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 This article presents a comprehensive review on the feasibility and challenges of 
millimeter wave in emerging fifth generation (5G) mobile communication. 5G, a multi-
gigabit wireless network is the next generation wireless communication network. The 
mmWave cellular system which operates in the 30-300 GHz band has been proposed for 
use as the propagation channel. Its large bandwidth potential makes it a candidate for the 
next-generation wireless communication system which is believed to support data rates of 
multiple Gb/s. High frequency bands such as mmWave have channel impairments. These 
impairments are challenges that are necessary to be properly understood.  Employing 
mmWave as a propagation channel requires dealing with these challenges which this paper 
is aimed at reviewing. One aim of the work is to discuss these challenges in a more 
elaborate manner using simple mathematical equations and graphics to ensure clarity. To 
achieve this, current related works were studied. Challenges and solutions are identified 
and discussed. Suggested research directions for future work are also presented. One is 
developing suitable electronic such as fast analog-to-digital (ADC) and digital-to-analog 
(DAC) systems necessary for the transmitter/receiver (TX/RX) system. 
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1. Introduction   
       The demand for high-speed reliable communications has 
always been on the increase. This demand has been a challenge to 
existing third generation (3G) wireless network as well as the 
fourth generation long term evolution – advance (4G LTE-A) 
which is the most current network. These ever increasing traffic 
demand, combined with significantly improved user experience 
have resulted to the drive towards the next generation 5G mobile 
communication networks due to its large capacity. It  has been 
widely accepted that the capacity of the 5G wireless 
communication system will be able to handle 1000 times the 
capacity of the 4G (LTE-A) wireless communication [1]. The 5G 
network will therefore serve as a key enabler in meeting the 
continuously and ever increasing demands for future wireless 
applications.   
       It has also been the consensus that future 5G network should 
realize the goals of thousand-fold system capacity, hundredfold 
energy efficiency, ultra-high data rate, ultra wide radio coverage 
and an ultra-low latency [2], [3].  It is commonly assumed today 
that around the year 2020, a new 5G mobile network will be 
deployed [4]. The ability to have massive number of devices 
processed will be compulsory as there will be billions of 
connected devices in the 5G wireless communication network by 
2020 [5]. This is because there will be an increase in the 

popularity of various intelligent or smart devices resulting to huge 
traffic demand.   
       The implementation of 5G has come with some concerns 
which have generated some interests. The provision of secure 
network infrastructure is one of such many areas of interest. In [6] 
methods of providing substantial security requirements were 
investigated. Spectral efficiency and energy efficiency 
requirements were investigated in [1]. Elsewhere in [7], the 
adoption of software defined network (SDN) in 5G as a platform 
to achieve efficient end-to-end (E2E) latency, authentication, 
hand over and privacy protection was studied. Interference 
challenges and mitigation techniques were extensively discussed 
in [8], [9]. 
       System architecture is also an area of great interest. This is 
because a robust system architecture to enable Gbps user 
experience, seamless coverage, and green communications is a 
must for an aggressive 5G version [10]. This will be possible 
based on advanced technologies which are necessary for the 
above requirements to be practicable. These technologies will 
form the key elements of 5G wireless systems.  
       Some  of these technologies have also gathered great interest 
and are seen as promising candidates for 5G wireless 
communication systems [11], [12]. One of such is the HetNet 
(heterogeneous network) technology. Described in [3], the HetNet 
creates a multi-tier topology where multiple nodes are deployed 
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with dissimilar characteristics such as transmit power, coverage 
areas, and radio access technologies.  
       Other technologies discussed in several literature include 
millimeter wave (mmWave) techniques, denser small cells (DSC), 
software defined air interface (SDAI), and high-efficiency 
multiple antenna techniques known as massive multiple input 
multiple output (mMIMO) [13]-[15].The area that have appealed 
to many researchers is the mmWave and its application in the next 
generation mobile network.  
       Available sources in public domain have records of the 
application of mmWave technique in some specialized areas.  Its 
use in Radio-over Fiber (ROF) technology was discussed in [16]. 
The discussion centered on the main mmWave signal generation 
technique for ROF technology. In [17], mmWave was presented 
as a technology that has to be supported by signal processing in 
mmWave wireless systems and some challenges that may be 
faced in doing so. The paper laid emphasis on using MIMO at 
higher carrier frequencies.  
       Another area of interest is its application in 5G mobile 
communication. The common view here is its ability to support 
larger bandwidth compared to microwave frequencies. This 
attractive feature of mmWave was discussed in [18] as well as the 
advantages and disadvantages of its application in 5G networks. 
In another study, extensive propagation measurements were 
carried out at 28GHz and 38 GHz to determine the path loss, delay 
spread and penetration characteristics [19]. The measurements 
made were to obtain results that could be useful in the design of 
future 5G mmWave communication systems. Here, like in other 
related work, mmWave applications were documented but the 
likely challenges especially its propagation characteristics were 
not well discussed.   
       Since mmWave has been proposed to drive the 5G mobile 
network, it is necessary to have sufficient knowledge of these 
challenges that must be addressed. This is because understanding 
the radio channel is a fundamental requirement to developing 
future mmWave mobile communication systems [19]. This paper 
is out to address the above by focusing on some of the several 
major challenges and possible solutions of mmWave as a 
proposed propagation medium for future 5G networks.   
     The novelty of this work is that, challenges of mmWave as a 
transmission medium were identified from several sources and 
discussed in a more simplified and elaborate manner. 
Mathematical expressions obtained from these sources were used 
to carry out computations which were not so in the original 
literature. The purpose for the computations is to help in proper 
understanding of the subject. To carry out this work, current 
related scholarly works were consulted. 
     The contributions of this paper are listed as follows:  

• We identified and discussed in a simplified and elaborate 
manner the challenges and possible solutions for the 
implementation of mmWave for 5G mobile 
communication. 

• Unlike other literature where similar issues were either 
mentioned or listed, this work presents itself as a one 
source where much information on the subject matter 
could be obtained. 

• We suggested possible directions for future work based 
on the reviewed articles.    

     The rest of the paper is organized as follows: section II covers 
a discussion on mmWave, a brief comparison with microwave 
frequency and propagation problems. In section III, the solutions 
and suggestions for further investigations are presented. Section 
IV is the conclusion.  
 
2. Millimeter Wave 
        Generally the radio spectrum for the millimeter wave 
(mmWave) is between 30 GHz to 300 GHz. This band of 
frequencies utilizes wavelengths between 1 and 10mm. In practice 
however the frequencies suitable for wireless communication are 
between 71-76 GHz and 81-86 GHz bands which are referred to 
as E-band or the 70GHz and 80GHz bands [20]. The 5 GHz 
spectrum available in each of these bands makes mmWave a 
propagation medium with ultimate bandwidth that can be 
compared only to fiber optic (FO). Aggressive deployment of FO 
by operators may be restricted due to geographical constraints and 
economic reasons. Millimeter wave technology presents itself as 
the next attractive alternative capable to overcome such 
constraints. 
       Its suitability for wireless backhaul, immunity to interference, 
high capacity and inexpensive nature are discussed in [2].  
Millimeter wave frequencies present signals with small 
wavelengths. This characteristic makes it potentially suitable for 
the deployment of large number of antennas for signal directivity 
and link reliability improvement by compensating severe path 
loss to achieve larger coverage [21]. It has a potential Gigahertz 
transmission bandwidth incomparable to other microwave band 
used in conventional cellular networks [22].  
 

Table 1: Comparison of millimeter wave and microwave frequencies 

Parameter Millimeter wave 
Frequency 

Microwave Frequency 

Frequency 
band 

30GHz-300GHz 300MHz-30GHzWave 

Wavelength 10mm-1mm 1m-0.01m 
Bandwidth Ultrahigh  high 
Antenna 
size/weight 

Smaller due to very 
short wavelength 

Large especially at the 
lower part of the band 

Coverage  Suitable for short 
distance  

Long distance 
application especially 
at 4-13 GHz band 
(Long haul) 

Frequency 
reuse option  

Suitable for 
Frequency reuse  

Frequency reuse will 
likely cause 
interference 

System Gain  Very high gain 
(Gain is 
proportional to 
frequency) 

High gain 

Attenuation  High during heavy 
rainfall 

Good resistance to rain 
at lower frequencies 

Peak rate 10-100 Gbps 1-5 Gbps 
Application  Radar, mmWave 

imaging, medicine, 
mmWave scanner 

Radio and television 
broadcasting, cellular 
telephony, satellite and 
terrestrial  
communication, radar, 
navigation   
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Although microwave which covers the band of frequency from 
300MHz-300GHz has been widely used in wireless 
communication, the mmWave due to its higher frequency range 
has a greater prospect in terms of capacity delivery. Table 1 shows 
a brief comparison between mmWave and microwave frequencies. 
It is seen that based on their respective frequencies, mmWave has 
an advantage over microwave in bandwidth and antenna size. This 
two features have been accepted as very useful in the realization 
of 5G networks [13], [18]. 
 
2.1. Weather and Environmental Effects 

(I)    Propagation Losses 

        Other wireless technologies use microwave frequencies 
which have lower carrier frequencies compared to mmWave 
communication (Table 1). It is known that the higher the signal 
frequency the more likely it becomes susceptible to adverse 
atmospheric conditions. Therefore, in the GHz band of 
frequencies the atmosphere is seen as a propagation medium 
characterized with the presence of atmospheric constituents such 
as molecules, water vapor and suspended water droplets. 
Millimeter wave signals are absorbed by these atmospheric 
constituents. Also signals at GHz band suffer from rain 
attenuation. This is illustrated in Figures 1 and 2.  
       Figure 1 [23], shows the degree of attenuation suffered by 
frequencies between 1 to 1000 GHz band. At 75GHz in the E-
band, it is observed that a mere rain drizzle results to 0.4dB loss 
and increases to about 30dB for a typical tropical rainfall. It is also 
shown that signal attenuation increases with rain intensity as 
depicted in Figure 2 [24]. At 200 mm/h of rain, 3GHz suffered 
0.1dB loss as against 92dB loss for 30GHz.  Details of mmWave 
signal attenuation are documented in [25] where experimental 
data obtained from both the rain intensity and rain attenuation 
measurements were statistically processed. Apart from rain 
attenuation, atmospheric absorption is also a major impediment to 
mmWave communications [26].                       

 
Figure 1. Effect of rain attenuation on mmWave frequencies [23] 

 

 
Figure 2. Rain attenuation vs frequency [24] 

The rain attenuation and atmospheric absorption characteristics of 
mmWave propagation limit the range of mmWave 
communications [23], [27]. 
       The propagation characteristics of mmWave communications 
in different bands are summarized in [23]. They showed the level 
of loss due to both rain attenuation and oxygen absorption under 
line-of-sight (LOS) and non-line-of-sight (NLOS) channels. 
Table 2 presents a summary of signal loss due to oxygen 
absorption at 200m range. It is observed that the propagation 
losses at 28GHz and 38GHz are not as significant as those of 
60GHz and 73GHz. 

Table 2: Absorption loss in mmWave frequencies [23] 

Frequency Band 
(GHz) 

Range (m) Oxygen Absorption 
(dB) 

28 GHz 200 0.04 dB 
38 GHz 200 0.03 dB 
60 GHz   200 3.2 dB 
73 GHz 200 0.09 Db 

 
(II)  Free Space Loss 
       Due to its nature, mmWave frequencies experience greater 
free space loss than lower frequencies.  In [28], the Free Space 
Loss (FSL) is shown to be inversely proportional to the square of 
the operating wavelength, ie 
                                  𝐹𝐹𝐹𝐹𝐹𝐹 = 

4𝜋𝜋𝜋𝜋
𝜆𝜆2

                                              (1) 

Here, 𝑅𝑅 in Km, is the link distance between transmit and receive 
antennas and λ the wavelength of the operating frequency. In 
decibel form and after converting to units of frequency, the 
equation can be expressed as [28] 
                 𝐹𝐹𝐹𝐹𝐹𝐹 (𝑑𝑑𝑑𝑑) = 92.4 + 20 𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓 + 20 𝑙𝑙𝑙𝑙𝑙𝑙 𝑅𝑅                (2)  
Where 𝑓𝑓 is the frequency in GHz. 
        Computed FSL in the E-band using (2) is tabulated in Table 
3. The Table indicates a proportional increase in FSL with both 
frequency and distance. In particular, it indicates that for a given 
frequency the FSL increases with distance. Thus, the more the 
distance or range the higher the signal attenuation. 
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Table 3. Free space loss at mmWave frequencies 

E-
Band 
(GHz) 

                         FSL (dB) 
R=1m R=2Km R=3Km R=4Km R=5Km 

71 129.4 135.4 139 141.5 143.4 
72 129.5 135.6 139.1 141.6 143.5 
73 129.7 135.7 139.2 141.7 143.6 
74 129.8 135.8 139.3 141.8 143.8 
75 129.9 135.9 139.4 141.9 143.9 
76 130.0 136.0 139.6 142.0 144.0 

 
(III)  Foliage Loss 

         Foliage loss takes into account the effect of vegetation 
within the propagation environment such as tree size and nature 
or roughness of plant leaves. As the leaves become comparable in 
size relative to the wavelength, there is decrease in signal 
penetration through the leaves, while scattering off the leaves 
increases. [29]. 
       Work in [28], showed an empirical relationship that can be 
used to predict or determine foliage losses. This was developed 
by CCIR Rpt 236-2 which reported that for a depth of less than 
400m, the loss is given by 

                        𝐹𝐹 = 0.2𝑓𝑓0.3𝑅𝑅0.6 𝑑𝑑𝑑𝑑                                  (3) 
Here, f is the frequency in MHz and covers the range 200-
95,000MHz (0.2-95GHz).  R is the foliage depth in meters (R< 
400 m). 
      Using (3), the foliage loss for the E-band was computed and 
tabulated in Table 4. For a range of 300m the loss at 70GHz is 
174dB which increased to 177dB at 75GHz.  Similar computation 
in [28] indicated that at 40 GHz, a penetration of 10m taken to be 
equivalent of a large tree or two in tandem, the foliage loss is 
about 19 dB.  These values show that foliage loss in mmWave is 
significant enough and like other forms of losses should not be 
neglected in overall network design. 
                  Table 4: Foliage loss at mmWave frequencies 

E-Band 
(GHz) 

                         F (dB) 
R=100m R=200m R=300m 

70 90.06 136.51 174.11 
71 90.45 137.10 174.86 
72 90.83 137.67 175.59 
73 91.20 138.24 176.32 
74 91.58 138.81 177.04 
75 91.95 139.37 177.78 

 
(IV)  Blockage Loss 

         Blockage in communication is caused by obstructions in the 
path of propagation which are man-made or natural physical 
structures. Such obstructions introduce losses which cannot be 
neglected. With a small wavelength, links in the 60 GHz band are 
sensitive to blockage by obstacles (e.g., humans and furniture) 
[23]. For example, blockage by a human penalizes the link budget 
by 20-30 dB [23][30]. This was also confirmed in [31] where it 
was shown that mmWave systems suffer from significant loss in 
performance due to blockages caused by humans or other 
obstacles along its propagation path. 
 

(V)  Penetration Loss 

        This loss arises as transmitted frequencies attempt to 
propagate through objects along its path. At mmWave frequencies 
the losses are more significant compared to UHF/microwave 
bands. Current works contained in most literature on this subject 
covers outdoor-to-outdoor and outdoor-to-indoor penetration loss 
measurements. More importantly is the outdoor-to-indoor 
measurements. A 28GHz outdoor-to-indoor measurements made 
and recorded in [32][33] were done using a rotating horn antenna 
channel sounder which can provide an accurate absolute delay 
information. The result indicated clusters, larger excess delays 
and larger angular spreads indoor.  
       Another work on 28GHz is described in [34] while [35] 
investigated the penetration loss for the band of 0.8GHz to 28GHz. 
Measurements described in [34][36][37] and[38] for both outdoor 
and indoor environments are summarized in Table 5. 

Table 5: Summary of mmWave penetration losses 

Ref Frequenc
y (GHz) 

Material 
Type/Environment  

Loss 
(dB) 

[29] 28 Outdoor-indoor 3-60 
[31] 38 Tinted glass 

Glass door 
25.0 
37.0 

[32] 
[33] 

28 Tinted 
glass(Outdoor) 
Brick 
pillar(Outdoor) 
Clear glass (Indoor) 
Dry wall (Indoor) 

40.1 
28.3 
3.6 
6.8 

 
       The Table shows penetration losses for common materials 
found in buildings. By observation, outdoor materials recorded 
higher penetration losses than indoor materials.        

2.2.  Hardware Implementation Challenges 

      Apart from atmospheric losses there are other challenges 
resulting from the type of hardware that can suitably and 
efficiently function at the mmWave frequencies. With high carrier 
frequency and wide bandwidth, there are several technical 
challenges in the design of circuit components and antennas for 
mmWave communications [23], [39].  Highlighted in [2], are the 
cost of electronic components and the complexity of transceiver 
including high-speed analog-digital converters (ADCs), digital 
analog converters (DACs), synthesizers, mixers, etc., which are 
much larger than that in conventional microwave communications.  
       In [37], the nonlinear distortion of power amplifiers (PA) 
especially at 60GHz was discussed as an impediment to the 
implementation of mmWave.  Also in [40], [41], phase noise and 
IQ imbalance are seen too as challenging problems faced by radio 
frequency integrated circuits (RFIC).  

3. Solutions and Suggested Areas for Further Investigations. 

3.1. Solutions   

       The shortcomings of millimeter wave in terms of propagation 
and system hardware implementation have been discussed. 
Despite these challenges, its large bandwidth makes the usage of 
mmWave communications in the 5G cellular access still attractive 
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[42]. Some remedial steps are necessary for the practical 
realization of mmWave systems. 
 
(I)   Short Distance Communication (SDC) 

       In mmWave, path loss increases with distance as earlier 
shown. Its limited range makes it suitable for short distance 
applications. This gives room for the shrinking of cells which is 
an effective way to increase area spectral efficiency [43], [44]. 
Small cells are base stations (BS) that cover a small geographical 
area and are meant for low power, short range wireless 
communication. Cell size shrinking reduces the number of users 
per cell, thus more spectrum is made available to each user. The 
small cell sizes and short distances will improve frequency reuse 
[2]. Frequency reuse is a cellular concept which allows the use of 
same radio frequencies on BS within a geographical area. These 
BS are separated by sufficient distances to avoid or minimize 
signal interference with each cell. 
 
(II)  Reduced Inter cell Interference        

       Attenuation due to rain, foliage and atmospheric absorption 
has been discussed as major impediments or challenges to 
mmWave application.   Deployment of small cells known as ultra 
dense cell (UDC) can help overcome such problems. This is 
because atmospheric absorption will efficiently increase the 
isolation of each cell by further attenuating or reducing the 
background interference from other distant base stations [23], [26], 
[45]. Densification of small cells has been proposed in [46], [47] 
as a technique to achieve increase in network capacity in the 
future and in [23], as the promising solution for the capacity 
enhancement in the 5G cellular networks. 
 
(III) Hardware solution 

        Work in overcoming the technical challenges associated with 
electronic components of mmWave is ongoing and have been 
discussed in several research reports. Progress work on 
radiofrequency (RF) power amplifiers (PAs), low-noise 
amplifiers (LNAs), voltage-controlled oscillators (VCOs), etc., 
are documented in [39].  Radio frequency integrated circuits and 
other low-cost electronic components are believed to bring about 
the evolution of massively broadband 5G millimeter wave 
communications [39], [44]. Recorded in [48] are efforts made in 
providing a practical phased array antenna solution. 

3.2. Suggested Areas for Further Investigation 

       Challenges of mmWave have been highlighted. Propagation 
loss is a major impediment in its practical implementation. A 
solution to this is to improve in antenna technology. This will 
result in the use of greater gain antennas.  Beam steerable antenna 
technologies have the capability for such gains. The workings of 
such antennas are fully described in [49], [50]. These are antennas 
that have the ability to compensate the path loss caused by 
blockage from dynamic obstacles. 
       Since mmWave is associated with small wavelength and the 
size of an antenna greatly relates to the operating wavelength, 
large number of antennas or MIMO technology can also be made 
use of in mmWave communications. An example is the Massive 
MIMO (mMIMO) antennas widely discussed in [51]-[53]. This is 

also known as large-scale antenna systems (LSAS) [51], hyper-
MIMO (HMIMO), or full-dimension MIMO systems [54].  
       This technology which allows the BS to be equipped with up 
to a hundred or more antennas is meant to leverage on the benefits 
of the traditional MIMO antenna system known for its ability to 
significantly improve the capacity and reliability of wireless 
systems [51] [55].  The challenges defined for mmWave can be 
tackled with the implementation of massive MIMO which 
theoretically promises increase in spectral and energy efficiencies 
[56]. It is believed that the antenna gain will be high enough to 
overcome high propagation loss in mmWave bands, 
       However, further development is required to make this 
concept practically functional. This is because a large antenna 
structure such as massive MIMO will have individual array 
elements each with active transceiver modules.  
 
                                                                                       Tx1 
 
     Sn 
 
                                                                                      Txn 
 
 
 
 
 
 
 

Figure 3.Transmit antennas with dedicated RF chains 

That is each transmitter (TX) and receiver (RX) will have a 
dedicated RF chain (RFC) as shown in Figure 3. For massive 
MIMO with a hundred or more antennas it will result to high 
system cost as well as increase in system complexity.         
       Therefore, further work in developing low cost, low profile 
and appropriate electronic components is necessary. Examples of 
such electronic components are high-speed analog-to-digital and 
digital-to-analog converters (ADC/DAC), RF amplifiers, TX/RX 
switches, filters, etc. for each individual antenna element [57]. 
The direction here should be in hardware unit design that will 
reduce overall system complexity and cost.        
       Methods of solving large outdoor-to-indoor penetration loss 
caused by certain building materials (Table 5) is also another 
direction for further work. 

4. Conclusion         

       Millimeter wave band of frequencies with ultimate 
bandwidth has been discussed as a potential candidate for 5G 
mobile communication. Key challenges in propagating at this 
frequency band as well as some hardware issues have also been 
discussed. The implementation of mmWave in the emerging 5G 
wireless communication will have to address these shortcomings. 
To this end some solutions have been suggested. Based on the 
study and since the mmWave 5G wireless communication is an 
emerging network still at its early stage of implementation, some 
selected areas for further work have also been suggested. 
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