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 Abstract—The next generation of wireless commu-
nication is going to meet human demands beyond today’s 
trend. This study sets the frame on the future of wireless 
communication that requires real time responses which 
pushes this technology towards lower latency and conflict-
ing required band for whole system. Moreover, the 
challenges for this hot topic are highlighted. So this study 
had shed light on the important studies that had been 
done to get to the bottom of these issues.
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 From the long time scale, the first huge success of the 
wireless communication is the combination of video and mobile 
technology with the telephony technology that is the achievement 
of Global System for Mobile Communications (GSM) network. 
The GSM network simply moved the fixed voice service into 
the mobile network that was a huge success [1]. Later, in 1998 
the concern was to use the combination of mobile network with 
internet service. Hence the basic 3G has been introduced by 
Code Division Multiple Access (CDMA) and the 3rd Generation 
Partnership Project (3GPP). The 3GPP covered cellular telecom-
munications network technologies, including radio access, the 
core transport network, and service capabilities, moreover, 
considering the security and quality of service (QoS) has led 
to complete system specifications. The specifications provide 
hooks for non-radio access to the core network, and also coopera-
tion of new technology with Wi-Fi networks. The main concern 
of those days was to make the swift network with the speed of 
10 times of the GSM which practically led to our accessibility 
to the internet. Then the High Speed Packet Access (HSPA) 
came up which increased the speed of internet access up to ten 
times. So in the process of changing technology and aiming 
the internet access in addition to the voice service, the Long 
Term Evolution (LTE) came up and is accessible nowadays. 

 Going to the next generation of wireless communications 
(5G), not only the internet access is going to be offered to the 
user, it is much more diverse service which is connecting 
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everything in the world. This definition will show how vast 
the 5G systems are. Therefore, 5G enables the connection of 
everyone and everything in anytime and anywhere known as 
Internet of Things (IOT). 

 Main benefits of adopting 5G concept are basically the 
higher capacity, higher data rate, ultra-low latency, high reliabili-
ty of applications and more energy efficiency. In order to 
support high required data traffic in future communication 
systems, 5G is supposed to provide 1000 times more capacity 
in comparison to 4G in the hierarchy network in parallel with 
100 times faster speed and 100 times more connectivity to the 
users. The most important issue regarding 5G is the ultra-low 
latency which would be beyond human perception. Two way 
gaming, cloud based technologies, tactile internet, and virtual 
realities require much less roundtrip latencies compared to 4G. 
Consequently, 5G latencies are intended to be around 1ms, 
which is so small amount in comparison to 15ms for 4G case. 
For future wireless systems, the design of new applications is 
pictured based on machine-to-machine (M2M) communication 
with real-time embarrassment to improve the quality of life. 
Enhanced mobile cloud services, real-time traffic control optimi-
zation, emergency and disaster response, smart grid, e-health 
or efficient industrial communications are also examples of 
where low latency and high reliability in the coming 5G technol-
ogy appears. The last but not the least is energy which will 
change the architecture of the network for deployment. Energy 
efficiency is one of the requirements for 5G systems. Besides 
the Spectrum Efficiency (SE), the Energy Efficiency (EE) has 
been also introduced as a critical issue for the next generation 
of wireless communications. 

 Fundamentally 5G can be defined as the continued evolu-
tion of mobile broadband service based on the cellular network 
which requires 100 times more throughput. The technical 
challenge for this proposed technology is the higher spectrum 
efficiency. 5G is a cellular-based IOT that has a large coverage. 
Older networks are also in the center of attention to be virtualized 
and be able to arbitrary change topologies due to the service. 

 Getting to more detail, 5G is more than just a high speed 
communication. Hence the links of the network as well as 
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latency are all together making the 5G concept. 3G and 4G 
networks are designed for only two parameters which are 
average spectrum efficiency and average cell spectrum efficien-
cy[2]. Hence, in order to design 5G, the network has to be very 
dynamically virtualized and being abstracted by the applications. 
That would require a definable physical layer.

 At this very early stage, the spectrum shortage is one of 
the most important points that must be taken into account. The 
other challenge regarding this new technology is its high efficien-
cy. Accordingly, seeking disruptive spectral efficiency for a 
revolutionary clean slate design is of the biggest concern. Propos-
ing a high gain for 5G, the frequency spectrum below 6GHz 
is still very critical to lunch 5G and adding the internet of the 
things. So the spectrum efficiency is the key challenge in lunch-
ing the 5G.

 The potential of 5G can be easily illustrated by thinking 
of the IOT. Massive connections of things require a huge number 
of sensors to make it possible, considering the connection of 
everything in addition to the already existing human gadget 
connections. The other critical issue in controlling the IOT for 
the purpose of optimizing the connectivity of different things 
is the zero latency for 5G. 
 
 The remainder of the paper is arranged as follows: Section 
II describes the required physical layer, while section III briefly 
introduces the Multiple-input Multiple –Output (MIMO) 
technology and proposed channel models for 5G. In section 
IV, the spectrum regulations for 5G are presented. Finally, the 
paper is concluded in Section.

 Studies [3-8] have been conducted in order to propose a 
proper physical layer for the practical operation of 5G. The 
common sense in all these studies is departing from 
LTE-OFDM due to the difference between 4G and 5G funda-
mental constructions. In case of 4G, the construction makes 
the need of uniform orthogonality and one computing 
platform for the file transfer protocol (FTP) with strict 
synchronization of different kinds of services that limits lots 
of applications in 4G. 

 Therefore, the proposed framework for 5G is based on 
departing from the two layers of true orthogonal and synchro-
nized layer into the non-orthogonal and synchronous-free 
structure to enable the IOT. The first layer uses Flash Orthog-
onal Frequency Division Multiplexing (F-OFDM) which 
applies filtering on the resource block to decouple the 
inter-block that is existed in 4G structure. Some blocks can 
use ultra-narrowband while some others are using very high 
internet speed, some with very small cyclic preface and 

II. PHYSICAL LAYER 

utilized for indoor but they are all in the harmonized design, 
if we have inter-block orthogonality.

 An extra dimension more than the orthogonality for the 
case of 5G is required. This dimension is where the spectrum 
efficiency will come out with the first basic step. In this case 
a very low latency and very large number of link connectivity 
would be provided.

 The ever increasing demand of the wireless communi-
cation led to the new efficient architecture for the upcoming 
5G to address the so called “Exabyte data flood” which is two 
level above terabytes [9]. 
 
 The intervention of the future system would be signifi-
cantly improved by changing the deployment of the system 
architecture to allow the system to be connected to several 
local and remote control centers in rapid and consistent 
manner. Hence a brief review on the structure of Multi-Input 
Multi-Output (MIMO) technology as one of the key factors of 
5G issues to support more data rate of about 1000 times 4G, 
and the channel model is illustrated in this section [1-5]. 

 One of the biggest challenges regarding 5G is the 
realization of the massive MIMO due to the 5G structure. 
Due to the small cell size in 5G, the need for massive MIMO 
(instead of conventional MIMO) for these congested small 
cells will increase. In massive MIMO systems, the antenna 
arrays can have a few hundred antennas and able to serve tens 
of terminals in the same time-frequency resource [10]. 
Consequently, the advantages of using conventional MIMO 
will be conserved and observed on a much greater scale. One 
of the benefits of Massive MIMO is the effects of Gaussian 
noise and uncorrelated intra-cell and inter-cell interference 
are eliminated in Massive MIMO. In a massive MIMO 
system equipped with many low power antennas, better 
performance regarding power saving, spectrum efficiency 
and link reliability can be achieved compared to conventional 
MIMO. Massive MIMO can be used as an alternative to cell 
size shrinking.  

 The capacity of Massive MIMO system is increased as 
the number of the equipped antennas increases. However, 
some technical issues should be taken in this regard such as; 
pilot and low power transmission design from the practical 
perspective along with channel estimation, power allocation 
strategies and capacity bounds from the theoretical perspec-
tive [11]. Other MIMO limiting factors can be narrated to 
channel reciprocity, pilot contamination, radio propagation 
and orthogonality of channel responses [10].  

III. ARCHITECTURE 



 Regarding the channel modeling and characterization 
targeting the 5G deployment, wide field measurements  are 
required to establish the proper channel modeling based on 
the impact of antenna correlation and couplings [12, 13].The 
current channel model proposed for the future operation of 
5G is a 3D channel modeling[14] . According to [15], the 
WINER I project is already focused on the channel model to 
cover a proper propagation scenario for all indoor, urban 
micro and macro cells, suburban and rural macro cells and the 
stationary feeder links, scenarios. Moreover, the WINER II 
project is focusing on prediction of large scale path loss statis-
tics. In addition, the other considerable channel model is the 
one utilized for the International Mobile Telecommunication- 
Advanced (IMT-A). 

 Most recently, some channel measurements have been 
conducted assuming the millimeter wave (mm-wave) 
spectrum for the operation of 5G. Subsequently, studies 
[16-22] have performed different propagation measurements 
at 28 GHz and 38 GHz. Regarding these studies, the micro 
cell radius of 200 meters with the single 10-degree 
beam-width antenna  provided  the cell coverage of 80% for 
combined four coherent beams. The beam combination 
procedure have been performed using float intercept model in 
[23] and the close-in free space reference path loss model 
have been conducted in [24]. 

 According to the obtained results the beam combining 
improves the received signal quality and link coverage. More 
specified result regarding beam combination can be found in 
[24] in which the combination of bi-beam, tri-beam and 
quad-beam and their effect on path loss and shadow has been 
investigated. Consequently, the revealed results proved the 
effect of combining four beams will led to reduction in trans-
mitter-receiver separation distance of up to 100 meters. Table 
1 illustrates the comparison between current 2 to 4 genera-
tions and the 5th Generation.
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Table 1. Comparison between current generations and 5G.

  Current generation 5G
subscription 7.085 million 7.02 billion
IOT units 8 million 26 billion
Internet connected 1.8 6.8
devices per person

 The other issue concerned in 5G structure is to propose 
this new technology to serve public safety users such as 
military forces relying on channel condition sub-grouping 
policies. In this scenario, the quality of channel is the key 
element on priority decision i.e., the user with poor channel 
condition has priority while maximizing user’s throughput. 

The standalone ground and areal platforms are main compo-
nents of this structure in order to have a rapid deployment in 
disaster scenarios where the physical access is blocked. 

 The last but not the least is the cell structure that must be 
designed in such a way to be able to use wireless backhaul for 
transmitting data to other cells by means of fiber optic links. 
At this juncture, the cell size is in the center of attention. The 
cell must be designed with a significant size to provide the 
required frequency reuse while minimizing the number of 
base stations that leads to the cost efficiency of cell [19, 25]. 
Therefore, the cell coverage extension for a specified trans-
mitter height is investigated in [26] . Consequently to have a 
new generation of wireless communication beyond our 
today’s smart phones, all the above mentioned challenges 
must be taken into account while proposing the new architec-
ture for 5G.

 Considering the fast growth of demand for mobile 
broadband subscriptions of 7.6 billion subscribers by end of 
the year 2019 [9], the spectrum allocation and management 
became the center of attention for researchers around the 
world. When we first hear about the spectrum, we most 
probably look for the licensed ones but if we think more 
realistic, will find out that there is no need to limit ourselves 
to the licensed spectrum while there are unlicensed spectrum 
already existed. The unlicensed spectrum is usually used for 
Wi-Fi and local area networks.in this case we use the licensed 
spectrum to control the operations of unlicensed ones.

 Increasing the bandwidth is in a center of attention in 
the future emerged technology as it is supposed to provide the 
1000 times higher data rate than today’s one. Hence the 
easiest way to achieve this goal is to move the operating 
spectrum to the mm-wave spectrum with the wavelength of 
10 millimeters and frequency of 30 GHz and above. The 
millimeter wave bands also promise the use of high number 
of unlicensed spectrum around 28 GHz and 38 GHz. The 
other reason to consider this frequency band for the proposed 
5G is its negligible and resistance to the rain attenuation [17, 
21] which is an essential issue in the tropical countries like 
Malaysia. 

 Based on studies in [7, 10] the 28GHz, 38 GHz, 60GHz, 
70GHz and 90 GHz can potentially be proper candidates for 
next wireless generation. Among these bands, the 28 GHz, 
71-76 GHz, and 81-86 GHz bands are excellent candidates 
for 5G deployment as they operate under Federal Communi-
cation and Commission (FCC) Part 101 rules and are allocat-
ed for fixed microwave services, Fixed Satellite services 
(FSS) and point to point microwave operations. In addition, 

IV. SPECTRUM ALLOCATION AND CHALLENGES
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considering the small cells of about 200 meters radii, the rain 
attenuation is negligible in these frequency bands. The reduc-
tion in cell size will cause the spatial load reduction and 
spectral aggregation at the same time. This it-self will 
increase the spectral efficiency by coexisting the heterogene-
ous networks (Het Net) [9]. Due to the reduction of cell size, 
the electromagnetic spectrum scarcity would be increased 
hence the mitigation techniques such as Dynamic Spectrum 
Access (DSA) would be required to overcome this problem. 
Accordingly, the cognitive radio would be more engaged to 
enable the DSA.  

 The other point to consider about the mentioned bands 
is their potential to use the mobile allocation in ITU-R Radio 
Regulations. 5G standardization status will be shaped based 
on the released results of several projects that have been 
conducted all over the world. Up to date, the European Union 
has already released their regulations and requirements based 
on their successful METIS project while, International 
Telecommunications Union (ITU) working group is focused 
on the obtained results from different industries and referred 
5th Generation of wireless  to “IMT-2020”. However, the 
European Telecommunications Standard Institute (ETSI) 
concluded that the evolution of LTE may not be sufficient for 
the 5G necessities.

 Hyper dense small cells will bring our dreams of having 
smart life, 1000 times closer to the reality. The feasibility of 
different spectrum including millimeter wave band has to be 
proposed by national regulators for mobile applications and 
the final decision would be made by ITU world radio commu-
nication (WRC), hence, all market-based regulations, 
network planning, resource allocations, licensed and 
unlicensed spectrum regulations and the economic situations 
must be taken into account in order to establish the proper 
regulations for the next generation of wireless communica-
tions. The exciting time in wireless industry is began thinking 
of millimeter wave utilization rather than a fantasy. Hopeful-
ly, the millimeter wave bands provide the results as what have 
been indicated in the outage studies in all over the world. As 
higher frequencies are used for the 5G systems, some 
techniques such as the massive MIMO can be used in order to 
provide range extension from the base station antenna to 
mobile terminals antennas in addition to the capability of 
increasing the data rate. Finally, the main aspects of the future 
cellular communication are based on the higher data rate and 
the more energy efficiency.

V. CONCLUSION 
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