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Abstract: These new technical standards will lead to fundamental changes in the design of the fifth generation of mobile networks (5G) in the future. 
This article analyzes the network technologies from 1G to 4G, after analyzing the limitations of 4G, and is the cause of the emergence of 5G networks. 
Furthermore, we describe some of the core architectures and technologies of the wireless access network that allow mobile users to meet the criteria of 
the 5G network generation as well as propose some new research directions. 
 
Index Terms: New generation network, 5G network architecture.   

——————————      —————————— 

1 INTRODUCTION                                                                     

OBILE communication is a very fast-growing field of 
Information Technology and Communication. Thanks to the 
new core technologies, data transmission in 5G mobile 
networks can reach speeds of hundreds of Gbit/s, higher 
many times than data transfer rates in 4G mobile networks. 
The development of 5G mobile network is expected to meet 
the diverse needs of human communication in the future. In 
particular, 5G mobile networks are considered as an 
intermediate step towards the Internet of everything, 
connecting at least 100 billion devices by 2024. However, 
there are strict requirements for service quality. The high 
speed of data transmission coupled with the low end-to-end 
latency of 5G mobile networks requires many new technical 
and technological standards. 5G mobile network is 
currently being researched and standardized and is expected 
to be widely deployed in 2020s [1]. What technologies will 5G 
be developed based on? Will 5G be just an evolution of 4G, or 
will there be new technologies that require changing the way 
traditional cellular networks think? The fact that 5G is a 
standard of the future does not exist yet, and governments, 
organizations and scientists are working hard to shape a 
standard. Currently, 5G is just a concept, it will take at least 
five years to realize and launch the first 5G network in the 
2020s. To meet that deadline, most of the difficulties are for 5G 
needs to be addressed within the next two to three years by 
telecom network standardization bodies such as 3GPP, ITU, 
and IEEE as well as universities, research institutes and 
related organizations around the world. Currently, Korea, UK 
and US are the leading countries in experimental studies. 
While the trials for 5G are taking place, although not 

standardized, GSMA and some organizations and suppliers 
such as Ericsson, Huawei have agreed to propose the 
standard of 5G network [11] as follows: 

TABLE I 
Main Criteria of 5G Network 

Criteria Target 

Mobile access speed 1 Gbps 

Fixed access speed 1-10 Gbps 

Data transmission delay 1 ms 

Reliability 99.999% 

Energy consumption 
Reduce many times compared to 
4G network 

  
In order to achieve these criteria, many synchronous solutions 
need to be implemented. However, like previous generations 
of networks, improving radio access has always been the most 
difficult issue for mobile users to asymptotic the criteria of 5G 
networks. In this article, we analyze network technologies from 
generation 1G to 4G, point out the limitations and 
shortcomings of 4G network generation and is the root cause 
for the formation of the 5th generation network, 5G. On that 
basis, we go into analyzing the challenges and technologies of 
the wireless access network with the core potential towards 
the 5th generation of networks. 

 

2 NETWORK GENERATIONS FROM 1G TO 4G 
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The development of mobile radio communication systems 
started in the early 1980s. During its development, mobile 
radio communication systems always tend to connect all 
systems; date terminals more and more compact, intelligent 
and energy-saving; supports all types of data such as voice, 
video, online applications; works in real-time; The user's data 
transfer and mobile speeds get higher and higher at lower and 
lower costs. Currently, the network generations from 1G to 3G 
are detailed in the documents [3-5]. Here we go into a detailed 
survey of the 4G generation: The 4G Mobile Radio Network is 
the generation after 3G and before 5G. A 4G system [6], in 
addition to the services provided by 3G, also provides 
additional services as broadband mobile Internet access, IP 
phone (VoIP), video conferencing, online games, High-
definition Internet TV, 3D TV and cloud computing. The two 
technologies selected to standardize the 4G generation are 
Wimax and LTE [7]. In particular, WiMAX has been tested in 
Korea since 2007 and LTE has been deployed in Norway and 
Sweden since 2009. Currently, the ITU organization 
(International Telecommunications) has gathered the 
requirements and criteria to standardized 4G generation 
network to IMT-A standard [8], with some main features as 
follows: 

- Works entirely on IP protocol, using only packet 
switching technology. 

- Data transfer rate up to 100 Mbps for high-speed 
mobile users such as going by car; 1 Gbps for fixed or 
low-speed access such as walking. 

- The bandwidth per channel is between 5-20 MHz, up to 
40 MHz. 

- Spectral link efficiency: 15-bit/s/Hz in the downlink, and 
6.75-b/s/Hz in the uplink. 

- Ability to handover between heterogeneous networks 
with low latency. 

- Ability to ensure the quality of services in multimedia 
applications. 

One difference with previous generations is that 4G no longer 
supports traditional switching, but relies entirely on IP protocol 
with packet switching mechanism. To speed up data 
transmission, all spectrum modulation technologies of 
previous network generations are eliminated and replaced by 
OFDMA technology, combined with MIMO multi-point 
transceiver mechanism and smart antenna. [7]. As a result, 
the bit rate in 4G is significantly higher than in 3G. LTE-A was 
proposed and standardized into the 4th generation network by 
3GPP since 2009 with the goal of reaching and exceeding 
requirements proposed by ITU. In fact, LTE-A is an improved 
version of LTE. Therefore, service providers can gradually 
improve their network infrastructure from UMTS to LTE to LTE-
A without having to change the entire existing network 
infrastructure. At the present time, LTE-A version 12 is 
supporting 1 Gbps downlink and 500 Mbps uplink and is 
asymptotic to the requirements recommended by ITU. IEEE 
802.16m is an improved version of the 802.16e standard with 
the aim of allowing Wimax to meet the standards proposed by 
ITM-A. Since 2007, Wimax was first tested in Korea as WiBro. 
Currently, Russia and some Eastern European countries are 
also deploying Wimax. Up to now, with improved versions, 
Wimax's data transfer rate is still quite low compared to LTE-A 
(upload speed reaches 750 Mbit / s and download speed 
reaches 386 Mbit / s) also as yet not meeting the standards 
proposed by the ITU.  With many advantages mentioned 
above, 4G has become a pioneering technology. Currently, 4G 
has been commercialized in many countries. In Vietnam, 4G 
was deployed from 2016. But right now, both academia and 
industry have recognized the limitations of this network 
generation. Limitations of 4G network generation. 

 

Figure 1. Evolution of mobile radio communication generations from 1G to 5G. 
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The history of mobile communications shows that every ten 
years, a new generation of mobile radio is born. The first 
generation of mobile networks appeared in the early 1980s, 
then, in the 1990s, the second generation appeared. The third 
generation appeared at the turn of the 20th century, and LTE 
was introduced in the early 2010s. Each generation is born to 
fix the shortcomings of the previous generation or do things 
that the previous generation could not do. GSM with 
information security weaknesses of analogue signals. 
Generations of 2G, 3G with limitations in speed, application, 
high cost and not really smart have not achieved much 
success. 4G is needed to reduce energy consumption and 
improve faster access speeds. But that is not enough. 
According to [10], the number of mobile users will increase to 
over 20 billion by 2020. This is beyond the capacity to provide 
4G. Transmission delay of the 4G network is too large, 
approximately 10ms. This is hampering the development of 
real-time mobile applications. The access speed of the 4G 
network is quite low. If we look back time to the early 2000s, 
when 3G was still a viable idea, as now we look in with 5G. 
With a 3Mbit / s download speed being something of a utopia. 
After more than 10 years, in 2010 that speed is too slow for 
real-time applications. Likewise, 4G speeds will remain slow 
after 2020. Therefore, we will need technology that is 10 to 
100 times faster than the current 4G generation. With the 
number of devices increasing hundreds of times compared to 
today, 4G will consume a huge amount of energy. According to 
the general trend, when energy sources are increasingly 
exhausted, this is not possible. Hence, we need a technology 

that has access speeds hundreds of times faster but requires 
90% less energy consumption compared to 4G. 
 

3 SOME CORE TECHNOLOGIES IN 5G 
According to Shanon Law, the limited capacity of the 
transmission channel is determined as follows:  

𝐶 = 𝐵. 𝑙𝑜𝑔 (1 +
 

 
)   (1) 

Where, C is the capacity of the transmission channel 
(bits/second); B is the bandwidth of the channel (Hz); S is the 
transmitted signal power and N is the interference power, in 
the same unit W. According to Equation (1), the capacity of a 
C channel (which is the maximum data rate that can be 
transmitted) is directly related to the signal bandwidth and 
signal quality. Assume that, under ideal conditions without 
interference, if binary modulation is used, each carrier 
contains one bit, so transmission rate (bits per second) = 
signal bandwidth (Hz). For example, a data rate of 100 Kbit / s 
corresponds to 100 kHz bandwidth. Equation (1) shows the 
relationship between the capacity of the transmission channel; 
channel throughput and signal to noise ratio (S/B). 

TABLE II 

 Comparison of Mobile Internet Access Solutions. 

Common 

Name 
Family Main Use Radio Tech 

Downlink Uplink 
Notes 

(Mbps) 

HSPA + 3GPP 
Mobile 
Internet 

CDMA  21  5,8  

HSPA+ is widely deployed. Version 

11 is expected to have a throughput 

capacity of 672 Mbits 

FDD 42  11,5  

MIMO 84  22  

  672 168 

LTE-A 3GPP Tổng 4G 
OFDMA / 

MIMO 
900 500 

LTE-Advanced update expected 

data rates to 1 Gbs fixed speeds and 

100 Mbs to mobile users. 

Wimax rel 

2 
802.16m 

WirelessM

AN 

MIMO / 

SOFDMA 

2x2 MIMO; 2x20 MHz; 

FDD 

 

Low mobility users can aggregate 

multiple channels to get a downlink 
up to 1 Gbs 

183 188 

4x4 MIMO; 2x20 MHz; 
FDD 

750  386 

Wifi 
802.11 
 (11n) 

Wireless 
LAN 

OFDM /MIM
O 

288,8 (MIMO 4x4; 20 MHz)  
600 (MIMO 4x4; 40 MHz) 

The improvements on Antenna and 
Radio Frequency have helped 

deploy long-range P2P networks, 

and enhancements radial coverage, 
throughput and spectra efficiency. 
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Figure 2. Core technologies towards 5G generation. 

 
In a MIMO system there are n antennas that simultaneously 
receive/transmit; bypassing signal synchronization and signal 
synchronization issues between antennas as well as 
interference. We realize that the data transmission capacity of 
a mobile system can be written as follows:: 

𝐶 = 𝐵. 𝑛. 𝑙𝑜𝑔 (1 +
 

 
)   (2) 

Thus the data transmission capacity of the mobile system is 
the relationship that is formed by three main parameters: 
bandwidth, the number of antennas and signal quality. In our 
opinion, the high speed and very low latency of 5G will cannot 
be achieved only by relying solely on improvements on the 4G 
system platform. We propose some of the core technologies 
that can lead to both architectural and component changes as 
shown in Figure 2. 
 
3.1 mmWave  
For historical reasons, the radio frequencies used for cellular 
networks vary from country to country. Every generation of 

mobile radio is involved in harnessing new spectrums with 
new spread spectrum techniques, and in our opinion, 5G is no 
exception. According to [3], 1G generation uses frequency-
division multi-access spread spectrum technique, where each 
30 kHz bandwidth is within the licensed frequency range 824-
849 MHz. Thus, there are 832 subbands in total, each base 
station using a different subset of these subbands to avoid 
interference with other cells, which significantly reduces the 
number of bands available to serv connection to mobile 
devices. Each subband only supports one user at a time, so 
the number of mobile devices that can be served is limited. 2G 
generation is divided into TDMA (GSM) and CDMA (IS-95) 
based on the multiplexing technique it uses. Mobile devices 
typically support three to four bands (900/1.800/1.900 MHz or 
850/1.800/1.900 MHz) or quad-band (850/900/1.800/1.900 
MHz). With TDMA or CDMA multiplexing technology in 2G, 
each sub-channel 200 MHz wide can serve up to 200 
concurrent users. 3G generation is an improvement of 2G with 
increasing channel width many times. In the CDMA2000 
technology developed from CDMA in 2G, is a multi-carrier 
technology, using a pair of spectrum 1.25 MHz, while UMTS 
technology -FDD uses 5 MHz spectrum. 4G is the inheritance 
and development of 3G with increasing data transmission rate 
by many methods, including using MIMO multi-point 
transceiver technique and OFDM spectrum modulation 
method. However, basically, 4G still uses the bands from 3G. 
The microwave frequency spectrum, which ranges in value 
around 600 - 1800 MHz, is currently divided among network 
operators. There are two ways to increase the microwave 
spectrum value: 
- Spectral reuse, this which is common all over the world 

with the reuse of terrestrial TV spectrum for broadband 
access applications in rural areas. Reuse of the spectrum 
will only obtain about 80 MHz free spectrum but incur a 
high cost related with move users of the spectrum. 

- Spectrum sharing, a typical example is the CR (Cognitive 
Radio) smart radio technology. Early hopes for CR 
technology were quickly wiped out because the fact that 
primary users were not fully willing to cooperate with CR 
users is a significant challenge for spectrum efficiency. 
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Figure 3. Microwave and mmWave frequency range. 
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In general, doubling the cell bandwidth is the best case at 
microwave frequencies. Meanwhile, there is a large amount of 
spectrum in the mmWave frequency region between 6 and 
300 GHz that is currently untapped. In fact, the mmWave band 
in the 60GHz region was proposed in the 1980s as 𝑒𝑙𝐷𝑜𝑟𝑎 

[13], but due to the loss of signal energy to distance is over 
large (only transferred in about 200m), so this proposal was 
quickly forgotten. However, 30 years later, another fever of 
mmWave waves was born. Some recent studies have shown 
positive results and demonstrated that some mmWave bands 
do not have the same distance-loss characteristics as the 60 
GHz band, such as the bands 28, 38. or even 70 GHz [16, 17]. 
In 2015, Nokia announced a successful test of transmitting 
data at 115 Gbps in the 70 GHz mmWave band at a distance 
of 15 meters, while also, Samsung has announced data 
transfer experiment up to 1Gbps at a distance of 2 km using 
28 GHz band combined with 64x64 antenna array. The data 
rate comparison between technologies shows that mmWave 
provides data rates higher six times than two different 
microwave frequency systems on the same 4x4 MIMO 
technology, as shown in Table 3. mmWave promises to 
provide a large frequency band that is many times the current 
microwave band used, up to several tens of GHz. What needs 
to be done right now is to implement spectrum policies to keep 
the available bands that support 5G. However, one challenge 
and also the main difference of mmWave compared to 
microwave frequency is the problem that signal energy is 
declined very quickly in the transmission medium. Tests with 
the 28 GHz frequency band in [14], have shown that, under 
low rainfall medium conditions, only about 25 mm/hour, the 
signal energy is rapidly declined and is only 1.4 dB at 
approximate 200m away. However, many recent studies [16, 
17], have shown that, with small cells (less than 1 km in 
diameter) combined with beamforming transmission 
technology, the effect of weather on the wave zone having the 
frequency range 28-38 GHz is negligible. While the microwave 
spectrum range has become scarce [12], the mmWave 
frequency range has not been fully exploited. A "mmWave 
fever" is being formed by researchers and although there are 
no adequate studies yet, with some positive initial results, we 
think mmWave technology will be one of the core technologies 
and will make fundamental changes in setting data 
transmission standards in 5G. 

3.2. Multiple Input Multiple Output Technology 
MIMO (Multiple Input Multiple Output) technologies is not a 
new proposition and have been deployed in 4G with the use of 
2x2 and 4x4 antenna arrays to improve and speed up data 
transmission [18, 19. ]. But with criteria such as speed and the 
user numbers of 5G is hundreds of times larger than 4G, that it 
is not enough. Some recent studies suggest a new technology, 
extending from MIMO, also known as Massive MIMO or Large 
MIMO in which the number of antennas at the base station is 
very much larger times the number of devices [15, 17] to 
increase data transmission speed and meet the 1Gbit/s 
minimum speed criterion of 5GA system with the antenna 
numbers more than the terminal numbers will make the 
channels to the different semi-orthogonal devices and simplify 
the division/multiplexing procedure. In addition, the direct 
replacement of the massive base station with resonant 
antenna arrays will be an energy-saving solution for the 
system.  
 
Some of the potentials of Massive MIMO compared to 
MIMO technology in 4G [20]: 

- Increase transmit power more than 10 times while 
reducing radiation energy hundreds of times; 

- Cheaper construction costs with components have very 
low energy consumption level; 

- Reduce the signal delay time many times; 

- Simplify the radio access layer; 

- Reduces the effects of interference on the signal. 
The recent studies have shown the energy efficiency and 

spectral when the use of the combination of Massive MIMO, 
mmWave and small size cell for results that exceed 
expectations as well as exceed the limits of the mmWave 
frequency band (large signal loss due to transmission 
medium). 

TABLE 3 

Comparison of Cellular Throughput Rates between Spectrum  

(Microwave, Bandwidth 30 MHz) and (mmWave, Bandwidth 500 MHz)[14] 

Spectrum - Technology 
Bandwith 

(MHz) 
Users/cell 

ISD 

(m) 

Spectrum efficiency 

(bps/Hz) 

Cell throughput 

(Mbps) 

Micro - SISO 30 1 400 2 56 

Micro - Massive MIMO 30 14 400 3,6 1209,6 

Micro - Massive MIMO 30 14 200 3,6 1209,6 

mmWave - Massive MIMO 500 4 200 4 6224 
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 Fig. 5. The relation between Spectral and Energy Efficiency 

when using Massive MIMO. 
 
In Fig. 5, the simulation results show that the energy efficiency 
when using the Massive MIMO with 100 antenna system 
based on ZF technology for results above 1000 J/bit. And as 
MIMO technology became ubiquitous, beamforming 
transmission is a feasible option. Simply put, instead of 
broadcasting the transfer signal to the entire radio 
environment, the beam will only be transmitted between the 
sender and the receiver. The result is better coverage, energy 
savings, reduced noise, and increased data transfer rates. As 
a core technology with great potential, Massive MIMO has a 
number of research issues. The first is the problem of channel 
prediction. This is a major weakness and is currently limiting 
system resources. As the user moves out of a cell, the 
channel information must be re-handed and reused. However, 

channel reuse is the cause of interference. Second, with a 
very large number of antennas, noise reduction is an issue 

that needs to be focused on research. In addition, there are 
still many areas related to Massive MIMO that need to be 
studied. From the discussion above, we believe that, with 
Massive MIMO technology, mobile networks can take a big 
step towards approaching the criteria of 5G. 
 
3.3 Device-Centric Architectures 
Development history of mobile communication systems 
 shows that cellular structure has a particularly important role. 
An end-user device obtains service by establishing an up / 
down connection, including both control and data traffic, with 
the base stations (the central command post of each cell). 
Over the past few years, terminal-centric architecture instead 
of traditional base stations has been taking shape and 
becoming a core trend. A new concept of cloud wireless 
access networks is emerging [21, 22], in which virtualization 
leads to the separation of the relationship between a network 
node and a hardware device. The hardware resource is then 
likened to a pool, nodes that can be dynamically installed and 
independent with each other with the installed path costs by 
the service provider. With the trend, terminals are getting the 
smarter lead to change radio access networks. In particular, 
both D2D [23] and intelligent caching [24]-[25] technologies 
will lead to the trend: the centre of the network will move from 
the network core to the peripherals. Based on these trends, 
we believe that the cell-centric architecture will evolve into 
terminal-centric architecture: a certain device (human or 
machine) can communicate, exchange information with a 
multi-node set of heterogeneous networks. In this view, the 
concepts of uplink/downlink and control/data channel should 
be reviewed. From the evolutionary history of mobile 
generations pointed out that architectural change is the core 
trend. We believe these trends could lead to a strong change 
of the architecture of 5G. 
 

VI. RESULTS AND DISCUSSION 
According to Equation (2), the serv capacity of a mobile 
system has the relationship between the three main 
parameters is bandwidth, number of antennas and signal 
quality. As analyzed in Part 3, we believe that to achieve the 

criteria of 5G, it is not possible to rely on improvements from 
4G but on core technologies: millimetre waves, Massive MIMO 
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Figure 6. The Terminal-Centric Architecture. 
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and the terminal-centric architecture. While 5G network is still 
being researched, tested and standardized, communication 
research and testing in gigabit environment as well as 
receiving/transmitting problem of massive antenna array need 
to be considered and studied. Apparently, in the mobile 
network environment with the very high operating frequency of 
the mmWave wave; large users number and the gigabit 
transmission speed, the effect of interference is extremely 
large. We can mitigate this problem with newly proposed 
modulation techniques for 5G. In the next study, we will build 
and simulate UFMC, FBMC, GFDM and Tunable OFDM 
modulation techniques currently proposed for 5G. 

 
V. CONCLUSIONS 
In this study, we discussed the technologies from 1G to 4G, 
then we present the main criteria of the 5G network. Although 
5G is the technology of the future, to standardize, we study 
and propose core technologies that can lead to radical 
changes in the design of cellular networks. The paper has 
focused on technologies that can lead to change in both 
architecture and composition: Millimeter waves, Massive 
MIMO, and mobile terminal-centric architecture. We believe 
that the above technologies are likely to be a set of solutions 
that create a development basis for 5G networks. 
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