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A b s t r a c t: Since the standardization of 5G mobile networks has been completed, the deployments of 5G 

network has started all over the world. 5G mobile and wireless networks have achieved significant improvements in 

terms of latency, data rates, spectral efficiency, mobility and number of connected smart mobile devices. Therefore, 

they have marked the beginning of a true digital society. Although 5G network offers support of many broadband 

applications and services, still it may not be able to meet the rapid increase of the traffic demands. Therefore, the main 

research and development activities started to focus on the next 6G mobile and wireless network, which is expected to 

be commercially available around 2030. In this direction, this paper highlights the vision of the technologies used in 

6G network, 6G network architecture, 6G network challenges and potential solutions.  

Key words; 5G; 6G; Artificial Intelligence (AI); Internet of Things (IoT); mobile networks; mobile technology 

МОБИЛНИ 6G МРЕЖИ: НАСОКИ НА ИСТРАЖУВАЊЕ, ПРЕДИЗВИЦИ  

И МОЖНИ РЕШЕНИЈА 

А п с т р а к т: Бидејќи процесот на стандардизацијата на мобилните 5G мрежи е веќе завршен, започната 

е имплементацијата на мрежата 5G низ целиот свет. Мобилните и безжични мрежи 5G имаат значителни по-

добрувања во поглед на латентноста, податочните брзини, спектралната ефикасност, мобилноста и бројот на 

поврзани уреди. Затоа тие го имаат означено почетокот на вистинско дигитално општество. Иако 5G-мрежата 

нуди поддршка на голем број апликации и сервиси, сепак нема да биде во можност да ги задоволи барањата на 

рапидно зголемените сообраќајни побарувања. Затоа главните истражувачки и развојни активности почнаа да 

се фокусираат на идните мобилни и безжични мрежи 6G за кои се очекува да бидат комерцијално достапни 

околу 2030 година. Во таа насока, овој труд ја истакнува визијата на технологиите што ќе се користат во 

мобилните 6G мрежи, 6G-мрежната архитектура, предизвиците на 6G-мрежите, како и потенцијалните 

решенија. 

Клучни зборови: 5G; 6G; вештачка интелигенција (AI); интернет на нештата (IoT); мoбилни мрежи; мобилна 

технологија

1. INTRODUCTION  

5G mobile and wireless networks achieve sig-

nificant improvements in terms of latency, data 

rates, spectral efficiency, mobility and number of 

connected smart mobile devices. Therefore, they 

have marked the beginning of a true digital society.  

Nowadays there is a shift towards a society of 

fully automated and remote management systems in 

number of business sectors and industries. The rapid 

development of artificial intelligence (AI), virtual 

reality, three-dimensional (3D) media, and the inter-

net of everything (IoE), has led to a massive volume 
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of traffic [1]. The global mobile traffic in 2030 is 

predicted to be around 5000 EB/month [2]. 

Although 5G network offers support of many 

broadband applications and services, still it may not 

be able to meet the rapid increase of the traffic de-

mands [3]. In particular, the holographic communi-

cation may require a data rate up to terabits per sec-

ond (Tb/s), that is almost three times higher than the 

5G’s data rate and massive low latency (hundreds of 

microseconds), which is three time less than 5G’s 

latency [4 – 6]. Moreover, as a result of the ever-

increasing growth of the deployment of Internet of 

Things (IoT) and future Internet of Everything (IoE) 

devices, it would be necessary to improve further 

the connection density and coverage of 5G enabled 

IoT networks [7 – 8]. In addition, the future mobile 

networks are expected to be ultra-large-scale, highly 

dynamic, and incredibly complex system. There-

fore, the manual optimization and configuration 

tasks used in the existing mobile networks would be 

no longer suitable for the next generation mobile 

networks [9 – 12]. At last, the new emerging ser-

vices of Internet of Everything (IoE) such as ex-

tended reality (XR), telemedicine systems, mind-

machine interface (MMI), and flying cars would de-

mand high transmission rates, high reliability, and 

low latency, which significantly exceeds the origi-

nal goals of the 5G networks [13 – 15]. 

Therefore, with the beginning of global de-

ployment as well as global commercialization of 5G 

mobile network, the 6G network research initiatives 

have gained significant attention in both academy 

and industry.  

6G mobile and wireless networks would pro-

vide a large coverage that allows subscribers to 

communicate with one another everywhere with a 

high data rate speed due to the unconventional tech-

nologies such as extremely large bandwidth due to 

the THz waves, and the artificial intelligence. AI 

will be the driving force in designing and optimiz-

ing 6G architectures, protocols, and operations. 

These networks would drastically re-shape the wire-

less evolution from “connected things” to “con-

nected intelligence” [16]. In particular, 6G would 

provide support of ubiquitous and mobiquitous AI 

services from the core to the end devices of the net-

work, which would exceed the mobile internet used 

today.  

At the moment the initiatives of 6G primarily 

focus on identifying the main drivers, performance 

requirements, and technological innovations related 

to 6G.  

In this direction, this paper highlights the vi-

sion of the technologies used in 6G network, 6G net-

work architecture, 6G network challenges and po-

tential solutions. The rest of the paper is organized 

as follows. Section 2 explains the roadmap of 6G 

network. Section 3 provides details about 6G net-

work requirements. The 6G use cases are elaborated 

in Section 4. Section 5 describes the 6G service clas-

ses. Section 6 provides details about the possible 6G 

network architecture. Section 7 compares the user 

throughput between 5G and 6G network. Finally, 

Section 8 concludes the paper, addresses the chal-

lenges in 6G network that need to be resolved and 

provides directions for future work.  

2. THE ROADMAP OF 6G NETWORK 

Different standard organizations and bodies 

have proposed different roadmaps to 6G network 

[16]. The roadmap of 6G network envisioned by dif-

ferent organization standards, such as 3GPP, ITU, 

and PoC, is presented in Figure 1. It can be noticed 

that the current phase is the vision of 6G network. 

The next phase that includes study and definition of 

the 6G network requirements, as well as develop-

ment of 6G network components would start around 

2022. The definitions of specification and standards 

of 6G network are expected to start around 2025. 

The evaluation and the testbeds of 6G network 

would start around 2026. Finally, the first 6G 

commercially deployed network would be around 

2030. 

 

Fig. 1. The roadmap of 6G network 

3. 6G NETWORK REQUIREMENTS 

In order to address the issues that current 5G 

network is facing, new strategies such as operation 

in shared spectrum bands, inter-operator spectrum 

sharing, heterogeneous networks, leasing network-

ing slices on-domain should be considered. There-

fore, 6G network should satisfy new requirements.  
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A comparison of the requirements between 5G 

and 6G network are given in Table 1 [17]. It can be 

noticed that all parameters such as traffic capacity, 

data rate, end-to-end delay, processing delay, spec-

tral and energy efficiency etc., are improved several 

times over the value provided by 5G. New service 

classes would be introduced in 6G. The service clas-

ses would be discussed in Section 4.  

In addition, 6G network should require higher 

frequency bands in the terahertz spectrum, i.e., mil-

limeter waves. In addition, a very high and oppor-

tunistic data rate is required to support new emerg-

ing applications, such as immersive multimedia 

[18]. Also, 6G network would require much end-to-

end delay of less than 1 millisecond, in order to sup-

port some 6G services such as augmented reality, 

and telepresence. Furthermore, 6G network must re-

quire too high reliability, in order to enable mission 

and safety-critical applications. 

T a b l e  1 

5G vs 6G requirements 

– 5G 6G 

Latency 1 ms 0.1 ms 

Traffic capacity 10 Mbps/m2 10 Gbps/m3 

Latency Fair Slightly annoying 

Localization pre-

cision 

10 cm on 2D 1 cm on 3D 

User experience 50 Mbps 2D every-

where 

10 Gbps 3D every-

where 

DL peak rate 100 Gbps 1 Tbps 

UL peak rate 50 Gbps ~ 1 Tbps 

Reliability FER 10-5 FER 10–9 

Service classes eMBB, URLLC, 

mMTC 

mURLLC, eURLLC, 

meMBB, COC, 

EDuRLLC, CAeC, 

uHSLLC, uHDD, 

uMUB HCS, MPS 

Processing delay 50 ns 10 ns 

Frequency bands Sub-6 GHz; 

MmWave for fixed 

access at 26 GHz 

and 28 GHz. 

Sub-6 GHz; 

MmWave for mobile 

access; THz band 

above 300 GHz; Non 

RF 

Spectral and 

energy efficiency 

compared to 

today’s network 

10 up to 100x in 

bps/Hz/m2/Joules 

1000x in 

bps/Hz/m3/Joules 

(volumetric) 

Moreover, 6G network should provide support 

for greater number of massive machine type con-

nected devices, than 5G network. In that direction 

6G should provide scalability, efficient connectivity 

with connectivity and reliability, coverage improve-

ment, as well as QoS and QoE provisioning. In or-

der to manage such complex network, artificial in-

telligence (AI) with machine learning (ML) tech-

niques are used to support the network autonomy, 

as well as to get a knowledge of the surrounding 

environment in with 6G network would operate. 6G 

network would possess self-healing, self-organiza-

tion, self-reconfiguration, self-optimization, self-

aggregation, and self-protection capabilities.  

In addition, 6G is expected to make Internet of 

everything (IoE) to become reality, where billion of 

devices such as sensors, actuators, smartphones, 

tablets, vehicles, and many other objects would be 

connected to Internet and would generate a large 

amount of data [19]. Therefore, 6G network should 

be scalable, and coped with ML it will be able to 

analyze data, extract hidden knowledge, and to 

solve the issue of raw data transmission, as well as 

to improve the utilization of network resources.  

6G network and 6G devices would require 

much more energy than 5G, since they would oper-

ate on higher frequency bands than 5G. On other 

hand 6G network should have improved energy ef-

ficiency than 5G network. Therefore, at the moment 

new energy harvesting techniques are under inves-

tigation in order to resolve the issue with the 6G en-

ergy efficiency [20]. 

6G users would be able to experience 3D hol-

ographic display [20]. In order to achieve this ter-

restrial and aerial devices should be employed. 

In addition, 6G network would use telecom-

munication satellites, and earth imaging satellites to 

provide global coverage, localization services, 

broadcast and Internet connectivity. Finally, en-

hanced software-define networks (SDN) with net-

work function virtualization (NFV) and network 

slicing would provide dynamic and programmati-

cally efficient network management in 6G [20]. 

NFV would consolidate the network instruments 

onto the servers located at data centers, distributed 

network devices, or even at end-user premises. Dy-

namic network slicing allows a network operator to 

provide dedicated virtual networks in order to sup-

port optimal delivery of any service toward a wide 

range of users, machines, vehicles and industries. It 

is key management element when a large number of 

users are connected to a large number of heteroge-

neous networks in communication systems.  
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4. 6G USE CASES 

There is continuous need for the revenue 

growth from the mobile operators’ perspective [21]. 

However, this growth can be achieved only if it is 

possible to attract mobile users to mobile broad-

band. Therefore, mobile operators should provide 

support for new use cases of 6G. This section high-

lights some of the potential 6G use cases. 

One of the most critical application in 6G net-

work is the holographic telepresence, which would 

enable users to enrich their traditional audiovisual 

communication with the sense of touch, while they 

are in different geographical locations [22]. 5G net-

work would not be able completely to support holo-

graphic telepresence because it has very strict re-

quirements such as terabits data rate (up to 4 Tb/s), 

ultra-low latency (less than 1 ms), and reliable com-

munications. 

Another possibility for new revenue sources 

for larger growth of mobile sector is the digitaliza-

tion of all segments of the public life, public admin-

istration and industry, which is expected to be 

achieved with the worldwide deployments of 5G 

network. This would enable telecom operators to in-

clude themselves into the new business models and 

value chain. The industrial automation, i.e. the dig-

ital transformation of traditional manufacturing and 

industrial processes via cyber-physical and IoT sys-

tems, also known as Industry 4.0 transform is ex-

pected to be completed with the deployment of 6G 

network, because some of these processes require 

high data rate, very low latency, jitter delay, etc. 

[23].  

Smart environments, i.e. smart cities and smart 

homes tend significantly to increase the quality of 

life by performing optimization of the services and 

operations, resources management, automatization 

of the functions, etc. [20]. These services would be 

partially enabled by 5G network due to their strict 

requirements. 6G network is expected to complete 

task of smart environments.  

With the technological innovations such as ar-

tificial intelligence, augmented reality, virtual real-

ity, and holographic telepresence, 6G would offer 

many new possibilities in the e-health, since it 

would provide very high reliability (99.99999 %), 

very high precision, and very ultra-low latency (< 1 

ms) [20].  

In addition, 6G network would provide a com-

plete support of tactile internet, provide a more in-

telligent human-to-machine type of communication 

for real-time controlling IoT devices [24]. The tac-

tile internet would enable humans and machines to 

exchange control, touch, and sense data in a real-

time manner, which would provide support for hap-

tics interface, as well as, possible visual feedback 

and remote response behavior that would be used in 

the industry, e-commerce, and many other possible 

applications.  

Another potential use cases of 6G are the con-

nected robots (robotic communications) and auton-

omous systems that would result with the usage of 

unmanned aerial vehicle (UAV) services in every-

day life, industry and transportation [20]. Moreover, 

6G network is expected to enable cellular vehicle-

to-anything (V2X) and vehicle-to-server connectiv-

ity in a very reliable fashion [25 – 26]. 

Augmented reality and virtual reality are the 

one of the most distinguished services being used in 

5G networks. However, augmented and virtual real-

ity would affect many research areas and provide 

new use cases, such as remote surgery, MMI, haptic 

technology, and game technology [27], may not be 

completely supported by 5G networks, because they 

may exceed the capacity of supported by 5G net-

works. Such new applications, are haptic technol-

ogy and virtual meeting room (VMR) which would 

transmit a large amount of real-time data, and would 

require very low end-to-end latency. Therefore, 6G 

network is expected to accomplish these strict re-

quirements for the future AR and VR applications.  

5. 6G SERVICE CLASSES 

As it is already known, there are 3 main key 

service types introduced by 5G: Enhanced Mobile 

Broadband (eMBB), massive Machine Type Com-

munication (mMTC) and Ultra-Reliable Low-La-

tency Communication (URLLC) [20]. Since 5G 

network would not satisfy many new upcoming ap-

plications and use cases, it is necessary to define 

new service classes in 6G, which would provide ex-

treme high data rates, extreme ultra low end-to-end 

latency, and very high reliability.  

On the basis of the 6G use cases provided in 

the previous section, several new 6G service classes 

can be defined. In general, all service classes require 

low latency, high reliability, high data rate, massive 

connectivity, and full mobility. In [20] the following 

6G service classes are defined: massive URLLC 

(mURLLC), enhanced mobile broadband URLLC 

(eURLLC), and massive eMBB (meMBB).  
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The mURLLC is the 5G URLLC service class 

increased to a massive scale, and combines the 

URLLC with mMTC (mMTC + URLLC). One po-

tential application in this class could be autonomous 

intelligent driving. The eURLLC service class com-

bines both eMBB and URLLC classes (eMBB + 

URLLC). AR, VR and holographic meetings are 

some of the applications that fit into this service 

class. The meMBB service class combines the 

mMTC and eMBB classes (mMTC + eMBB). The 

tactile Internet fits into this class which would be 

used to improve the operations and functions in in-

dustrial IoT devices (IIoT) in Industry 4.0.  

Apart from these 3 service classes in [16] and 

[28] are envisioned the following 6G service clas-

ses: Computation Oriented Communications (COC), 

Event Defined uRLLC (EDuRLLC), and Contextu-

ally Agile eMBB Communications (CAeC). The 

COC would be able flexibly choose an operating 

point in the rate-latency-reliability space depending 

on the available communications resources in order 

to achieve a certain computational accuracy. The 

EDuRLLC would support uRLLC in extreme or 

emergency events with spatially and temporally 

changing device densities, traffic patterns, and spec-

trum and infrastructure availability. The CAeC 

should provide provision of eMBB services which 

would be adaptive to the network context (link con-

gestion and network topology), physical environ-

ment (surrounding location and mobility) and social 

networking context (social neighborhood and senti-

ments).  

In addition, the advances in industry and au-

tonomous intelligent driving, as well as the potential 

convergence of photonics and artificial intelligence, 

would result with the appearance of new core ser-

vice classes, such as ultra-High Speed with Low La-

tency Communications (uHSLLC), ultra-High Data 

Density (uHDD), and ubiquitous Mobile Ultra 

Broadband (uMUB) [29]. Also, Human Centric Ser-

vices (HCS) and multi-purpose 3CLS (control lo-

calization and sensing) and energy services (MPS) 

have been introduced as new 6G service classes 

[17]. HCS services would require new Quality of 

Physical Experience (QoPE) metrical targets, 

tightly coupled with their users, rather than raw-re-

liability-latency QoS metrics. The multi-purpose 

3CLS (control localization and sensing) and energy 

services would be particularly important for Con-

nected Robots and Autonomous Systems (CRAS), 

which require joint uplink-downlink designs in or-

der meet target performance for the control (e.g. 

stability), computing latency, target energy to trans-

fer, localization precision, and accuracy of a 

mapped radio environment. This service class can 

also offer energy to small devices via wireless ener-

gy transfer. 

6. 6G NETWORK ARCHITECTURE 

On the basis of the 6G network requirements 

and 6G use cases our proposed 6G network archi-

tecture is presented on Figure 2. It consists of dif-

ferent access networks such as air networks, ground 

networks, vehicle-to-vehicle communications, un-

dersea networks, etc. connected to a single core with 

massive processing capacity capable to support 

cloud computing, network function virtualization 

(NFV) and software defined networking (SDN) 

[30]. The architecture of 6G network would consist 

of both: new technologies which would be invented 

by the evolution of the existing technologies, revo-

lutionary technologies, and new revolutionary tech-

nologies.  

 
Fig. 2. 6G network architecture [30] 

The evolutionary technologies are the follow-

ing: non-terrestrial technologies (UAV and satellite 

communications), artificial intelligence, energy har-

vesting mechanisms, large intelligent surfaces 
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(LIS), multi-access edge computing, non-orthogo-

nal multiple access (NOMA), device-to-device 

(D2D) communication, grant-free transmission, 

sparse signal processing, and holographic MIMO 

surfaces.  

UAV-assisted communications would be in 

6G-enabled IoT networks, that can overcome geo-

graphical and environmental limitations on wireless 

communications such as ships on the ocean, de-

ployed sensors in the remote / isolated regions, and 

out of terrestrial network coverage areas [31]. They 

can be incorporated into the cellular network as a 

new category of user equipment (UE) that gets ser-

vices while it flies in the sky, or can work as aerial 

BSs or relay nodes to help legacy terrestrial wireless 

communications by connectivity from the sky. 

UAVs can provide more reliable connections, 

multi-user scheduling and better resource allocation 

for radio access. 

Satellite communications that provide very 

high throughput would be integrated in 6G network 

in order to achieve ubiquitous connectivity, and 

broadband Internet connectivity, especially in the 

geographical regions that cannot be covered by the 

terrestrial communication networks. Furthermore, 

satellite communications can be utilized for IoT sce-

narios [32]. 

The most influential and recently proposed en-

abling technology for the 6G network is artificial 

intelligence (AI) [33]. In this network architecture 

AI is introduced at any horizontal or vertical level, 

at all TCP/IP layers, at any slice configuration and 

cloud-based network resource (edge computing). 

The result would be self-sustainable ultra-smart net-

work that could offer advanced self-managed ser-

vices.  

6G design would introduce artificial intelli-

gence (AI) analytics. Some proposals define de-

scriptive, diagnostic, predictive and prescriptive 

data analytics [34 – 35]. Our scenario proposes fol-

lowing three AI data analytics types: network ana-

lytics that analyzes collected historical data to get 

insights of the network status especially of the PHY, 

MAC, network and transport layer, variety of QoS 

parameters and etc. Actually, it would provide net-

work status and utilization opportunities. Work data 

which is obtained as an output of the network ana-

lytics processes would be used by Core data analyt-

ics for detecting and predicting the network anoma-

lies in order to improve reliability and security of 

the network. The obtained data would be used to de-

tect future faults based at historical and current 

information and network behavior. Resource alloca-

tion solutions and notifications are expected to be 

output of this process. Predictive analytics would 

use data to forecast future resource availability 

based at user mobility prediction, traffic patterns 

and overload. It is expected optimized solutions to 

be proposed for allocation of the resources, network 

virtualization and slicing, edge computing, and op-

timization of virtual devices that consist the network 

in order to offer ultimate network utilization, data 

transfer speed and traffic QoS. In some points core 

and predictive analytics may overlap. Even if this 

scenario looks naive it isn’t, it must consider a huge 

number of parameters, i.e., big data deep learning 

mechanisms which need to be optimized if end to 

end traffic optimization is used.  

Energy harvesting mechanisms should be in-

corporated in order to meet strict energy limitations 

affordably and sustainably. These mechanisms can 

generate electrical power from the external sources 

for the energy supply of network devices, e.g., BSs 

and UEs. Two potential solutions have attracted in-

creasing attention for tackling this issue, including 

1) further improve the energy efficiency of low-

power devices, and 2) energy harvesting mecha-

nisms and wireless information and power transfer 

(WIPT) [36]. The Terahertz (THz) communications 

and intelligent surfaces open up many opportunities 

to achieve the energy self-sufficiency and self-sus-

tainability vision for the 6G network. For example, 

because of its better directionality, the THz fre-

quency band is more efficient than lower frequency 

bands for WIPT scenarios.  

Reconfigurable intelligent surfaces (RISs) 

and large intelligent surfaces (LISs) are smart 

electromagnetic materials that can be embedded in 

our environments, such as buildings, walls, and 

clothes. These surfaces able to change the reflection 

of radio waves and expected to lead to the introduc-

tion of new communication technologies such as 

holographic MIMO and holographic radio fre-

quency (RF) [37]. Using LIS technology, massive 

MIMO systems’ impressive performance gains can 

be reached and improve these systems’ energy effi-

ciency because LIS’ elements do not dependent on 

any active power source to transmit data [38]. 

Multi-access Edge Computing (MEC) refers 

to the deployment and execution of distributed com-

puting capabilities, content caching, and network 

data analytics and network decisions making at the 

network edge [39]. MEC would be a primary player 

in the 6G networks as it can act as an intermediate 

layer that allows active data analytics, where the 
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data is generated. This paradigm is crucially essen-

tial for resource constrained services/applications 

[40]. In addition, MEC would rapidly reduce the 

end-to-end (E2E) latency by providing edge-based 

data processing and analytics approaches, for 

AR/VR and V2X services. Besides, MEC’s local-

ized data preprocessing capabilities can reduce the 

need for sending a considerable amount of redun-

dant or unnecessary data to the cloud data centers. 

MEC is also expected to be used to efficiently man-

age network resources (e.g. computational and 

communication). 

One of the most influential radio access mech-

anisms in 6G networks would be Non-Orthogonal 

Multiple Access (NOMA). It plays an important 

role in the implementation and optimization of polar 

coding and channel polarization methods. It also 

provides significant improvement in terms of secu-

rity, secrecy capacity, and user fairness [41], by lev-

eraging successive interference cancellation (SIC) 

technique and strong/weak users’ decoding order. 

Massive URLLC is envisioned as one of the leading 

service classes in the 6G networks, where NOMA 

technologies have remarkable abilities in guarantee-

ing services such as mMTC and URLLC. Moreover, 

the MEC convergence with the NOMA, also called 

NOMA-assisted MEC, can further enhance the 

computation service in 6G [42]. 

Device-to-device (D2D) communication may 

provide 6G network infrastructure for various D2D-

based solutions for NOMA, network slicing, and 

mobile edge computing (MEC) [11]. Furthermore, 

it is envisioned that low latency and high-speed 

D2D communication is essential for the 6G 

networks to deal with the limited distance commu-

nication because of THz technology in the future ul-

tra-dense heterogeneous networks (UDHN).  

Grant-free transmission technology [43] has 

been identified as a critical medium access control 

mechanism which would enable massive IoT con-

nectivity over mobile networks. With this technol-

ogy the devices can send their data during randomly 

chosen time-frequency resources in an automatic 

manner to realize low-latency access and decline 

signaling overhead associating with the scheduling 

request.  

Sparse signal processing optimally utilizes 

sparsity in signals for reconstructing them effi-

ciently and with fewer samples [44]. It can be used 

to accurately and effectively recognize active IoT 

devices in the grant-free transmission approach. 

Sparse signal processing is also important for real-

izing THz communications in the 6G networks. Due 

to THz channels’ sparse nature, compressive sens-

ing methods for sparse channel recovery in THz 

channels estimation can be used.  

Holographic MIMO Surfaces (HMIMOS) is 

another 6G enabling technology which would im-

prove massive MIMO technology in terms of size, 

cost, weight, and energy consumption by transform-

ing the wireless network environment into a recon-

figurable intelligent entity [45].  

The revolutionary technologies in 6G net-

works are expected to be the following: Terahertz 

(THz) communications (millimeter waves commu-

nications), optical wireless technology, 3-dimen-

sional (3D) network coverage, edge intelligence 

(EI), quantum communications, and cell-less or 

cell-free communication architecture.  

Terahertz (THz) communications would be 

fundamental in 6G. The terahertz frequency band is 

between the mmWave and optical bands, and it 

ranges from 100 GHz to 10 THz [46]. THz fre-

quency band is promised to provide data rates on 

hundreds of Gbps (e.g., 100 Gbps), secure transmis-

sions, extensive connectivity, highly dense network, 

and enhance spectral efficiency, consequently in-

crease the bandwidth (>50 GHz) to meet the re-

quirements of 6G use cases with massive data rates 

and ultra-low latency.  

Optical Wireless Technology (OWC) would 

be used in 6G, alongside radio frequency (RF) com-

munications. OWC frequency range consists of in-

frared (IR), visible light communication (VLC), and 

ultraviolet (UV) spectrum [47]. Among OWC tech-

nologies, VLC is the most promising frequency 

spectrum because of the technology advancement 

and extensive using of light-emitting diodes 

(LEDs). The OWC in the visible spectrum (380 to 

740 nanometers) is generally known as VLC, which 

visible to the human eye. 

The maximum data rate of OWC is highly de-

pendent on lighting technology. For example, a gal-

lium nitride (GaN)-based LED can achieve data rate 

up to 4 Gbps [48 – 49]. The achievable data rate of 

VLC would reach hundreds of Gbps for the 6G net-

work due to the technological improvements of 

LED lamps, as well as, the digital modulation tech-

niques [50]. It is expected VLC technology to be 

widely used in different applications, such as intel-

ligent transportation systems (ITSs), smart cities 

and homes, the advertising and entertainment indus-

try, and hospitals. 

6G network would integrate the terrestrial and 

non-terrestrial technologies to support 3D network 
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coverage [51]. Compared with the fixed 2D infra-

structures, the 3D strategy is much more timely and 

economically efficient (telecommunications opera-

tors have to bear the cost of the deployment of dense 

mobile networks to guarantee massive connectiv-

ity), especially when the operators want to quickly 

provide seamless/reliable/continuous services in ru-

ral areas, or in the case of natural disasters. 3D cov-

erage would also enable communication system for 

deep-sea and high altitude. 

Edge Intelligence (EI) or edge AI is another 

promising computing paradigm that gains enormous 

interest [52 – 53]. Big data sources as an enabling 

technology for learning based solutions have re-

cently represented a significant shift from the cloud 

data centers to the ever-increasing edge devices, e.g. 

smartphones and industrial IoT devices. It is evident 

that these edge devices would push the AI solutions 

to the edge of the network to exploit the edge big 

data sources’ potential entirely. 

6G networks would adopt ubiquitous AI solu-

tions from the network core to the edge devices. 

However, the conventional centralized ML algo-

rithms need the availability of a large amount of 

centralized data and training on a central server 

(e.g., cloud server or centralized machine). This 

would result with a bottleneck in the future ultra-

large scale mobile networks [54]. Fortunately, fed-

erated learning (FL) which is an emerging distrib-

uted ML technique, is a promising solution to deal 

with this challenge and realize ubiquitous AI in the 

6G networks. FL does not rely on storing all data to 

a central server where model training can occur. In-

stead, the innovative idea of FL is to train an ML 

model at each device (participant or data owner) 

where data is generated, or a data source has re-

sided, and then let the participants send their indi-

vidual models to a server (or aggregation server) 

and like that to achieve an agreement for a global 

model. However, despite the considerable potential 

advantages of FL for the 6G networks, FL is still in 

its infancy and encounter various challenges for 

fully operationalize in the 6G networks. 

Quantum communications has a strong po-

tential to meet the stringent requirements of 6G such 

as massive data rates, efficient computing, and 

strong security [55]. In this direction, technologies 

such as quantum optical communications (QOCs), 

quantum optical twin, quantum communication, and 

quantum key distribution (QKD) have been investi-

gated [56 – 57]. The main idea of QC-assisted com-

munications is to use photons (or quantum fields) to 

encode the data in the quantum state (or qubits) and 

like that to transmit qubits from a quantum emitter 

to a quantum receiver. Qubits in communications 

bring enormous advantages, such as communication 

security, high-speed and low transmission losses in 

optical and radio mediums, lessening the chance of 

decoherence, etc. Moreover, QC-assisted communi-

cation shows excellent potentials for long-distance 

communications, where quantum repeaters can be 

used at long distances to divide the communication 

link into multiple shorter middle segments and then 

correct errors such as photon loss and operation er-

rors in these segments [58]. In addition, AI would 

be revolutionized by QC, because the existing AI 

techniques are quite expensive in terms of energy, 

time, and resources. 

Cell-less communication architecture, also 

known as cell-free, has been proposed to deal with 

performance degradation poses by the cellular net-

works’ handover process [59]. Under this architec-

ture, a UE can communicate with cooperative BSs 

(or access points (APs)) through coordinated multi-

point transmission and reception techniques instead 

of connecting to a single BS. 

Cell-less communications enhance connectiv-

ity and lower the latency induced by the handover 

process. Cell-less communications would be inevi-

table in 6G networks because of the fast deployment 

of heterogeneous communication systems and using 

several frequency bands, where UEs would transfer 

from one network to another network without re-

quiring doing handover process [25]. The UEs 

would be able to select the most optimal link from 

the available heterogeneous links (e.g., THz, 

mmWave, and VLC) in an automated manner. As a 

result, the issues of the traditional handover, such as 

data loss and handover delays/failures, can be alle-

viated and like a better QoS would be achieved. 

Cell-less communications would enable UEs’ seam-

less mobility without overhead because of the hand-

over process. 

7. 6G USER THROUGHPUT 

The performances in 6G can be explored in 

many ways such as the user throughput. The follow-

ing scenario is used. There is a region in which are 

located a group of N smart user devices, which are 

covered either by 5G or 6G network. The user de-

vices are assumed to be same smart capabilities 

capable, and are located on a different distance from 

the RANs.  
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Throughput is the quantity of data that can pass 

from source to destination in a specific time. The 

user throughput T can be calculated as a ratio of the 

peak data rate R, and the number of users N:  

 

R
T

N
=

  
(1)

 

The peak data rate for 5G and 6G network in 

downlink and uplink direction is given in Table 1. 

The number of the users is varied from 100 to 1000. 

The user throughput results are shown in Figure 3. 

It can be noticed that 6G offers much higher user 

throughput than 5G in both downlink and uplink di-

rection. This means that much higher quantity data 

can pass through 6G network rather than 5G net-

work, since it offers user throughput in the order of 

Gbps, while 5G offers throughput in the order of 

Mbps.  

 
a) Ddownlink direction

 
b) Uplink direction 

Fig. 3. A Comparison of the user throughput between  

5G and 6G network architecture 

8. CONCLUSION 

The exponential increase in broadband multi-

media wireless communications, as well as the rapid 

proliferation of smart mobile devices would shape 

the creation of the future 6th generation of mobile 

and wireless communications, also known as 6G. 

Considering the network management and orches-

tration, signal processing and coding at the physical 

layer, manipulation of smart structures, and data 

mining of the network, service-based context-aware 

communications managed per device, we can con-

clude that AI will drive future end to end communi-

cation, including smart core, slices, smart edge net-

work, CPE, any network terminal, phones and ap-

plications.  

AI-enabled intelligent architecture of 6G net-

works will be implemented to realize knowledge 

discovery, smart resource management, automatic 

network adjustment and intelligent service provi-

sioning. Collective AI represents advanced form of 

current AI techniques that address coexistence of 

multiple distributed mobile radio learning agents for 

variety of benefits. 6G deployment is expected to 

start around 2030. This network would be very 

much energy and bandwidth efficient. 

New dimensions such as quantum communi-

cation, satellite integration and possible undersea 

wireless electromagnetic communication are ex-

pected to find place in 6G. In addition, terahertz, 

visible light communication and technologies, such 

as compressed sensing theory, new channel coding, 

large-scale antenna, flexible spectrum usage, AI-

based wireless communication and special features 

as Space-Air-Ground-Sea integrated communica-

tion and wireless tactile network are few of the nov-

elties that are expected to become a common net-

work standard of 6G.  

Key 6G driver is expected to be the conver-

gence of all past features as high throughput, net-

work densification, low energy consumption, high 

reliability and massive connectivity. Future services 

would include AI, smart wearables, autonomous ve-

hicles, computing reality devices, 3D mapping, 

sensing, augmented and virtual reality, holographic 

telepresence, Massive IoT Integrated Smart Cities, 

automation in manufacturing and many more. Self-

evaluation at any level as availability effectiveness, 

security, efficiency, scalability, portability, flexibil-

ity will be driven by AI that will introduce the first 

self-sustain network. 
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