
© 2019 JETIR June 2019, Volume 6, Issue 6                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR1906Q69 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 485 
 

A Review on Recent Trends in Telecommunication 

Applications Using OFDM Techniques 
 

Ravi Kant Pandey, Ramesh Mishra 

Department of Electronics & Communication 

IET, Dr. RMLAU, Ayodhya (U.P.) 

 

Abstract: Orthogonal multiple access (OFDMA) is a very 

important technology for the fifth generation (5G) wireless 

communication networks to provide the need of the 

flexible demands of users on lower latency rate, high level 

of reliability, good amount of connectivity, large fairness, 

and high data throughput. The key idea behind MIMO 

based 5G networks are to provide multiple users in 

common resource block. The MIMO OFDM principle is 

the main framework and several 5G multiple access space 

time schemes can be found of different cases. This paper 

provides a simulation performance of the latest MIMO 

OFDM based 5G systems and to explore their applications. 
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1. Introduction: 

Over the previous few years, our everyday lifestyle is 

increasingly more exposed to a plethora of cell programs for 
leisure, enterprise, training, fitness care, social networking, 

and many others. At the equal time, cellular data site visitors is 

expected to maintain doubling each 12 months. To hold up 

with those surging needs, community operators should spend 

giant efforts to improve users’ revel in, at the same time as 

preserving a wholesome sales increase. To triumph over the 

constraints of current Radio Access Networks (RANs), the 2 

emerging paradigms were proposed: 

(i) Cloud Radio Access Network (C-RAN), which goals on the 

centralization of Base Station (BS) functions via 

virtualization, and  

(ii) Mobile Edge Computing (MEC), which proposes to 
empower the network side.  

While the two technology advise to transport computing 

abilities to unique direction (to the cloud as opposed to to the 

brink), they are complementary and every has a completely 

unique role inside the 5G environment. As depicted MEC 

servers are applied directly on the BSs using generic-

computing platform, permitting the execution of programs in 

near proximity to give up users. With this role, MEC can assist 

satisfy the stringent low-latency requirement of 5G networks. 

Additionally, MEC gives various network enhancements, 

including:  
(i) optimization of cell sources via hosting compute-intensive 

packages on the community facet,  

(ii) pre-processing of big data before sending it (or a few 

extracted capabilities) to the cloud, and  

(iii) contextaware offerings with the assist of RAN 

information together with cellular load, user location, and 

allotted bandwidth. 

Although MEC principle additionally aligns with the concept 

of fog computing [1] and the two are regularly referred to 

interchangeably, they slightly range from every different. 

While fog computing is a fashionable term that opposes with 

cloud computing in bringing the processing and storage assets 

to the decrease layers, MEC specially targets at extending 

these talents to the edge of the RAN with a brand new 

characteristic splitting and a new interface between the BSs 

and higher layer. Fog computing is maximum typically visible 

in employer-owned gateway devices whereas MEC 

infrastructure is applied and owned via the network operators. 

Fueled with the capability skills of MEC, we advocate a 

actual-time context-conscious collaboration framework that 
lies at the brink of the cellular network and works side-via-

facet with the underlying communication community. In 

unique, we aim at exploring the synergies amongst related 

entities in the MEC community to form a heterogeneous 

computing and storage aid pool. To illustrate the benefits and 

applicability of MEC collaboration in 5G networks, we 

present three usecases together with mobile-edge 

orchestration, collaborative video caching and processing, and 

multi-layer interference cancellation. These initial goal 

eventualities can be used as the idea for the components of 

some of particular packages. 
 

2. Related Work: 

T. S. Rappaport, 2017 [1] compared two popular channel 

models for 5G wireless communications, the 3GPP TR 38.900 

Release 14 and the NYUSIM channel models. Simulation 

results indicate that the 3GPP channel model yields unrealistic 

eigenvalues and higher spectral efficiency than NYUSIM, 

revealing the problematic choice of some channel parameters 

in the 3GPP model for frequencies above 6 GHz.  The above 

work shows that the 3GPP channel model is optimistic when 

predicting diversity and the achievable SE at mm Wave 

frequencies, and will yield unrealistic eigen value distributions 
for mm Wave channels. The main cause is that the 3GPP 

channel model assumes up to 19 clusters (e.g., for UMi 

NLOS) and up to 20 rays per cluster, which is excessively 

large and not borne out by measurements reported thus far, 

which show greater sparsity. NYUSIM uses the models 

indicated above and is freely available for consideration by 

ITU and 3GPP. This could help avoid system errors inherent 

with legacy modeling approaches. 1There are attempts in the 

ITU to prepare a single model that covers the range of 500 

MHz to 100 GHz. NYUSIM and cover this frequency range. 

 
According to [2] Shunqing Zhang, (2016) with years of 

remarkable traffic and power consumption growth, green radio 

has been valued now not most effective for theoretical 

research pastimes however additionally for the operational 

expenditure discount and the sustainable development of wi-fi 

communications. Fundamental green tradeoffs, served as an 

essential framework for evaluation, include 4 simple 

relationships: spectrum efficiency (SE) versus energy 

performance (EE), deployment efficiency (DE) as opposed to 

energy performance (EE), postpone (DL) versus strength 

(PW), and bandwidth (BW) versus electricity (PW). In this 

work, we first offer a comprehensive evaluate at the great on-
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going studies efforts and categorize them primarily based on 

the fundamental green tradeoffs. We will then focus on 
research progresses of 4G and 5G communications, such as 

orthogonal frequency division multiplexing (OFDM) and non-

orthogonal aggregation (NOA), a couple of enter a couple of 

output (MIMO), and heterogeneous networks (HetNets). We 

will even speak potential demanding situations and impacts of 

fundamental green tradeoffs, to shed some mild on the 

strength efficient research and layout for future wi-fi 

networks. In this work, we've furnished a complete survey on 

the research progress on fundamental inexperienced tradeoffs 

of ordinary 4G and 5G communication technology, including 

OFDM and NOA, everyday and big MIMO, Het Nets and 
UDNs. Theoretical achievements as well as realistic electricity 

efficient schemes had been summarized consistent with the 

tradeoff framework, followed by a few in-depth evaluation on 

the open technical problems. With the explosive needs for 

excessive facts fee and big connections, 5G networks will 

revel in a essential step forward in all related factors, where 

we believe the essential green tradeoffs shall be evaluated as a 

key enabler to maintain the cheap electricity intake. 

 

Non-orthogonal multiple get admission to (NOMA) is one of 

the promising radio get entry to techniques for overall 

performance enhancement in next-technology cell 
communications. Compared to orthogonal frequency 

department multiple get admission to (OFDMA), that's a well-

known high-capacity orthogonal more than one access (OMA) 

technique, NOMA offers a hard and fast of acceptable 

advantages, which includes extra spectrum efficiency. There 

are exceptional styles of NOMA strategies, including energy-

domain and code-domain. [3] J. Xiao,2006 worked in general 

make a speciality of energy-domain NOMA that utilizes 

superposition coding (SC) at the transmitter and successive 

interference cancellation (SIC) on the receiver. Various 

researchers have tested that NOMA can be used efficaciously 
to meet both network-level and consumer-skilled facts rate 

necessities of 5th-generation (5G) technologies. From that 

perspective, this work comprehensively surveys the current 

development of NOMA in 5G structures, reviewing the ultra-

modern capacity evaluation, electricity allocation techniques, 

consumer fairness, and user-pairing schemes in NOMA. In 

addition, this work discusses how NOMA performs while it's 

far included with various demonstrated wi-fi communications 

techniques, which includes cooperative communications, a 

couple of-enter multiple-output (MIMO), beamforming, 

space–time coding, and network coding, amongst others. 
Furthermore, this work discusses numerous crucial problems 

on NOMA implementation and gives some avenues for 

destiny research. This work gives a comprehensive overview 

of the present and emerging strength-domain37 SC-based 

NOMA studies into 5G, and discusses NOMA overall 

performance with numerical results. It is clear that NOMA is a 

candidate more than one get admission to generation for 

subsequent-era radio get admission to. Its range benefit 

originates from the electricity domain of the signals to be 

transmitted in a superposed fashion. Many studies results were 

located in desire of NOMA in terms of outage probability, 

conceivable potential, vulnerable customers’ charge 
guarantees, and mobile-aspect user reports. In addition to ideal 

SC on the transmitter and mistakes-unfastened SIC on the 

receiver, surest strength allocation, QoS-oriented person 

equity, suitable consumer pairing, and right link edition also 

are required to acquire the maximum advantages presented by 

using NOMA. In addition, this work discusses how NOMA 

works with numerous widespread wireless technology, 
consisting of cooperative communications and MIMO. For a 

deeper knowledge of NOMA, this work presents a dialogue on 

how inter-cellular interference in a network can be mitigated, 

and explains how a alternate-off between electricity efficiency 

and bandwidth performance can be accomplished. The 

discussions of numerous important troubles, consisting of 

dynamic consumer pairing, distortion evaluation, interference 

evaluation, useful resource allocation, heterogeneous 

networks, provider aggregation, and transmit antenna choice, 

are predicted to facilitate, and provide a foundation for, further 

studies on NOMA in 5G. This work gives a preferred view of 
a few implementation problems, including computational 

complexity, mistakes propagation, deployment environments, 

and standardization fame. In sum, the outcomes of this survey 

are anticipated to be beneficial to researchers running within 

the region of wireless communications and NOMA.  

 

The stringent requirements of a 1,000 times increase in facts 

site visitors and one millisecond round experience latency 

have made proscribing the potentially first rate ensuing energy 

intake one of the most difficult issues for the design of the 

imminent fifth-era (5G) networks. To permit sustainable 5G 

networks, new technologies had been proposed to enhance the 
machine energy performance and opportunity strength assets 

are brought to reduce our dependence on traditional fossil 

fuels. In specific, various 5G techniques target the reduction of 

the power consumption without sacrificing the fine-of-

provider. Meanwhile, strength harvesting technologies, which 

permit communique transceivers to reap energy from 

numerous renewable resources and ambient radio frequency 

indicators for verbal exchange, have drawn full-size interest 

from both academia and industry. In this article, we offer an 

assessment of the cutting-edge studies on both green 5G 

strategies and power harvesting for communiqué. In addition, 
some technical demanding situations and potential studies 

subjects for realizing sustainable green 5G networks are also 

identified. In this article, [4] Qingqing Wu, 2016 have 

surveyed the advanced technology that are anticipated to allow 

sustainable green 5G networks. A holistic layout overview 

may be located. Energy harvesting underpins the green 

expectation in the direction of 5G networks whilst promising 

spectrum efficient 5G technologies can be tailor-made to 

realize electricity-green wi-fi networks. Facing the highly 

diverse communication eventualities of future, person visitors, 

channel, strength consumption, or even content recognition 
models want to be collectively taken into account for 

improving the device EE. Thereby, it is evident that the 

various applications and heterogeneous user necessities of 

sustainable inexperienced 5G networks cannot be glad with 

any precise radio get admission to technology Instead, an 

surroundings of interoperable technologies is needed such that 

the respective techno- logical advantages of the exceptional 

additives, may be exploited together pushing towards the 

closing overall performance limits. This, but, additionally 

poses new challenges for the machine designers.  

 

The performances of the 5th era (5G) wireless communication 
systems are drastically laid low with facet cache and shipping 

community. These emerging additives convey great expenses 

of the position and utilization, and the evaluation of the cost 

impact is past the capability of conventional performance 

metrics, such as spectral performance (SE) and power 

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR1906Q69 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 487 
 

performance (EE). In this newsletter, economical strength 

efficiency (E3) is proposed, whose core concept is to take 
SE/EE and fee into consideration to evaluate complete profits 

when different types of superior technologies are utilized in 

5G systems. The E3 effects are shown while the shipping 

network and edge cache are one by one or collectively used. 

Open troubles in phrases of modeling the cost, E3 

optimization primarily based radio useful resource allocation, 

and E3 optimization for internet of things, are recognized as 

well. To symbolize the scalability, flexibility, and 

interoperability, a complicated E3 metric is proposed in this 

newsletter to assess the influences of X-Haul and edge cache 

within the F-RAN based 5G structures. With the conventional 
EE and the cost taken into account, the proposed E3 metric 

affords a viable manner to expose complete profits whilst 

specific kinds of superior technologies are used. Based at the 

numerical consequences, approaches to optimize E3 overall 

performance of 5G systems are included in this newsletter. [5] 

M. Peng,2016 concluded that E3 metric serves as a proper 

choice when the impacts on throughput, greenness, and 

affordability all require consideration. However, being a brand 

new proposed performance metric, there are still some of 

issues urgent to be solved in the future, and special attention is 

required by using the key problems which includes the model 

of price, E3 optimization based totally radio resource 
allocation, and E3 optimization for IoTs  

 

Mobile Edge Computing (MEC) is an rising paradigm that 

gives computing, storage, and networking assets in the edge of 

the cellular Radio Access Network (RAN). MEC servers are 

deployed on usual computing platform in the RAN and permit 

for delay-touchy and context-aware programs to be performed 

in near proximity to the cease users. This paradigm alleviates 

the backhaul and middle network and is vital for enabling low-

latency, high bandwidth, and agile mobile services. This 

article envisages a real-time, context-aware collaboration 
framework that lies at the edge of the RAN, comprising MEC 

servers and cell devices, and that amalgamates the 

heterogeneous resources at the threshold. Specifically, they 

introduce and examine 3 representative use-instances ranging 

from mobile-facet orchestration, collaborative caching and 

processing, and multi-layer interference cancellation. [6]  P. 

Pandey,2017 displayed the promising advantages of the 

proposed techniques in facilitating the evolution to 5G 

networks. Finally, we discuss the important thing technical 

demanding situations and open-research problems that need to 

be addressed to be able to make an efficient integration of 
MEC into 5G ecosystem Mobile-Edge Computing (MEC) 

allows a capillary distribution of cloud computing capabilities 

to the edge of the radio get right of entry to network. This 

emerging paradigm permits for execution of delay-touchy and 

context-conscious applications in near proximity to the give 

up-customers whilst assuaging backhaul utilization and 

computation on the core network. This article proposes to 

discover the synergies among connected entities within the 

MEC community to shape a heterogeneous resource pool. 

They present 3 consultant use-instances to illustrate the 

benefits of MEC collaboration in 5G networks. Technical 

demanding situations and open-studies issues are highlighted 
to offer a glimpse concept on the development and 

standardization roadmap of mobile edge ecosystem. 

 

 

The fifth-technology (5G) networks are predicted for you to 

fulfill users’ exceptional nice-ofservice (QoS) requirements. 
Network slicing is a promising era for 5G networks to offer 

services tailor-made for users’ unique QoS demands. Driven 

by means of the elevated massive wi-fi data site visitors from 

distinctive application situations, green useful resource 

allocation schemes must be exploited to improve the power of 

community resource allocation and capacity of 5G networks 

based on community slicing. Due to the diversity of 5G 

software situations, new mobility management schemes are 

greatly needed to assure seamless handover in network 

reducing based totally 5G structures. In this newsletter, [7] H. 

Zhang, 2016 introduced a logical architecture for network 
reducing primarily based 5G structures, and gift a scheme for 

handling mobility among special get entry to networks, in 

addition to a joint energy and subchannel allocation scheme in 

spectrum-sharing two-tier structures based totally on 

community cutting, where both the co-tier interference and 

move-tier interference are taken into accountSimulation 

results exhibit that the proposed resource allocation scheme 

canflexibly allocate network assets among distinctive slices in 

5G systems. Finally, numerous open troubles and demanding 

situations in network cutting based totally 5G networks are 

discussed, including network reconstruction, community 

slicing control and cooperation with different 5G technologies 
In this work, they have provided a logical structure for 

network reducing primarily based 5G structures, and discussed 

the evolution of network architecture primarily based on SDN 

and NFV technology, as well as the implementation of 

network reducing. Based on the community reducing 

structure, we revised handover processes in mobility 

management, and mentioned mobility control mechanisms to 

provide bendy and agile custom designed offerings in network 

reducing primarily based 5G systems. Moreover, considering 

numerous community slicing situations, we delivered a 

resource allocation mechanism tailored for QoS necessities 
and interference constraints of uRLLC, eMBB and IoT service 

slices. The promising overall performance of community 

cutting based 5G networks has been tested via computer 

simulations.  

 

Non-orthogonal more than one get admission to (NOMA) is 

an critical enabling era for the fifth technology (5G) wi-fi 

networks to satisfy the heterogeneous needs on low latency, 

high reliability, huge connectivity, progressed equity, and 

excessive throughput. The key concept at the back of NOMA 

is to serve multiple customers in the equal useful resource 
block, inclusive of a time slot, subcarrier, or spreading code. 

The NOMA principle is a fashionable framework, and 

numerous lately proposed 5G a couple of access schemes may 

be regarded as special cases. [8] Z. Ding,2017 survey gives an 

overview of the state-of-the-art NOMA research and 

innovations in addition to their programs. Thereby, the works 

posted on this unique problem are positioned into the content 

of the prevailing literature. Future research challenges 

regarding NOMA in 5G and past also are discussed. NOMA is 

an essential enabling technology for accomplishing the 5G key 

overall performance requirements, such as high system 

throughput, low latency, and large connectivity. As shown on 
this survey, by way of exploiting the users’ heterogeneous 

channel conditions and QoS requirements, NOMA can make 

use of the scarce bandwidth sources extra correctly than 

OMA, and existing research have already genuinely tested the 

ability of NOMA to improve the device throughput. Since a 
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couple of customers can be served simultaneously, massive 

connectivity can be realistically accomplished with NOMA, 
and NOMA networks also reduce the delay given that 

customers are now not compelled to wait until an orthogonal 

resource block will become available. The latest commercial 

efforts to include NOMA in 5G, LTE-A, and virtual TV 

requirements exhibit that NOMA can be an incorporated a part 

of destiny generation wireless networks, and we are hoping 

that this survey and the works on this special trouble may be 

useful to the readers to gain a better knowledge of the benefits 

and possibilities that NOMA offers as well as its practical 

application scenarios.  

 
With the fast growth of person visitors, carrier innovation, and 

the continual necessity to lessen prices, these days cellular 

operators are faced with numerous demanding situations. In 

networking,  principles have emerged aiming at value 

discount, increase of network scalability and deployment 

flexibility, namely Network Functions Virtualization (NFV) 

and Software Defined Networking (SDN). NFV mitigates the 

dependency on hardware, in which cellular network functions 

are deployed as software program virtual community features 

on commodity servers at cloud infrastructure, i.e., records 

centers. SDN offers a programmable and flexible community 

control via decoupling the cell community features into 
manage aircraft and records plane functions. The layout of the 

subsequent generation cell community (5G) calls for new 

making plans and dimensioning models to acquire a fee ideal 

design that helps a huge variety of traffic demands. We 

suggest 3 optimization models that intention at minimizing the 

network load cost as well as records middle resources price by 

using locating the highest quality placement of the information 

centers as properly the SDN and NFV mobile network 

capabilities. The optimization answers show the change-offs 

among the distinctive facts center  deployments, i.e., 

centralized or disbursed, and the one of a kind price factors, 
i.e., most advantageous community load value or facts middle 

sources cost. [9] A. Basta,2017 recommend a Pareto best 

multi-objective version that achieves a stability between 

community and information center value. Additionally, we use 

previous inference, based totally on the solutions of the 

unmarried goals, to pre-pick out information middle locations 

for the multi-goal model that consequences in lowering the 

optimization complexity and achieves financial savings in run 

time whilst maintaining a minimum optimality gap. In this 

paintings, we propose three optimization models that aim at 

finding the most desirable dimensioning and planning for a 
cellular middle network primarily based on SDN and NFV, in 

phrases of network load value and records center sources cost. 

The proposed models result in the best placement of statistics 

facilities and the top-quality cell center network split between 

SDN and NFV. An widespread evaluation has been offered 

comparing the proposed models in terms of the network load 

value and the facts center resources price. Trade-offs between 

the single objective models may be found, in terms of the fee 

factors in addition to statistics middle locations. The multi-

goal model results in Pareto premier answers in which a 

stability between the two price elements can be carried out. 

Additionally, solving the multi-objective model with the 
proposed information center locations pre-selection has shown 

a large development to the run time at the same time as 

keeping a minimal gap in comparison to the ultimate Pareto 

solutions. For future paintings, extra fee factors can be 

considered for the optimization fashions which includes the 

cost of the SDN+ switches or the inter-information middle 

links. The set of records centers locations could be extended to 
arbitrary places on the center network topology, i.e., now not 

the same places as the graph nodes. Furthermore, the 

demanding situations of the joint co-existence of SDN and 

NFV cell center features need to be investigated, e.G., 

orchestration and country distribution. Additionally, a 

heterogeneous get entry to community may be modeled to 

symbolize extra practical use-instances for operators.  

 

[10] Ali O. Ercan, 2017 proposed an strength and spectrum 

efficient IoT network for 5G systems where spectrum is 

shared with the cell system for spectrum performance and 
energy harvesting and power transfer are applied for energy 

performance. The IoT network, which consists of sensor nodes 

and a cluster head with a reliable electricity supply, reuses part 

of the cell band whenever the mobile network does not put it 

to use. The cluster head performs spectrum sensing, random 

scheduling of the sensor nodes, and schedules a few idle time 

for energy transfer. The sensor nodes harvest RF strength from 

the cell traffic and the transferred strength from the cluster 

head. Provided the sensor nodes have enough electricity, they 

transmit amassed sensory statistics while scheduled. The inter-

play between the cell and IoT community introduces 

exchange-offs among the spectrum availability, strength 
availability, information and power transfer. This work 

indicates that for the same cellular site visitors degree, because 

the number of sensor nodes inside the network will increase, 

the IoT community utilization will increase ensuing in a multi-

consumer gain way to the published nature of the strength 

switch. The effects provide insights into distinctive 

operational regimes and exposes what type of IoT packages 

may be viable with such networks. We advise, for the primary 

time, a cell IoT network that performs RF power harvesting 

and switch, and shares its spectrum opportunistically with 

different cellular community services. The proposed slot-
synchronous IoT community is composed of  types of nodes: a 

cluster head (CLH) with a dependable supply of power that 

conducts blunders-prone sensing of the cell traffic and 

randomly schedules electricity harvesting sensor nodes (SNs) 

for information transfer. The CLH also randomly allocates 

some of its perceived idle channel time for electricity switch 

to SNs, which harvest electricity either from the transmission 

of the mobile community or from the strength switch of the 

CLH. In this framework, we exhibit the interplay between the 

spectrum availability, power availability, data and power 

switch operations the use of an inter-dependent Markov chain 
analysis and take a look at that there's a multi-person gain in 

the sum usage due to the printed nature of the electricity 

transmission; as the wide variety of sensor nodes increases, 

IoT network usage will increase even though man or woman 

utilizations decrease. We exhibit that the proposed mobile IoT 

community is a possible candidate for 5G, in particular for a 

green, strength and spectrally efficient sensor network 

operation with high range of nodes traumatic very low and 

bursty individual visitors masses. 

 

[11] Ashraf, N., Haraz,2017 worked an elliptical inset fed 

microstrip patch antenna is proposed for future 5th generation 
(5G) cellular communications. The antenna is installed on a 

compact Fr-four substrate having dimensions 5 X 5 X 1.6 mm 

3 with relative permittivity (εr) 4.4.The antenna is simulated in 

the HFSS software and the simulated consequences suggests 

that it's miles working at 28 GHz for mirrored image co-
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efficient (S11) below -10dB and has enormously strong 

radiation pattern. In this work a compact elliptical antenna is 
designed for future 5G cell communication on a Fr-4 

substrate. In literature such form of compact antennas have not 

yet been pronounced. Simulated consequences show that the 

antenna has an amazing resonance at 28 GHz and executed the 

impedance band width of 26.6-31.2 GHz. 

 

3. Conclusion: 

 It may be concluded through the dialogue on diverse layout 

and architectural features that the bandwidth development in 

mirror arrays is possible for boost future systems. The 

required bandwidth enhancement can both be executed by 
means of choosing a right unit cellular design or via definitely 

enhancing the entire replicate array shape. Additionally, the 

fee effective and much less complex layout calls for a few 

greater-ordinary experimental efforts to be made. The growing 

design sensitivity with excessive frequency is the main issue 

highlighted for 5G conversation structures which may be 

extended as a ability future research possibility. This problem 

may be tackled with the involvement of the laptop numerical 

manage technology in mirror array design and fabrication. The 

facts provided in this paper on broadband features of replicate 

array antenna can be taken as an preliminary platform for in 

addition studies on its development. The involvement of a few 
different features like fee, fabric residences and strength intake 

associated with high frequencies could make it more 

challenging for future studies. 
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