 2708-7085 (Online)  

 
Papers published by IJSAB International are 

licensed under a Creative Commons Attribution-

NonCommercial 4.0 International License 
Keywords: Machine-to-Machine (M2M), Device-to-device (D2D), fifth generation 

network, LTE-Advanced, Relay, human-to-human technology, wireless sensor network. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Device-to-device (D2D 
 

 
Volume: 5, Issue: 1 

Page: 15-24 
2023 

Journal of Scientific Reports  
 

Journal homepage:  ijsab.com/jsr 

 

 
Zaid Khudhur Hussein (corresponding author), Medical Instrumentation Technical 

Engineering, Al-Esraa University College. Baghdad, Iraq.             
Email: zaid.khudhur@esraa.edu.iq  

 

About Author (s) 

http://ijsab.com/jsr


JSR                                                                               Volume: 5, Issue: 1 Year: 2023 Page: 15-24 

 

16 

 

Introduction  
An ever-increasing tendency may be seen in the demand for technological advancement in 
mobile technology. Since the beginning, the growth of information infrastructure and 
telecommunications has been inextricably linked with the design, optimization, and 
dimensioning of telecommunication networks (Temesvári, et al., 2019).  With incredibly low 
latency with very high information rates, a (5G) technology could allow users for access with 
share data in a variety of scenarios. (Boccardi, et al. 2014). With regard for an existing (4G) 
system, it will reach 1000 times a system capacity, 100 times a data throughput, 3-5 times a 
spectrum efficiency, with 10-100 times an energy efficiency (Wang, et al., 2013, Popovski, P. et 
al., 2013). Millimeter wave (mmWave) communication in 5G systems is one of the most 
promising technologies. (Roh, et al. 2014). Redesigned for greater flexibility and service 
adaptability is the 5G core network (5GC). (Piqueras and Marojevic, 2019). 
 
Discussing the technological requirements for 3G, 4G, and 5G mobile technologies in this 
research (Ezhilarasan and Dinakaran, 2017) : 
1-Third Generation (3G): Users saw rapid system speed with download speed when making 
constant video conversations as technology advanced from 2G GSM frameworks to 3G (UMTS) 
framework. The first mobile broadband technology produced of combine telephony with some 
multimedia was 3G. High-speed packet pass (HSPA/HSPA+) technology is a basis for 3G. In 
order to increase the wireless network's power, 3G used MIMO. (Dangi, et al., 2022).  
2-Fourth Generation (4G): In 4G, it was observed that information rates in digital mobile 
communication increased from 20 to 60 Mbps. It makes use of LTE and WiMAX technology and 
provides a bigger bandwidth of up to 100 MHz. (Dangi, et al., 2022). 
3-LTE-A use MIMO technology for join many antennas to a receiver and transmitter. Due to 
MIMO technology, which enables several signals and antennas to function simultaneously. LTE-
A proffered enhanced system restrictions, reduced application server latency, and wireless 
access to triple traffic (Data, Phone, and Video). LTE-A offers speeds to more than 42 Mbps 
withas high as 90 Mbps. (Dangi, et al., 2022).  
4- Fifth Generation (5G) 
The amount of data utilized, the development of wireless user devices, and the quality of the 
experience (QOE) have all had an impact on the development and expansion of the mobile 
networking generation. In 2020, it's estimated that more than 50 billion devices will connect 
to and utilize mobile network resources. A mobile information traffic is growing rapidly, with 
it was anticipated that this trend will continue in the years to come, making 4G wireless 
unsupportable in the future. The capabilities of today's mobile world could be 1000 times 
greater with the help of the 5G wireless infrastructure. (Ezhilarasan, and Dinakaran, 2017). A 
significant Internet of Things is anticipated to be released by 5G. Additionally, an environment 
could build where "smart networks" could use to massive medical devices with enable real-
time interaction based to a super bandwidth of 5G per unit area, connectivity per unit, coverage 
(almost 100%), with device connectivity. (Noohani, and Kaleem, 2020). 

 
Figure 1. a multi-layer system for 5G. Large cells (3 GHz group) are a part of the next system 

development period. 
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In order to offer end consumers a wide variety of high-quality tailored services, 5G 
communications aspires to enable limitless networking capability, enormous data bandwidth, 
coupled with extended signal coverage. The different 5G network approaches and strategies 
[10] below are discussed: 
a. Software-Defined Networking (SDN): Network control functions are segregated from data 
forwarding operations in SDN topologies, where network control functions are configurable. 
b. Cognitive Radio Network (CRN) constructions: In a absence of licensed primary users, a 
(CRN) known as secondary users (SUs) take advantage of an available spectrum for possessing 
a LEIRA (Learning, efficiency, intelligence, reliability, with adaptively) attribute (PUs). 
(Ramesh, et al., 2017). 
c. Device-to-device (D2D) communication constructions: User equipment (UEs) in close 
proximity can connect with one another using D2D communications in the licensed cellular 
bandwidth without the need for, or with very limited use for, the mobile base station (MBS).  
d. Machine-to-machine (M2M) communication constructions: It denotes inter-device 
communication without human involvement. 
e. Millimeter Waves (mmWave) communication: Large UEs cannot be supported in the existing 
range, hence 30-300 GHz frequency bands are suggested for mmWave communication in order 
to achieve high-speed data transfer.  
f. Massive MIMO (mMIMO): Very large MIMO, large-scale antenna systems, hyper-MIMO, are 
some names for mMIMO systems. (Ramesh, et al., 2017). 
 
Architecture of 5G Network 
5G network a fifth-generation technology network be now going through the standardization 
process. (Mitra and Agrawa, 2015). Since it is expecting the assigned frequency to a 5G would 
has higher ranges than it is to a 3G with a 4G networks. the user's information transfer rate is 
anticipated for between 10 and 20 Gbps, and a 5G cell's capacity may be 1,000 times more than 
that of 3G and 4G cells combined. (Yang and Zhang, 2015). The (5G) device's battery can be 
anticipated used just one hundredth from an energy needed by the (4G) terminal, and a 
complexity for 5G network would also was decreased compared for a 4G. By 2020, there might 
be tens of billions of these gadgets, and the 5G is likewise anticipated to service machines rather 
than people. (Mavromoustakis and Mastorakis, 2016). New verticals on mission-critical, 
industrial, with commercial domains will be made possible with the arrival of 5G. (Boccardi, et 
al, 2014). Due to an inherent security problem for the older 2G networks, including an absence 
of reciprocal authentication between a network with the user apparatus, security good system 
for fundamental design concern of the mobile communications starting with 3G. (UE).  A LTE 
employs strong encryption with integrity protection methods, used the symmetric keys which 
are securely stored on an operator's Home Subscriber Server with an Universal Subscriber 
Identification Module (USIM). (Heath and Kaleem, 2018).   

 
Figure 2: 5G architecture. 
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Performance Analysis 
We study some literature review and made a comparative between them. 
1. Deep Learning Based Power Allocation for Workload Driven Full-Duplex D2D-Aided 
Underlaying Networks 
To automatically finding a best transmit powers for co-spectrum cellular users (CUs) with D2D 
users (DUs) using the deep neural network, the deep learning-based transmit power allocation 
(TPA) technique was presented. The proposed technique allows every DU to decide it transmit 
power for the considerably smaller amount of computing time than the existing transmit-
power-control schemes, which often involve repeated solutions to complicated optimization 
problems. Also, a more effective iterative subspace-pursuit technique is developed for WFN 
and used as the performance benchmark. Moreover, a (PSS) may be used like a achievement 
indicator for (WFN) in order to highlight the impact that workload has on performance. [16] 
The suggested system may, even in scenarios with high workloads, achieve a PSS equivalent to 
that of standard iterative based algorithms, according to numerical results, while a 
computational complexity for a latter could be greatly reduced. (Du, et al., 2020). 
 
2. New Traffic Model of M2M Technology in 5G Wireless Sensor Networks 
a novel paradigm for wireless sensor network M2M traffic. Modern M2M devices employ this 
type of traffic. M2M device traffic is difficult to anticipate with poorly understood. In order to 
create new technologies, it is essential to pay close attention to this traffic. (Bulashenko, et al, 
2020). Several simplifications have been made in the suggested model for aggregated traffic. 
The following streams are included in the aggregate stream. a stream produced to H2H users 
is a first. A second is a flow that M2M devices produce. A straightforward stream is the H2H 
one. the basic stream with the defined intensity for 1/60 packets per second also characterizes 
a M2M stream in normal mode. At time t = 20 sec, an occurrence that causes the bulk activation 
of M2M devices takes place. The consequence was that there are 10,000 M2M devices. In the 
"normal" mode, the aggregate flow communication channel is under 0.8 Earl of load. In fig. 
Figure 3 displays the block schematic for the model for such the channel (Bulashenko, et al., 
2020). 

 
Figure 3: service model for aggregate traffic. 

 
3. An efficient resource optimization scheme for D2D communication 
In order to solve the issues for the co-channel interference with the energy efficiency 
optimization on the long-term evolution network, this research suggests a unique technique. 
To increase system throughput and lessen user disturbance, the suggested technique divides 
D2D users into several groups using a fuzzy clustering approach, that utilizes the minimal 
outage probability. In order for maximize user transmission power inside every group with 
consequently increase user energy efficiency, a powerful power control algorithm built on the 
principles of game theory is also provided. The throughput of the system, the co-channel 
interference, and energy efficiency may all be successfully improved with the help of the 
suggested algorithms, according to simulation findings. We have made the decision for reuse 
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an uplink radio resources for cellular users in a system in order to improve the use of uplink 
radio resources in an LTE network. The maximum number of D2D user pairs that may be 
multiplexed is one. We start by identifying the most effective cellular radio uplink resources of 
that population, enabling, greatly increasing the consumption of spectrum resources). 
(Mohammad and Imran, 2022). 
 
4. Proposed Algorithms for Downlink LTE-A network performance Evolution 
By utilizing multi-hop relay technology, 44MIMO, and AMMCS, respectively, based on a 
scheduling technique (OTFWC) with SDMT, this research has improved the downlink LTE-A 
performance. The three scenarios discussed in this study may be used to compute the data rate 
of the UEs, 44MIMO, and AMMCS, respectively, based on the scheduling scheme OTFWC for an 
urban area with a single LTE-A cell that is separated into segments of equal size. The RS service 
area reveals that the RS only covers about a quarter of the cell; therefore, it utilizes more than 
one RS of the cell to increase the data rate. (b) By comparing the throughput of 1RS, 2RSs, 3RS, 
4RSs, and 5RSs, it can be shown that employing 4RS increased system capacity and overall 
throughput by increasing the number of UE serviced by RSS, allowing CEU to utilize all planned 
RBs that are now available. (c) It can be inferred that the OTFWC scheduling scheme, SDMT 
transmission method, and 4-Relay stations with the optimum position at 43% may increase the 
LTE Advanced downlink throughput. (Asmaa, et al., 2022). 
 
5. An Energy Efficient Uplink Scheduling and Resource Allocation for M2M 
Communications in SC-FDMA Based LTE-A Networks 
A long-term evolution advanced (LTE-A) networks in the evolution of cellular networks have 
standardized Machine-to-Machine (M2M) characteristics. A potential infrastructure of Internet 
of things (IoT) sensing applications, that often demand real-time information reporting, can be 
provided by such M2M technology. This study examines how to transmit M2M data packets 
with the highest possible energy efficiency across an LTE-A network's uplink channels. We 
structure it as the jointed problem for the Modulation with that may state like NP-hard mixed-
integer linear fractional. Finally, using Glover linearization and Charnes-Cooper 
transformation, we provide a global optimization approach. The numerical experiment 
findings demonstrate that, in comparison to other common analogues, our approach can 
achieve maximum energy efficiency to the large number for M2M nodes while maintaining low 
data packet dropping ratios. (Li, et al., 2022). 

 
Figure 4: Blocks of resources and the LTE-A frame structure. 

 
6. Cooperative Distributed Antenna Transmission for 5G Mobile Communications 
Network 
We discussed most recent developments in CDAT (cooperative distributed antenna 
transmission) approaches. the presented STBC-TD, MMSE-SVD, with blind SLM specifically. 
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from the presence for CCI of nearby macro-cells, mathematical signal representations of the 
STBC-TD with MMSE-SVD as well as those of blind SLM while utilizing STBC-TD was provided. 
STBC-TD gives substantially higher cell-edge user capacity that the MMSE-SVD despite a paper 
contributes much better capacity of the user near dispersed antenna (i.e., in the good channel 
condition. This is the realistic theory of the network using a high frequency band (for example, 
over 3 GHz), that is anticipated to be employed because a half carrier wavelength decreases to 
less than 5 cm, allowing UE to be fitted with for least two antennas. Therefore, more than two 
antennas must be utilized at UE in order to optimize the transmission performance. As a result, 
the distance between the UE antennas is less than half the carrier wavelength. (Adachi, et al., 
2017). 
 
7. Research Project to Realize Various High Reliability Communications in Advanced 5G 
Network 
A research paper goals and technical components are outlined. We suggest the virtualized radio 
access network (vRAN)-based architecture which enables adaptive control for equipment 
resources with function placement in a vRAN environment on line with dynamically changing 
communication requirements in both space and time. A BS's functions in a 5G system are 
broken down into a radio unit (RU), a distributed unit (DU), and a central unit (CU) The 
processing of user input and control signals is the CU's primary duty. Both the user data and 
the control signal are handled by the CUUP (user plane) (control plane). The research quality-
aware traffic pattern prediction to better understand a fine granularity of control information. 
(MURAKAMI, et al., 2017). 
 
8. Relay Enhanced LTE-Advanced Networks 
The upgrade for LTE-Release 8 is a brain of the LTE-Advanced initiative since it attempts for 
deliver the greater data-rate, bandwidth with capacity of a user. 
 

 
Figure 5: Block diagram of a transmitter's uplink carrier aggregation. 

 
The specifications that LTE-Advanced aspires to achieve and satisfy with regard to IMT-A are 
outlined below. utilizing carrier aggregation, spatial-multiplexing with up to eight layers of 
MIMO, inter-cell CoMP, both for downlink transmission and reception as well as uplink spatial-
multiplexing with four levels of MIMO. (Minelli, et al., 2011). 
 
9. Ultra-Reliable Communication in 5G mmWave Networks: A Risk-Sensitive Approach 
Look at the challenge of establishing 5G mmWave huge multiple-input multiple output (MIMO) 
networks with gigabit wireless access with dependable communication. We present the 
distributed risk-sensitive reinforcement learning-based framework of simultaneously develop 
a beamwidth with the transmit power, during confirming for consideration a sensitivity to 
mmWave connections owing to blockage, in contrast to the traditional network design based 
on average metrics. The numerical findings demonstrate that, compared to baselines, our 
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proposed method guarantees a user throughput of less than 7.5 Gbps with a guaranteed 
probability of 90%. More significantly, there is the rate-reliability-network density tradeoff, 
where a percentage of users who attain 4 Gbps decreases by 11.61% and 39.11% on a 
presented with baseline models, respectively, when a user density rises from 16 to 96 per km2. 
(Vu, et al., 2018). 
 
10. 5G – Wireless Communications for 2020 
A base station (BS) or access points (AP), that are stationary nodes which offer wireless access 
to user equipment (UE) placed inside their coverage zones, are primarily at the heart of the 
design of modern wireless networks. BS rollout densification has been the major emphasis of 
network evolution up until this point, in order to meet a coverage with the capacity 
requirements for the mobile users. as a modern organism made up of several cell kinds. They 
could be categorized like macro-, micro-, pico-, or, more recently, femto-cells counting on a 
number for the users connected of a BS with a size for a covered region. The propagation 
methods of the cells can also be used to categorize them. The rigorous 5G objectives, such as 
greater capacity, dependability, decreased latency, or new types for IoT users, provide of 
challenge from a standpoint of network design even if this densification method was sufficient 
in the past. (Andr´e, et al., 2016). 
 
Table 1 provides a comparative approach for various techniques, measurement parameters 
and their values, benefits, and limitations. 
 

Table 1: Compares 5G Network Development Methods 
Sr. 
No. 

Reference Technique used Measuring Parameter Advantages Limits 

1 (Du, et al., 
2020). 

A transmit 
power allocation 
(TPA) approach 
for identifying 
D2D users that is 
based on deep 
learning. 

D= 0.02 
Noise PSD= -175dB/H 
Pc-max=24 dB 
Pd-max=20 dB 
R= 300m 
Є= 5 dB 
е = 0.2 
η1= 1 
ηs= 0.01 

The PSS of WFNs 
with exceptionally 
high workload 
densities may be 
greatly improved by 
using the right TPA 
schemes, according 
to numerical data. 

The 
computational 
complexity of 
the former is 
high. 

2 (Bulashenko, et 
al., 2020). 

brand-new 
wireless sensor 
network M2M 
traffic model. 

Use of the canoe is limited to 0.2 
transmission attempts (up to a 
maximum to five). 
constant value is tr = 10 s, 

the volume to the 
traffic, the 
proportion of 
dropped packets, 
and the time it takes 
for M2M messages 
to arrive all 
increased. 

the H2H traffic 
service's 
quality has 
decreases  

3 (Mohammad 
and Imran, 
2022). 

a combined 
power control 
fuzzy clustering 
technique for 
D2D resource 
allocation 

Base Station transmit power=46 dBm 
Maximum distance to D2D user=20 m 
Cell radius=300 m 
System bandwidth=10 MHz 
Number to cellular users=10 
Cellular user transmit power=21 
dBm 
dBm 
Gaussian white noise density=-174 
dB /Hz 
Path loss index=3 

increase energy 
efficiency, lower co-
channel 
interference, and 
increase system 
throughput. 

 
In comparison 
to the quantity 
of cellular 
subscribers, 
the algorithms' 
average 
channel 
bandwidth is 
low. 

4 (Asmaa, et al., 
2022). 

using multi-hop 
relay technology 
with using 
4×4MIMO, and 
AMMCS 
respectively 

Cell radius=2000m 
Transmit power (Pt)= 46dBm 
Thermal noise power spectral 
density (N0) = -174dBm/HZ 
(SNRmax) for downlink LTE-A=25dB 

enhancements to 
LTE-downlink A's 
performance. 
achieving maximum 
cell capacity with 

signifies that 
the received 
SNR cannot be 
higher than the 
downlink's 
maximum 
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based on 
scheduling 
scheme 
(OTFWC) with 
SDMT. 

The average height of UE (hm) or 
(X)= 1.5m 
The average height of the 
building(roof)= 25m 
Average separation between building 
(W)= 15m 
The average height of eNB (CBS)or 
(RX)= 30m 

greater than average 
coverage. 

allowed SNR. 
Algorithms for 
power control 
are used to 
achieve this 
situation. 

5 (Li, et al., 
2022). 

Formulate the 
energy efficient 
M2M 
communications 
in SC-FDMA 
based LTE-A 
networks. 
 

Number of MTCDs=1- 80 
Maximum transmit power= 23dBm 
MTCD’s Receiver sensitivity= 
−100dBm 
Distances between MTCDs and eNB= 
20–300m 
20–300m= 20MHz 
Number for RBs= 100 
α= 0.9 
Number for MCS selection=25 
Number for sensor types on each 
MTCD= 2–8 
Sensory data size= 10–500 bytes 
Sampling period of each sensor= 1–
120 s 

attaining the best 
energy efficiency of 
the large number of 
M2M nodes even 
when resource 
blocks are 
constrained. 

low data packet 
loss ratios 

6 (Adachi, et al., 
2017). 
 

(CDAT) 
techniques with 
STBC-TD, MMSE-
SVD with blind 
SLM. 

Total no. of subcarriers Nc=128 
GI length Ng=32 
No. of distributed antennas 
deployed in a macro-cell Nmacro=7  
No. of UE antennas Nue=2 
No. of distributed antennas 
to be selected Nmbs=4 
Channel state information (Ideal) 
Path loss exponent a=3.5 
Shadowing loss 
standard deviation _=7.0(dB) 
K-factor of Nakagami-Rice   K=10dB 
Power-delay profile shape L=16 
uniform 

Using high 
frequency band. 
increase 
transmission 
performance (e.g., 
above 3 GHz). 

using more 
than two 
antennas at UE.   

7 (MURAKAMI, 
et al., 2017). 

an architecture 
based of a 
virtualized radio 
access network 
(vRAN) 
new radio access 
technologies 
(RATs). 

Radio Bandwidth (Current 
SDR) = <100 MHz 
Radio Bandwidth (Target 
SDR) = 200 MHz 
Number of Antennas (Current SDR) 
= 2 – 4 
Number of Antennas (Target SDR) = 
8 - 32 

increasing traffic 
volume while 
preserving the 
necessary level of 
communication 
service quality. 

Traffic pattern 
prediction due 
to High Data 
Rate. 

8 (Minelli, et al., 
2011). 

Long-Term 
Evolution -
Advanced (LTE-
Advanced) 

Peak data rate ( 
Downlink) =1Gbps  
Peak data rate (Uplink)= 
500 Mbps  
Peak spectrum efficiency [bps/Hz] 
(Downlink) 
=30  
Peak spectrum efficiency [bps/Hz] 
(Uplink)= 
Up to 4*4 MIMO  
Transmission Band-width 
(Downlink)= 
100 Mbps  
Transmission Band-width (Uplink k) 
= 
40 Mbps  
Scalable Band-width = 
20-100 MHz  

give the consumer a 
larger data rate, 
bandwidth, and 
capacity. 

In both the 
uplink and the 
downlink, the 
antenna 
arrangement 
uses few 
antennas. 

9 (Vu, et al., 
2018). 

A distributed 
risk-sensitive RL 
based approach. 

Beamwidth =0.05 radian 
Minimum beamwidth _min = 0.2 
radian 

provides better 
services for 
all users. 

The reliability 
is low and the 
Cost-Efficient 
Algorithms. 
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maximum beamwidth _max = 0.4 
radian 
transmit power level= 21 dBm 
SC antenna gain = 5 dBi 
number of transmit 
antennas Nb= 64 
number of receive antennas Nk  = 4 
The risk-sensitive parameter is μb = 
−2. 

Achieves high 
bandwidth. 

10 (Andr´e, et al., 
2016). 

5G Wireless 
Technology 

Data Bandwidth >500Mbps High Data Rate, 
High Capacity, 
Low Cost /bit 

High data rates 
and a large 
mobile 
network have 
caused traffic. 

Conclusions 
The majority of this research's attention was paid to a biography evaluation with analysis for 
the 5G Network Advanced technology-based applications and their underlying communication 
systems. The discussion for 5G Network advanced procedures, measurement criteria, benefits, 
and limitations are done through a comparison of current 5G Network Advanced technology. 
While RAT and RAN sharing also enhance capacity with lower cost, they require more spectrum 
in congested areas than queueing modeling does. Queuing modeling increases coverage and 
capacity at a low cost. With the lowest path loss of any route loss model, the modified COST231-
HATA model may be used in backhaul links for LTE-A systems in the future to minimize path 
loss. Relay technology for D2D communication has the potential to significantly improve traffic 
congestion and expand coverage in hilly areas. Relay may be introduced into the LTE-A system 
to minimize interface, which is better for the communications industry. Throughput and 
variety have risen thanks to full duplex communication techniques. 
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