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Abstract-Across the globe, for the past thirty years, the 

mobile communication systems(MCS) has revolutionized 

the communications and mobility of human beings with 

"flawless telepresence". Looking past, for an unified 

target different evolutionary paths i.e., from 1G to 

existing 3G has been followed to achieve this. But they 

fail in achieving the theoretical performance predictions. 

Also, the requirements of the user in MCS  are growing 

faster. Hence, to tackle the above mentioned challenges, 

to resolve the conflicting design constraints and to 

provide access to wide range of telecommunication 

services the researchers are forced to develop 4G mobile 

technology which is more advanced and efficient 

technology. Emerging 4G network is a IP based network 

which will try to accomplish high levels of user 

experience and multi-service capacity by integrating all 

the existing mobile technologies. 4G network seems to 

have better advantages and wide range of applications 

when compared to other networks due to its remarkable 

characteristics In this paper, overview of the evolution of 

MCS, vision and features of 4G and the challenges in 

establishing 4G network are discussed. 

 

Keywords: Mobile communication system (MCS), 

evolution of MCS, 4G network, vision of 4G. 

 

1.  Introduction 

Creation, revolution and evolution of mobile 

communication system (MCS) was started in the early 

1980s. During the last few decades, MCS has 

experienced 4 to 5 generations starting from first 

generation (1G) to upcoming fourth generation (4G) 

[1].In terms of technology, a phenomenal growth in the 

MCS has been witnessed by the subscribers. The 

importance of efficient network and efficient design has 

been realized by the researchers as there has been a clear 

shift in the technology and in the mobile technology 

subscriptions [2].  

The first generation (1G) technology were the first 

developed system which relied on distributed transceivers 

for communication. This technology has made the large 

scale services possible and were implemented based on 

analog technology to solve the fundamental problems. In 

the second generation (2G), the digital system which has 

replaced the former technology has significantly 

improved the quality of wireless communication. This 

technology was the first to be used in the mobile system. 

The 3G (Third generation) has mainly focused on 

multimedia services and internet data rates which became 

as a set of standards for mobile services. These 

technologies were used in wide area of applications 

including wireless voice telephony, mobile Internet 

access, fixed wireless Internet access, video calls, mobile 

TV and etc [A Survey: On Generation of Wireless 

Telephony Technology] [3] [4]. 

These generations has fail to provide to be included 

which gave rise to demand for a new system called 4G 

which promised to meet the above disadvantages at 

higher capacity and higher rate data services for mobile 

devices. The approaching 4G (fourth generation) MCS 

will solve the existing problems in earlier MCS and will 

provide a wide variety of new services, from high-quality 

voice to high-definition video to high-data-rate wireless 

channels. This generation is used broadly to include 

several types of broadband wireless access 

communication systems. This system will be developed 

to provide a comprehensive IP solution where 

multimedia communication can be approachable to users 

on an anytime, anywhere basis at higher rate when 

compared to previous generations. In general, MAGIC - 

Mobile multimedia, anytime anywhere, Global mobility 

support, integrated wireless solution, and customized 

personal service is the term used to describe 4G 

system[3]  .   

This paper presents an overall vision of the 4G features, 

framework, and integration of mobile communication. 

This paper is organized as follows. 

 

2.  Evolution Of Mcs 
  

The number of mobile user is increasing day by day due 

to the growth in mobile technology and increase in its 

popularity. The mobile communication systems has faced 

many generation starting from 0G to present 4G 

technology and to the technologies like 5G and 7G in 

future. The new generations which appears in every ten 

years starting from 0G in 1970's is due to factors like data 

rate and frequency which leads to development of these 
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generations [5]. The evolution of different generations 

starting from 0G to future 5G is shown in Fig.1 

 

 

Figure 1. Evolution of Different Generations 

 

2.1.  0G - Zero Generation 
  

Before the second world war, availability of channels 

were very few and a mobile operator was used to set up 

the calls. The work phase after second world war i.e., 

from 1946 which is used to design a portable telephone 

system is categorized as zero generation (0G) as they 

were the predecessors of the first generation of cellular 

telephones. Motorola and Bell systems were the first to 

operate mobile telephone system (MTS) or mobile radio 

telephone system. Some of the technologies which were 

used in this generation are listed in [6][7][8]. 0.5G is the 

next generation technologies with some improved feature 

than the basic 0G technologies. The telephone systems 

used in this generation were quite different and they were 

mounted on vehicles like cars, trucks etc. Typically, the 

transmitter-receiver (transceiver) were mounted in the 

vehicle trunk and attached to the "head" (dial, display, 

and handset) which is mounted near the driver seat. 

Loggers, construction foremen, realtors, and celebrities 

were the primary users for basic voice communication 

[6][7][8].  

 

Figure 2:  Mobile Telephone System of  0G 

 

2.2.  1G - First Generation 
  

In 1974 , the mobile communication system has started a 

new generation called as first generation or 1G which got 

completed in 1984. In earlier stages, it was primarily 

developed to communicate with the mobile phones 

through the network of distributed transceivers [9].  

Normally, this generation is referred as the generation of 

wireless telecommunication technology which popularly 

known as Cellphones [7]. 1G mobile wireless 

communication systems is an analog frequency 

modulation system and the technologies which forms the 

base for this generation are NMT (Nordisk Mobile 

Telephony), AMPS(Advance Mobile Phone Service ) and 

CDPD(Cellular Digital Packet Data) [6]. The other 

standards which has been used in different countries 

around the world for this technology is listed in [7][ 

8][10]. 

Some of the most important features of 1G generation 

system is given in Table. 1. The basic look alike structure 

of the mobile phones in 1G generation is shown in Fig.3 

[6][9]. 

 Table 1: Features of 1G System 

Features Corresponding values 

Frequency 824 - 894 MHZ 

Data capacity Up to 2.4 KBPS 

Technology Analog wireless 

Standard AMPS, NMT and CDPD 

Multiplexing FDMA 

Service Only voice calls 
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Main network PSTN 

 

 

Figure 3:  Mobile Telephone System of  1G 

The limitations that exist in the 1G generation which led 

to its downfall are listed here: (a) Low capacity 

unreliable handoff, poor voice links. (b) No security of 

data as it does not allow advance encryption methods as a 

result a user's identification number will be used by 

another user for making calls (c) Unavailability of global 

roaming services (d) Existence of single channel to carry 

the data from source (a caller) to the destination (another 

caller) and as a result two callers cannot able to hear each 

other simultaneously and (e) Conversion of voice signal 

into digital signal does not happen [9] [3] [10]. These 

disadvantages has motivated the scientists and 

researchers to develop new communication generations 

system 2G which is explained in the next section. 

 

2.3.  2G - Second Generation 
  

After 1G, the next stage in the development of mobile 

communication system is 2G which was started at early 

1980’s. 2G uses digital signals when compared to 1G 

which uses analog signals this technology were launched 

on Global system for mobile communication (GSM) 

standard in Finland by Radiolinja in 1991 [12]. The main 

purpose of invention of 2G to the world is for voice 

transmission with digital signals with up to 64 kbps as 

speed and the demand to manage large number of calls 

without any disturbances like interferences and dropped 

calls in the densely populated countries. This generation 

was step ahead when compared to 1G in providing 

services such as short message services (SMS), picture 

message services and Multi Media Message services 

(MMS) [9] [3]. Greater penetration intensity of the 

communication system is possible in this generation. This 

generation is more efficient when compared to previous 

two generations as it provides security for the users (both 

sender and receivers) [7]. Digital access technologies 

used in 2G generations system are time division multiple 

access (TDMA) and code division multiple access 

(CDMA) along with frequency division duplexing (FDD) 

and FDMA techniques. The efficiency of this generation 

is three times the efficiency of previous generation and it 

is due to increase in spectrum capacity[6][ 13].  

 The standards of 2G generations systems are 

GSM, IS (Interim Standard) - 95 aka CDMAone, pacific 

digital cellular (PDC), iDEN and IS-136 aka North 

American digital cellular (NADC). The explanation of 

each standard and the countries which adopt these 

standards are listed in [6] [7][ 14][ 13]. Among all the 

technologies in 2G generation, GSM which originates 

from Europe is the most admired standard as it helps in 

establishing international roaming and due to which this 

technology has been used in 212 different countries 

across the world. In addition, this technology was 

beneficial to both the network operators and the users at 

the same particular time [7]. The GSM architecture is 

shown in Fig. 4 [9]. 

 

 

Figure 4: 2G GSM Architecture 

The mobile phones which use 2G generation system is 

shown in Fig.5. Though the generation proves beneficial 

to the end users and mobile operators, it has its own 

drawbacks like (a) production of weaker digital signal 

with higher frequencies unable to reach the cell tower, (b) 

lower ability to hold complex data like videos and (c) 

requirement of strong digital signals to the equipment 

work  [9][ 15][ 12]. Some more advanced system based 

on GSM technology were developed to overcome the 

difficulties in 2G generation system. 

 

Figure 5: 2G Mobile phone 
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2.4.  5 G - GPRS (General Packet Radio Service) 

The technology which is developed between the 

generation system , 2G (predecessor) and the generation 

system 3G (successor) is 2.5 G and it was introduced in 

1990's. This generation uses GPRS stand where the 

technique of delivering the packed switched data to 

already existing GSM is introduced. In addition, graphics 

data can be send as packets with increasing Internet and 

Internet protocol. The other features which are available 

in this generation are Camera Phones, Web Browsing, E-

Mail Messages, MMS, 64-144 kbps speed, calls, less 

time will be required in downloading a MP3 song. The 

technologies used in 2.5 G generation system are GPRS, 

enhanced data rates for GSM evolution (EDGE) and 

CDMA 2000[6][ 9][ 15]. 

 

2.5.  7 G - Edge 
 

Enhanced version of 2G and 2.5 G generation which 

provides clear and fast transmission of packet and circuit 

switched data without glitches. In general, due its 

flexibility EDGE technology is preferred over GSM . The 

EDGE technology is augmented to black berry, N97 and 

N95 mobile phone users. The comparison of features of 

second generation systems is given in Table 2 [6][ 8]. 

 

Table 2: Features of 2G System 

 

Generati

ons 

2G 2.5 2.75 

Starts 

from 

1990 2000 2003 

Frequenc

y 

850-

1900MHZ(GS

M) 

825-

849MHZ(CD

MA) 

850-

1900MHZ 

850-

1900M

HZ 

Data 

Capacity 

10KBPS 200 KBPS 473 

KBPS 

Standard CDMA,TDM

A 

GSM 

Supported 

TDMA 

GSM 

GSM 

CDMA 

Multiplex

ing 

TDMA 

CDMA 

TDMA 

CDMA 

TDMA 

CDMA 

Switching Circuit Packet Packet Packet 

Service  Voice Data MMS,Inter

net 

 

Main 

Network 

PSTN GSM,TD

MA 

WCDM

A 

Hand off Horizontal   

 

2.6.  3G - Third generation 
  

3G which was introduced in 2000 is used to denote the 

third generation of mobile communication and 

technology is a CDMA based generation and it supersede 

2G, and precede 4G. This generation system eradicates 

problems faced in previous generations in particular the 

low speed and incompatible technologies like TDMA and 

CDMA [6][ 9][ 7]. The standards used in 3G generation 

system is based on International Telecommunication 

Union (ITU) which redefined the definition of mobile 

technology and supports a data transfer rate up to 2 

Mbps, multimedia applications like motion video, 

services like GPS, IPTV, wider bandwidth. These 

features are possible in this generation as it works in the 

range of 2100 Hz, and bandwidth of 15 - 20 MHz. [8]. In 

addition to the features listed above, it provides 

flexibility for routing (repeaters, satellites, LANs and so 

on ) and IPTV (TV through the Internet) support[3][ 16]. 

The basic functionality of ITU is given in [10]. The 

mobile system with 3G technology is shown in Fig. 6. 

The other technologies used in 3G generation system is 

given in [7]. 

 
 

Figure 6: 3G Mobile phone 

 

2.7.  4G - Fourth generation 
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The term Fourth-Generation or 4G which is a new 

version for third and second generation can be used to 

describe the next complete evolution in wireless 

communications. [19]. It is a conceptual framework 

which transmit multimedia data with high speed in 

wireless network. It supports about 100 Mbps and 1Gbps 

in full-mobility and low mobility area coverage [18]. 

Commercially, this generation mobile phones provides a 

data transfer rates of 100Mbit/s to 1Gbit/s and spectral 

bandwidth up to 40MHz which were not available in 

wired networks [17].   The best features of previous 

generation technology are included in this generation 

with some additive features. Therefore, the User 

Equipment (UE) 4G can be defined as “IP + WPAN + 

WLAN + WMAN + WWAN + any other stragglers = 

4G” [16]. This generation promises seamless 

roaming/handover and best connected service by 

combining multiple radio access interfaces into this 

network. With this feature, users will have access to more 

reliable wireless access even when there is a failure or 

loss of any of the networks [3].  

The technologies which this generation comprises are: 

Long Term Evolution (LTE) Standard based on the 

GSM/EDGE and UMTS/HSPA, 3rd Generation 

Partnership Project (3GPP), Multiple In Multiple Output 

(MIMO) smart antenna technology, Orthogonal 

Frequency Digital Multiplexing (OFDM), 802.16e - 

Worldwide Interoperability for Microwave Access 

(WiMAX), 802.20 - Mobile Broadband Wireless Access 

(MBWA)  [25]. The significant features of 4G 

technology and each letter in the term MAGIC is listed in 

[20]. The key features of 4G technology is shown in 

Fig.7 . The other features of this generation are : high 

performance, interoperability & easy roaming, fully 

converged services, low cost, user friendly interfaces, 

enhanced GPS services, scalability and crisis 

management skills [26]. Table[3] list the features of 4G 

technology [6]. 

 

Table 3: Features of 4G System 

 

Feature 4G 

Year of start 2010 

Frequency 2 - 8 GHz 

Data capacity 200 Mbps - 1 Gbps 

Technology LTE, Wi-Max 

Standard IP , LAN /WAN /PAN 

Switching Packet switching 

Main network Internet 

Hand off Horizontal & Vertical 

 

 

Figure 7: Features of 4G generation 

The different challenges which exist in migrating to this 

generation are: multimode user terminals, selection 

among various wireless systems, security, network 

infrastructure and QoS support, charging/billing, attacks 

on application level, jamming & spoofing and data 

encryption [26].  

2.7.1.  Objectives of 4G 
 

The main objectives of this generation are: to develop a 

completely Integrated IP Solution, to have 24 x 7 

accessibility everywhere, to have both wireless and wired 

connectivity, to have smooth interconnection globally, 

interoperability between devices, network and service, 

and to have spectrally efficient system [21]. In addition, 

the detailed description of different objectives of 4G are 

listed in [6]. Comparison between the different 

generations is listed in Table 4 [3] [13][15][22] [23]. 

 

Table 4: Comparison between the different generations 

Parame

ter 

1G 2G 3G 4G 

Introduc

ed Year  

1980  1993  2001  2009  

Technol

ogy  

AMPS  IS-95, 

GSM  

IMT20

00, 

WCD

MA  

LTE, 

WiMA

X  

Speed 

of Data 

Rates  

2.4Kbp

s-

14.4Kb

ps  

14.4Kbps  3.1Mb

ps  

100Mb

ps  

Throug

hput 

14.4 

Kbps 

20 Kbps 0.2 - 3 

Mbps 

100 - 

300 

Mbps 

Internet 

services  

No 

Internet  

Narrowba

nd  

Broadb

and  

Ultra 

Broadb

and  
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Band-

width  

Analog  25MHZ  25MH

Z  

100M

HZ  

Band 

type  

Narrow

band  

Narrowba

nd  

Wideba

nd  

Ultra 

wide 

band  

Carrier 

Frequen

cy  

30Khz  200Khz  5Mhz  15Mhz  

Multipl

exing  

FDMA  TDMA/C

DMA  

CDMA  CDM

A  

Standar

ds 

AMPS, 

ETACS

, NMT 

TDMA, 

CDMA, 

GSM 

WCD

MA, 

CDMA 

- 2000 

Single 

standar

d 

Core 

Networ

k  

PSTN  PSTN  Packet 

Networ

king  

Interne

t  

Switchi

ng  

Circuit  Circuit 

Packet  

Packet  All 

Packet  

Services 

offered 

Voice Voice 

(main), 

SMS 

Voice 

and 

packet 

data 

Packet 

data, 

voice, 

multim

edia  

Handoff Horizo

ntal 

Horizonta

l 

Horizo

ntal 

Horizo

ntal 

and 

vertica

l 

Web 

standard 

----- www www(I

Pv4) 

www  

(IPv4) 

Coverag

e 

Outdoo

r 

In / 

Outdoor 

Global 

roamin

g 

Global 

roamin

g 

 

2.7.2.  Architecture of 4G  

The architecture of 4G technology is given in Fig.8 .The 

different network elements present in 4G architecture are: 

user equipment (UE), E-UTRAN Node B, Mobility 

Management Entity (MME), Serving Gateway (S-GW), 

Packet Data Network Gateway (P_GW), GERAN, 

Information management system (IMS), Home 

subscription server and Policy & Charging Resource 

Control Function (PCRF) .The description of each 

element present in the architecture is illustrated in [24]. 

Table 5: Table Comparison of 3G and 4G technologies 

 

 

 

Figure 8: Architecture of 4G Technology 

 

Key 

parameters 
3G  4G 

Speed 
144 kb /s to 2Mbps 

in mobile mode 

20 to 100 Mbps 

in mobile mode 

Bandwidth 
5 to 20 MHz 

bandwidth 

100 MHz or 

above 

Switching 

design basis 

Packet switching or 

circuit switching 

Packet 

switching 

Access 

technologies 

CDMA - 2000 & 

WCDMA 

OFDM / 

OFDMA 

Frequency 

band 

Country / continent 

dependent (1800 to 

2400 MHz) 

High frequency 

bands (2 to 8 

GHz) 

Network 

architecture 

Cell - based wide 

area 

Wireless LAN's 

Hybrid 

integrations 

Forward 

error 

correction 

Convolutional rate: 

(1/2), (1/3) 

Concatenated 

coding schemes 

Component 

design 

Optimized antenna 

design, multi bands 

adapter 

Smart enabled 

antenna, 

software's 

multi-bands & 

wide band radio 

Major 

requirement 

driving 

architecture 

Pre-dominantly 

voice driven 

Converged data 

& VoIP (Voice 

Over IP) 

Internet 

protocol 
IP 5.0 IP 6.0 
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Table 5 lists the detailed comparison of key parameters 

between 3G and 4G technologies [16]. 

This generation plays an important role in 4G car, public 

safety, sensors in public vehicle, cameras in traffic light, 

first responder route selection and controlling the traffic 

during disasters [11]. 

 

3.  Conclusion 
  

Researchers have made attempts to develop a single 

global standard from the existing technologies. The 

upcoming 4G technology promises this global standard 

which can be used worldwide. This 4G technology will 

help in sharing files among various users by supporting 

diverse IP multimedia applications. In addition, 4G 

technology provides a low complexity and efficient 

means of implementation and negotiation between the 

users and the system. This technology helps in fulfilling 

the objective of PCC (personal computing and 

communication).  
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